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Antibiotics abbreviations:

AMI -Amikacin

AMOK- Amoxicillin/
Clavulanic acid

AMP- Ampicillin

AMPI- Ampicillin/ inhibitor
AMPS- Ampicillin/ Sulbactam
API- Aminopen/ inhibitor
AZL- Azlocillin

AZR -Aztreonam

AZT- Azithromycin
CEF1-Cephalothin

CETX -Cefotaxime

CFA -Ceftazidime

CFI- Cefpirome

CFM- Cefepime

CFN -Cefazolin

CFP -Cefoperazone

CFPS -Cefoperazone/ sulbactg
CFR -Ceftriaxone
CFT- Cefoxitin

CFTX -Ceftizoxime
CFX -Cefuroxime

CIP -Ciprofloxacin

CLI -Clindamycin
CMP- Chloramphenicol
COL -Colistin

COT -Cotrimoxazole

ERY- Erythromycin
FUR -Furantoin
GEN -Gentamicin
IMP -Imipenem

KYS -Oxolinic acid
LIN -Lincomycin
LVF -Levofloxacin
MEP -Meropenem
MTZ -Metronidazole
MUP -Mupirocin
NET -Netilmicin
NOR -Norfloxacin
OFL -Ofloxacin
OXA -Oxacillin

PEN -Penicillin

PIP -Piperacillin
PIPT -Piperacillin/ tazobactam
MROX- Roxithromycin
SPI -Spiramycin

TEI -Teicoplanin
TET -Tetracycline
TIC -Ticarcillin

TICI -Ticarcillin/ inhibitor
TMP -Trimethoprim
TOB -Tobramycin
VAN -Vancomycin
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1. INTRODUCTION

Microorganisms in the oral cavity have been impgidaas the causative agents in caries, pulpitis,
abscess, periodontal disease and halitosis, bactendocarditis, aspiration pneumonia,
osteomyelitis in children, preterm low birthweigbgronary heart disease and cerebral infarction
(91). Orofacial infections may be odontogenic on{salontogenic in nature. Diseases of the pulp
and periodontium such as dental caries, endodworiéctions, dental abscesses, periodontitis and
pericoronitis, which constitute the vast proportminodontogenic infections, are mainly caused
by the endogenous bacterial microbiota in the caalty, (36) while non-odontogenic infections
vary depending on the nature and site of infecti@#). Unlike odontogenic infections, the non -
odontogenic infections do not affect the teeth. dad infections of viral and fungal origin
account for the majority of the oral non-odontogemfections, but bacteria also play an

important role (33).

There are more than 500 distinct bacterial speegiegh have been known to constitute the
normal oral microbiota (60). The major etiologictiar for odontogenic infections is the normal
bacterial flora in the plague. Under favourablewmnstances i.e. when there is abundance of
microbes, or at an unusual site these microbiota ltfze potential to cause infection and lead to
progression of the disease. Gram-positive facubtatacid-forming bacteriae have been
implicated in dental caries while diseases of tleeigoontium are mainly due to anaerobic

proteolytic Gram-negative bacteria (37).

The specificity of non-odontogenic infections candbserved in several strair@aphyl ococcus
aureus is ubiquitous in nature and causes skin infecti@iscesses, oral lesions like angular
stomatitis and cheilitis. However they are raredglated from patients with upper respiratory
infections (tonsillitis and otitis mediaftreptococcus pyogenes is known to cause skin infections

and tonsillitis and is hardly ever known to causefacial or other respiratory tract infections.



Streptococcus pneumoniae and Haemophilus influenzae are major aetiologic agents in
respiratory diseases and are not usually seeralnrdections.Helicobacter pylori is implicated

in diseases of stomach and may occasionally bedfaaroral cavity but they do not cause
respiratory infections. Enterococci and aerobic n&reegative bacilli likeEscherichia cali,
Klebsiella pneumoniae and Pseudomonas aeruginosa are opportunistic pathogens that cause
infections in respiratory tract especially in patewho are immunocompromised and are rarely

found on skinLegionella pneumophila is known to cause only pneumonia (37).

With the advent of sophisticated culture techniguissdation and identification, it is now known
that anaerobic infections are more common. In d#gtithe most common approach to the
treatment of such infections is drainage and ussysfemic antibiotics where indicated (20).
Among the anaerobes the most predominant specielsiden Bacteroides, fusobacteria

peptococci peptostreptococci, and viridans streptococci (6Ihe lack of specificity of

pathogenic microbiota and polymicrobial nature dbmatogenic infections in contrast to the
greater specificity of pathogenic microbiota in raontogenic infections (37) highlights the
importance of adequate culture and identificatidnpotential pathogens in the prompt and

appropriate treatment of these infections.

The first line of treatment for majority of orofatiinfections is debridement and/ or incision and
drainage and in some cases extraction of the afigntboth. Odontogenic infections like
periodontal abscess, pericoronitis, acute peria@bacess and deep fascial space infections
require antimicrobial therapy. Such therapy becommese effective when it is commenced
immediately after diagnosis and prior to surgerytlds is known to reduce the duration of
infection and risks associated with such dentahgagy (164). Most of the microorganisms
causing orofacial infections are treated using sirbglonging to the3-lactam antibiotics,
cephalosporins, fluoroquinolones, aminoglycosidesgcrolides and other broad spectrum

antibiotics.

The role of antimicrobial agents for treatment odlanfections is in preventing the spread of
infection and in reducing extent of damage (98)lt\@ea and antimicrobial susceptibility testing

are pivotal to the effective treatment of bactendéctions with the appropriate antibiotics. As



there is an inevitable delay of 3 to 5 days in lng these culture results from clinical
diagnostic microbiology laboratories, often the gibian has to start on an empirical therapy in
case of life threatening infections. Among the widage of therapeutic agents available to the
dentist, the drug of choice in most instances "o the penicillin group and in particular
amoxicillin. The wide antimicrobial spectrum, lessle effects and low cost make this the
preferred group of drugs (73). In cases where phiseallergic to a particular antibiotic, suitable
alternatives have to be used. The same holds ¢ruantibiotic resistant cases. There is a vast
array of antimicrobial agents for the treatmentoobfacial and odontogenic infections but

growing prevalence of antimicrobial resistancenseea of great concern.

Interestingly, antibiotic resistance was first lybtito the notice of the scientific community by
Sir Alexander Fleming himself, whose discovery @hnigillin has been the cornerstone in
antimicrobial research (52). In an extensive stbgyHughes and Datta (77) on the duration of
existence of antibiotic resistance amdhgoli, it was found from th&. coli specimens obtained

in the early 20th century (nearly 50 years beforgb#otics were introduced) revealed plasmids
that did not show antibiotic resistance. They mayehbecome resistant following largescale use
of antimicrobials. Various reports suggest thatessovze and inappropriate use of antibiotics for
human diseases and in agriculture have resultedeirelopment of bacterial resistance to
antimicrobials (77,109).

The rational use of antibiotics is important to vanet development of resistant strains and
unwanted side effects of drugs. The choice of a@itibis case-specific and it is important to
take into consideration the age and health of #ieept, history of allergy, drug absorption and
distribution, plasma concentration and laboratatad61,164). In addition, the type and site of
infection, antibiotic usage prior to an infectiargst effectiveness of the drug, drug metabolism
and penetration (61,164) along with the recent datim@ntimicrobial susceptibility patterns are

also factors which determine the drug of choice famally outcome of infection (94).



2. LITERATURE REVIEW

2.1 ORAL MICROBIOTA AND NOMENCLATURE

The literature on the role of microorganisms in tdeinfections has an interesting historical
background in view of the pathbreaking molecul@hteques which have shed a new light on
our present knowledge in oral microbiology. The ri&sie believed that a white worm with a
black head lived in the tooth and it caused absse$$16). The worm theory which was
followed until the middle of 18 century and thereafter the hollow tube theory Jlgt2vented
the pursuit for a bacterial cause for pulpal diseagan Leeuwenhoek in the M entury
described the presence of microorganisms whichelmaetd “animalcules”. He was the first to
make such an observation using the material scrrpedhis own teeth and in his words “a little
white matter, which is as thick as if 'twere batter then most always saw... that in the said
matter there were many very little living animakesil’ He also wrote about a sample which he
had obtained from an old man who had not cleangdeeith “an unbelievably great company of
living animalcules, a swimming more nimbly than drhyad ever seen up to this time. Moreover
the other animalcules were in such enormous numtieasall the water... seemed to be alive.”
It has been estimated that nearly a million micgaoisms are present per milliliter of saliva.
Bacteria and a small proportion of fungi constitilite organisms found in the saliva and they are
shed from the hard and soft tissues of the oratycand nasopharynx into the saliva. These then
multiply in the retained pools of saliva. The nofrncammensals which comprise the oral
microbiota play a pivotal role in maintaining otfa¢alth and a disturbance in this dynamic
equilibrium leads to the oral disease (21). Theemeanethods of microbial identification like
PCR for sequencing have opened the floodgatesvieakenovel taxa and difficult to culture
species, which means that the oral microbiota ist@mtly being added upon leading to a better

understanding of their role in health and diseasegss.



The oral cavity has a wide range of microbial sped¢il11,186,199) and they constits800—
500 species of bacteria, fungi and protozoa. Istergly, only ~10% have been isolated by
conventional culture methods. Previous investigatias revealed that nearly 40% of isolates
were novel bacterial phenotypes determined usir® rEBNA amplification methods and among
these many could not be isolated conventionally2)14n the oral cavitya-haemolytic
streptococci are the most commonly isolated migaoism followed by oral commensals like
coagulase-negative staphylococci, Gram-negativei dmionging to the families Neisseriaceae
and Veillonellaceae, lactobacilli, spirochaetesyynebacteria and mycoplasmas. Certain other
microorganisms are also found which can cause cadfanfection includesStaph. aureus,
Enterococcus faecalis, Str. pneumoniae, Str. pyogenes, Neisseria meningitidis, members of the
family Enterobacteriacead{. influenzae and actinomycetes. The oral cavity is similar to a
dynamic ecosystem where any disturbance in thisliequm results in disease by the
endogenous microbiota. Microorganisms which ardaied from orofacial infections include
Gram-positive aerobic cocci-haemolytic streptococci, peptostreptococci andnGnaggative
anaerobes (50). The ability of a microorganismdtmmize and cause disease depends on their
cell surface components which helps them in attarto the tissue surface, further on metabolic

activity and utilization of nutrients (181).

Classification for Bacteria

The most widely used system for classification bffarms of life on Earth has been that
developed by Carl Linnaeus in the™&entury originally for classification of plant aadimals.
In general all forms of life can be grouped undeeé¢ domains:

1) Eukarya- eukaryotic organisms.

i) Bacteria- prokaryotic organisms.

iii) Archaea- these are also prokaryotes but are gatigtand metabolically different from
true bacteria and are thought to be the evolutiohiak between prokaryotes and
eukaryotes (Table 1)

The oral cavity has been known to have microorgasidelonging to these three domains.
However, a large proportion of the microbiota imstituted by bacteria and only a small

proportion by archaea and fungi (21).
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Table 1.Characteristics of Eukarya, Bacteria and Archaea

)

Domain

Property Eukarya Bacteria Archaea

Nuclear membrane + - -

Chromosomes >1 1 1

Chromospme Linear Circular Circular

organization

Murein in cell wall - + -

Cell membrane lipids Ester-linked | Ester-linked Ether-linked,;
glycerides; glycerides; branched; saturate(
unbranched, unbranched; saturated
polyunsaturated| or monounsaturated

Cell membrane sterols Present Absent* Absent

Organelles** Present Absent Absent

Ribosome size 80S 70S 70S

Transcription/translation No Yes Yes

coupling

* except mycoplasmas
** except ribosomes
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Classification of Bacteria
Bacteria can be classified on the basis of thdirsbape, characteristics, genus and family (76).

(i) Gram-negative bacteria

Cell Shape Characteristics Genus Family
Cocci Aerobic Neisseria Neisseriaceae
Veillonella
Coccobacilli Brucella, Bordetella Brucellaceae
Pasteurella, Haemophilus
Bacilli Facultative anaerobic, Escherichia, Shigella, Enterobacteriaceae
motile with peritrichous Salmonella, Proteus,
flagella or immotile Erwinia, Yersinia,
Enterobacter, Serratia
Aerobic, motile with Azotobacter Azotobacteraceae
peritrichous flagella or Rhizobium Rhizobiaceae
immobile
Aerobic, motile with Nitrosomonas, Nitrobacter, Nitrobacteraceae
polar flagella Thiobacillus
Pseudomonas, Pseudomona-

Acetobacter, Legionella daceae
Facultative anaerobic Campylobacter,

with polar flagella Zymomonas, Aeromonas
Curved rods with polar Vibrio, Spirillum, Spirillaceae
flagella Desulfovibrio
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(i) Gram-Positive Bacteria

Cell Shape Characteristics Genus Family
Cocci Cells in irregular clusters Saphylococcus Micrococcaceae
Micrococcus, Sarcina
Cells in chains Sreptococcus Streptococcaceae
Leuconostoc
Bacilli Aerobic sporing Bacillus Bacillaceae
Anaerobic sporing Clostridium

Lactic fermentation
Propionic fermentation

Oxidative, weakly
fermentative

Lactobacillus
Propionibacterium

Corynebacterium
Listeria, Erysipelothrix

Lactobacillaceae

Propioni-
bacteriaceae

(iif) Other Major Groups

Cell Shape Characteristics

Genus

Family

Acid-fast rods
Ray-forming rods

Spiral organisms Motile

Small pleomorphic  Lack rigid wall

Small intracellular

parasites

Intracellular Bordeline with
parasites protozoa

Mycobacterium
Actinomyces,
Nocardia
Sreptomyces
Treponema, Borrelia,
Leptospira,
Soirocheta
Mycoplasma

Rickettsia, Coxi€lla,
Chlamydia

Bartonella

Actinomycetales

Spirochetales

Mollicutes

Rickettsiaceae
Chlamydiaceae

Bartonellae

13



2.2 CULTURE AND IDENTIFICATION OF MICROBIOTA

2.2.1 Culture of Microbiota

In the 18" century Spallanzani developed the first culturelimdor bacterial growth which was
later modified in the 1®century by Pasteur. The originally developed celmedia consisted of
broth obtained from infusion or by enzymatic digastof meat (55, 31). It was Robert Koch
who saw the need to have solid culture media fosighl separation of bacterial colonies as a
broth medium would have a mixture of microbes. lBeduspecimen from the infected lesions
and placed this on aseptically divided potatoesclvhivas thereafter incubated at body
temperature to obtain bacterial colonies. Pureucetdt were subsequently obtained by subculture
on potatoes. This was the forerunner to the dewedmp of solid media from broths by the
addition of solidifying agents such as gelatin agdr (198).

The most commonly used culture medium for the tsmtaof bacteria which are capable of
growing aerobically is the Mueller-Hinton mediumesip blood agar, liver broth, Brain-heart
infusion (BHI) agar and BHI broth to detect anaérobacteria. However, growth of certain
microorganisms require specialized media Itaemophilus testing media, chocolate agar for
Haemophilus species, cation-adjusted Mueller-Hinton mediumhwjtsed sheep blood fdgr.
pneumoniae, GC agar base defined growth supplementNogonorrhoeae, Middlebrook 7H10
medium for mycobacteria and RPMI medium for ye§293.

After 18-24 hours of incubation at body temperatd3®e1°C of inoculated agars, most bacteria
grows in small colonies with characteristic morggyl. In case of slow bacterial growth
incubation time is prolonged to four days to rulat dalse-negative results. Kctinomyces

etiology is suspected, anaerobic culture is pradngo 10 days. Culture and following

identification of bacteria (with susceptibility tewy) is relatively time-consuming.

2.2.2 ldentification of grown bacteria
Microscopy
Microscopy may divide bacteria in several groupsdcording with characteristic morphologic

picture in optical microscope. Suspension of grgnacteria is put onto the microscopic glass
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and then it is coloured by Gram stain. In opticatroscope with immerse objective it may be

distinguished as Gram-positive (blue) cocci or radd Gram-negative (pink) cocci or rods.

Biochemical identification

This identification is based on characteristic grai$ of biochemical activity of bacteria. Grown
colonies are inoculated into the test tube withcsal biochemical tests (i.e. coagulase or
catalase production, utility of sugar etc.). Thesaests a lot of commercial identification set
based on biochemical micromethod (i.e. VITEK — Blérieux, API system, BBL Crystal etc.).

These methods can determine species and subspéthesmajority of bacteria.

2.2.3 Molecular identification of bacteria

Molecular techniques for identification of bactehave resulted in greater ease in the study of
mixed bacterial communities without the need to wsenbersome conventional culture
techniques directly from the patient's sample (128)ckerandl and Paulingere the first to
propose the use of biological macromolecules terdahe the evolution of organisms (203).
This analyses the DNA sequences of genes of conamoestry, or proteins in a large number of
microbes and the similarity of these sequencesietermined using mathematical techniques to
develop phylogenetic trees showing the evolutiotheforganisms. The subunit (16S) ribosomal
RNA gene is widely used as these are commonly fdanchost microorganisms and allows
greater ease in the alignment of the sequence$easimportant function has conserved them
during evolution (201). For this method the seqesraf the same gene from different organisms
are aligned and matrix of similarities is elucidhfeom the genetic distance between pairs of
organisms in the dataset and again analysed tdlyficanstruct the phylogenetic tree or
dendrogram (137). The identity of the microbe damtbe found either by adding the sequence
of its gene to the tree or by performing a simifasiearch in the database against other sequences
of the same gene (131,115). Using polymerase dieaiction (PCR) and cloning steps to this

technigue can help in the detection of microorgasign mixed bacterial communities (198).

2.3 OROFACIAL INFECTIONS
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Orofacial infections may be caused by bacteriagifuwiruses and parasites. Clinical diagnosis is
aided by microbiological sampling and analysis bé tcausative microorganism. Bacterial
infections of oral mucosa constitute especially -ndontogenic infections (33). Yeasts are
implicated in the aetiology of white mucosal lesomhile viruses are known to cause majority
of the oral ulcers. On the contrary, knowledgelenétiology of majority of the oral infections is
by far lacking, and coupled with this, is the und#ization of microbiological sampling for oral
diagnosis by the majority of dental practitione3S)(

In a paper by Dahlén, the significance of microaigas in oral mucosal specimen as an
etiologic agent or carrier with no role in the pagbnesis has been explained (33). Orofacial
infections are as a result of an imbalance in tierohial homeostasis leading to proliferation of
opportunistic microorganisms |lik& aureus, enterococci, beta-hemolytic streptococci and
aerobic gram-negative bacillE( coli, Enterobacter spp.,Klebsiella spp., Pseudomonas spp.).
Some of these species can be resistant to antibiatid pose difficulty in adequate antimicrobial
treatment (37).

Oral mycoses are frequently encountered among ithgéils who are on broad spectrum
antibiotic therapy, immunosuppressants, use obsterin inhalers, diseases like AIDS, cancer,
denture wearers with poor oral hygiene, xerostonaiagd smoking. Extensive studies by
Samaranayake etal. (161) have shown that mycaofections are an increasing source of
concern in individuals who are human immunodeficienirus (HIV)-positive. Oral candidiasis
is the most common fungal infection seen in thel cewity andC. albicans is the major
causative agent. Oth€&andida spp., likeC. tropicalis, C. krusel and C. dublinensis have also
been isolated from oral candidiasis. The increasimgber ofCandida spp. isolated from oral
mycotic infections may be attributed to the risaimtibiotic resistance coupled with the overuse
and or misuse of systemic antifungal agents, eajwedketoconazole and fluconazole (37).
Patients with diseases like AIDS, cancer and tlamsgases are increasingly being treated with
immunosuppressants which increase the risk ofaamadlidal infection.

Viral infections like HIV and hepatitis B and C haseived a lot of attention in the recent years

due to the risk of disease transmission. Neversleléhe importance of viruses in the
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pathogenesis of periodontitis (170) has also reckigreat interest. Research by Slots (170)

showed that there was greater tissue destructigeiiodontal sites with Epstein—Barr virus or

cytomegalovirus than in areas where they were @bsHms type of herpes virus-related

periodontitis may also be partly explained by thy@mesgism between viruses and bacteria

wherein herpetic infection leads to localised imwsupression and resultant proliferation of

bacteria (37).

Parasitic infections are less commonly encountareitie oral cavity. However Bergquist (13)

states that these are more prevalent and partikéésichomonas tenax have been implicated in

periodontal disease. Other parasitic infections li&shmaniasis are also being observed more

frequently than before (37).

Table 2. Major infectious agents of non-odontogenic infesion dentistry*

Infectious agent

Etiology

Diseasqreference)

BACTERIA

Staphylococcus aureus

Oral mucosal infections (33),
abscesses (18), skin infections (49)

Streptococcus pyogenes (beta-hemolytic

group A streptococci)

Pharyngotonsillitis (177), skin
infections (49)

Sreptococcus pneumoniae (PNeumococci)

Middle ear infections (63), sinigsit
(19)

Enterococcus faecalis (enterococci)

Oral mucosal infections (33)

Propionibacterium acnes

Skin infections (49)

Moraxella catarrhalis

Middle ear infections (63)

Haemophilus influenzae

Middle ear infections (63), sinusitis
(19)

Legionella pneumophilia

Respiratory infections (118)

Helicobacter pylori

Stomach and esophagus infections
(148)

Mycobacterium tuberculosis

Tuberculosis, respiratory infections
(118)

Esherichia coli, Klebsiella pneumoniae,
Enterobacter spp, Pseudomonas spp.
(aerobic gram-negative bacilli)

Oral mucosal infections (33)
Respiratory infections (118)
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Anaerobic species Abscesses (18), sinusitis (19)

FUNGI Candida spp. Oral infections (161)
Aspergillus spp. Respiratory infections (118)
Trichophyton spp.,Malassezia spp. Skin infections (49)

VIRUSES Herpes simplex virus-1, mumps virus, | Oral viral infections in children (160)
varicella—zoster virus, morbilli virus Oral viral infections in adults (171)

(measles), influenza virus, Coxackievirus
A and B, respiratory syncytical viruses,
human cytomegalovirus, Epstein—Barr
virus, human papillomaviruses, human
immunodeficiency virus (HIV)

Respiratory infections (118)

PROTOZOANS | Leishmania spp. Leishmaniasis (13)

* adapted from Gunnar Dahlén (37)

Pulpal infection

Pulpal necrosis and alveolar abscess are primdué/to entry of bacteria either from carious
lesion or trauma. These diseases are endogenmadure resulting in a parasitic symbiosis and
can potentially be harmful to the host. The etialaggents are mainly obligate anaerobes. The
low redox potential (Eh) during endodontic infeaticesults in the selection of anaerobes like
Bacteroides species, Porphyromonas endodontalis, Eubacterium species, Fusobacterium
nucleatum andPeptostreptococcus micros (9, 179).

Diseases of the Periodontium

The etiology of periodontal diseases is also attatl to the endogenous microflora found in the
gingival sulcus or the periodontal pocket with geedhan 500 species when the disease is in the
active phase. Gnotobiotic animals do not developodental infections and the efficacy of
antibiotics in the treatment of periodontal dissaseplicate bacteria as the causative organism
(175). Majority of the Gram-positive, facultativéaerobes likeStreptococcus anginosus and
Actinomyces naeslundii (117) constitute the microorganisms commonly ialdrom the healthy

gingival sulcus. However if oral hygiene is abséhén the dental plague that forms has a large
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number of Gram-negative species and motile formglwins proportional to the degree of
gingivitis. (112).

In the early stage of gingival inflammation a lange. of species can be detected and these
include obligate anaerobes like spirochefassobacterium nucleatum and Bacteroides species
(121, 122). In advanced periodontitis, microorgarss like Porphyphomonas gingivalis,
Bacteroides forsythus and Treponema denticola (the so-called ‘red complex’) (174) are
implicated. Thus, the causative factor of periodntis polymicrobial (39) and it is an

endogenous infection with host response also pigginital role in the disease process.

Oral tissues and prostheses - Candidiasis

Epithelial cells, inert polymers of dentures, odbotic appliances, teeth and oral bacteria can
provide surface for the adherence of Candida whrehnormal commensals in the oral cavity.
C. albicans can be found in 20% of the healthy persons andiOfo of those who are
hospitalized. Thus it can also be a nosocomial emogs infection. Candida species can be
detected in large numbers in patients undergoingdspectrum antibiotic therapy, xerostomia,
immunosuppressive therapy, use of steroids in @rbaldiseases like AIDS and in patients

wearing dentures or certain orthodontic appliances.

Denture stomatitis usually occurs in the maxillaoag 30% to 75% denture wearers and in
individuals with palatal expansion appliances, odintic appliances, and partial or complete
dentures. Based on the severity they are classdgedewton Type |- minor inflammation,

Newton Type Il — severe , and Newton Type Il euersible hyperplasia. Selective pressure of
dentures in mouth is responsible for infection@vyalbicans in 85% of dentures wearers, and
only in 20% of individuals not wearing dentures }23here is a predominance in the

colonization ofC. albicans to dentures in comparison to the mucosa underlyiaglenture.

2.4 ANTIBACTERIAL AGENTS
The indication for use of antibiotics in dentistsyfor treatment of systemic effects of orofacial
infection and prophylaxis. Their routine use faatment of infection is not warranted as simple

measures including operative measures such asdprgvdrainage, root canal treatment or
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extraction of the offending tooth and oral hygiera® resolve most infections. Antibiotic usage
for the treatment of orofacial infections shouldhak to current clinical and best practice

guidelines.

7% — 11% of most commonly used antibiotics by d#sitinclude betalactams, macrolides,
tetracyclines, clindamycin, and metronidazole (27)he various side—effects of antibiotics
include GI upset, anaphylaxis and antibiotic resise which is mainly due to inappropriate use
of broad spectrum antimicrobials like cephalospomd fluoro-quinolones (200). Methicillin-
resistant Staphylococcus aureus is known to have resistance to most antibiotics6)10
Widespread emergence of antibiotic resistance as b great concern in recent years and strict
adherence to antibiotic prescribing protocols wattiie primary dental care has great importance
in curtailing this problem. The most prevalent awél infections include pulpitis and periapical
periodontitis. These require simple interventioke lirestoration, endodontic treatment or
extraction. However several studies reported thébatics are used as first line of treatment
(140, 41,1509).

There are only limited clinical situations in ddnpaactice such as infections with rise in body
temperature and systemic effects like lymphademgypdtismus, and facial cellulitis, wherein
antibiotic therapy on empirical basis is justifideericoronitis and periodontal conditions like
periodontal abscess, and acute necrotizing uleeraingivitis are few other indications for

antibiotic usage in dentistry (159).

Penicillins

Penicillins which belong to th@-lactam antibiotics are the most widely used aatibi by
dentists (2). Antimicrobials like amoxicillin (2)penicillin V (41) , metronidazole (140) ,
followed by amoxicillin and clavulanate (147) wdorind to be used in the order of decreasing
frequency. In a study published by Kuriyama et #ie clinical efficacy of penicillin V,

amoxicillin, or amoxicillin and clavulanate was falito be similar (92).
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In a research paper by Lewis et al. it was repattiatl resistance to amoxicillin/clavulanic acid
was detected in 5% of the main isolates from deabslcesses (108). However, another study

showed total susceptibility to amoxicillin/ clavala acid in endodontic infections (12).

Cephalosporins

Cephalosporins are bactericidal drugs. First geioeraf cephalosporins inhibit mainly Gram-
positive bacteria, second and third generation® lgaeater bactericidal activity against Gram-
negative bacteria while fourth generation cephaldsp are broad spectrum antibiotics with

bactericidal activity against both Gram-negativd &@ram-positive bacteria (188).

Carbapenems

Active against both Gram-positive and Gram-negahaeteria, but not to intracellular bacteria.
In a study to evaluate the susceptibility of micgamisms isolated from endodontic infections to
B-lactams, a total susceptibilty to imipenem andB9®to amoxicillin/clavulanate was observed,

while 16.1% showed resistance to amoxicillin andig#in G, and 4.89% to cefoxitin. (57)

Fluoroquinolones and Clindamycin

Non-odontogenic bone infections affecting orofacsatuctures are commonly treated with
clindamycin, as it reaches high concentrations lwe tone (22), and fluorquinolones
(ciprofloxacin, norfloxacin, moxifloxacin) which arhighly effective against Gram-negative
bacilli, Gram-positive aerobic cocci and, third geation fluorquinolones (moxifloxacin), which

are active against anaerobes (141).

Tetracyclines

Tetracyclines are active against a wide range @nGpositive and Gram-negative organisms
and are useful in the treatment of periodontaladies and also in local delivery devi¢&S6).
Though Walker reported high prevalence of antibiotesistance to tetracyclines in the
periodontal flora, a recent study by Bresco-Salivast al. showed better susceptibility in

odontogenic infectiong197,15).

Macrolides
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Commonly used macrolide antibiotics include erythyain, clarithromycin, roxithromycin and
azithromycin. They are mainly bacteriostatic but high concentrations they can also be
bactericidal. Macrolides are active against mangn@&positive bacteria but ndnterococcus
spp. However, resistance to erythromycin and amitlycin has been reported to be high in
odontogenic infections (Brescé-Salinas M, et alputthe use of these agents for common

infections may explain the high rates of resista e, 189, 14)

Frequency and duration of antimicrobial use canfduend in various resources (16) and
therapeutic guidelines, which are mainly based ance by experts (156). Average duration of
antibiotic use for dental infection was found to882 days in a Canadian study whereas a US
study published on antimicrobial prescribing preet@mong endodontist showed that an average
of 7.58 days (202). Few studies found that Easkdediterranean dentists prescribed smaller
doses for longer duration (159,38). Effectivenetsdwo dose, 3 gm amoxicillin has been
reported in some clinical cases (182). However, r23odays of antibiotic use in acute
dentoalveolar infections have been recommendegpnoariate dosage by the British National
Formulary (113). Co-amoxiclav is usually prescribedloses ranging from 375 mg to 625 mg
every 8 hours (17). In patients allergic to pefirgilclindamycin in doses ranging from 50 mg to
450 mg every 6 hours or metronidazole in a dos206fmg every 8 hours for 3—7 days can be

used as effective alternative (17).

2.5 ANTIMICROBIAL SUSCEPTIBILITY TESTS

Antibiotic susceptibility tests are used to deterenihe inhibitory effect of an antibacterial agent
against microbes, and they help in selecting ap@tEptherapy and determining the sensitivity
pattern of an organism for epidemiological reasonbBe guidelines for culture medium
preparation, incubation criteria, and interpretatiof the test results for antimicrobial
susceptibility testing methods like disk diffusidorpth dilution, and agar dilution (126-130) are
laid down by the CSLI (formerly NCCLS) for selectexkrobic and anaerobic bacteria,
mycobacteria (125) and fungi. These guidelinescarestantly updated. The two principal types
of susceptibility testing methods include the carimal (phenotypic) culture-based and the

genetic susceptibility testing methods.
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2.5.1 Conventional culture-based antimicrobial susceptibity testing

Conventional culture-based antimicrobial susceltybtesting methods evaluate the vitro
effects of the antimicrobial agent on the growthtloé test organism or assess directly the
antimicrobial modifying enzymes. These tests aexlus determine the antimicrobial resistance
phenotypes, which may be intrinsic or acquired .(Z®ey are divided into two types depending

on the principle used. They include (101):

Diffusion method Dilution method

Stokes method Minimum Inhibitory Concentration
Kirby-Bauer method i) Broth dilution

E-test method i)Agar Dilution

() Diffusion testsare more commonly used as they are simple, flexabd cost effective. In this
method, the antimicrobial agent diffuses from dutese filter paper disk into the solid medium
inoculated with a test strain. Following 18 to 2dufrs of incubation, “zones of inhibition” of
bacterial growth may be present around the anitddsk. This is a qualitative test as the results
based on the “zones of inhibition” of bacterial \gtb are denoted as resistant, susceptible, or

intermediate susceptible to the antimicrobial ag28}.

(i) Dilution tests are quantitative assays and are used to estithateninimal concentration
(mg/l) of the tested antibiotic that inhibits theogth of the microorganism. This is known as the
minimum inhibitory concentration (MIC). Subcultucé the dilutions with no visible growth
onto antibiotic-free agar media gives the valu¢hef concentration of antibiotic that kills rather
than inhibits the microorganism and this is knoventlae minimum bactericidal concentration
(MBC) (29). Dilution tests can be grouped into thtgpes namely, macrobroth, microbroth, and
agar dilution method.

(a) Macrobroth Dilution. It is done manually using standard-size test tudmegaining liquid
medium with a standard inoculum of the test organiand different concentrations of

antimicrobial agents are added. Incubation is dfmmel8 to 24 hours for aerobic bacteria
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whereas for anaerobic bacteria, mycobacteria, aadty the incubation can be done for a much
longer duration (29).

(b) Microbroth Dilution . This may be an automated technique or done mignuaing
microtiter plates and is similar to that for maaath dilution except for the detection of growth
which is done by optical density analyses and tivestialization of microtiter wells.

(c) Agar Dilution. In this technique instead of a liquid medium tha&laatic is present in a solid
medium containing agar in Petri dishes. “Spot” imation of a standard concentration of
microorganism on this solid medium is done anddéatter incubated upto 18 to 24 hours in case
of aerobic bacteria or longer in case of anaerbbuteria and mycobacteria. Absence of growth
of microorganism denotes that it is susceptibltheogiven concentration of the antibiotic in the
medium. This method provides very specific MIC atgb allows many different isolates to be

tested at the same time by spot inoculation osdme plate (29).

(iif) Gradient Diffusion (Etest, Epsilometer testing)

Gradient diffusion test involves the use of a snglastic-coated strip in which an increasing
concentration gradient of the test-antibiotic iseg@nt. This strip is placed on solid agar
containing the streaked microorganism and the tesurke read after 18 to 24 hours. MIC is
determined by the intersection of the lowest pointhe elliptical zone of growth inhibition and
the gradient plastic strip. The advantage of thethod is the ability to test a wider range of
antibiotic concentration in comparison to the otimathods. The commercial tests include Etest
(AB Biodisk NA, Piscataway, New Jersey) (29).

2.5.2 Genetic Susceptibility Testing Methods

The genetic susceptibility testing method is dormeequickly and has greater reliability than the
phenotypic methods as they are done using thecalisample thereby eliminating the need to do
culture and also the “genotype” of the organismevaluated. With this method there is a low risk
for the patient and hence useful in the case @-thfeatening diseases like meningitis,
endocarditis, or osteomyelitis wherein longer doraof antibiotic therapy is essential. Other
benefits of this technique are that the genotypg bw known much rapidly in case of slow
growing microbes or where the microorganism isiclitt or impossible to culture. Also, the

biohazard associated with genotypic testing methddr less than the conventional phenotypic

24



testing methods. For example, these methods anedfea provide better results than the
phenotypic testing methods used for detecting rodithiresistance in coagulase-negative
Staphylococcus species (88), anénterococcus species with low-level vancomycin-resistance
(87).

The disadvantages (29) of this method are as fstlow
1. The most relevant objection to using genetic metisotthe problem of expression of a
given gene i.e. the presence of a resistance gee ribt necessarily mean the phenotypic
expression of such gene. In addition, resistanoeacae from different mechanisms, which
does not have to be covered by a given genetic test
2. Poor sensitivity when the test specimen has smustiber of microorganisms
3. Individual antimicrobial agents require varyingpég of assays
4. Certain antimicrobial agents may have yet-unknoemegic method of resistance.
5. Specimens contaminated with extraneous nucleic a@g give false-positive results

especially in tests using polymerase chain rea¢f@R).

In this technique the PCR is used to amplify tregdéet” nucleic acid and the resultant product
known as amplicon is then assessed as to whetisethi¢ desired target DNA containing part or
the entire resistance-associated gene. Followiagd#tection of antimicrobial-resistance genes
by PCR amplification of the target DNA, the amphcaonfirmation is performed by
electrophoretic mobility (Gel electrophoresis), mohybridization assays (Southern blotting,
slot, dot-blot, enzyme-linked immunosorbent assayljquid hybridization formats), restriction

fragment length polymorphism (RLFP) analysis, orA$équencing formats (29).

2.5.1 Principle of Antimicrobial Susceptibility Teging

The antibiotic susceptibility test (AST) is a vahlmtool for the clinician in choosing an initial
empiric regimen and, drugs on a case-specific b&is the basis of the most prevalent
susceptibility profile, an antibiotic panel is cleasfor test and is regularly reviewed and changes
made when deemed necessary (101).

The early works by Rideal,Walker and other investigs paved the way for evaluating the

effectivity of noxious agents to bacteria. Howewbgse tests and their subsequent modifications
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became very tedious following the introduction ofibiotics and the need for numerous routine
tests for analyzing their effectiveness. AlexanBEming was the first to introduce the ditch
plate method of agar diffusion. This was followegl tnmerous other agar diffusion methods
which were put to use by the Oxford Group to ashayblood antibiotic level. This was done by
the placing reservoirs in containers on the surfatdahe medium thereby facilitating the

diffusion of the antibiotic into the surrounding daem. This method is still in use although it is
now more common for most laboratories to follow th&c diffusion method of AST which uses

antimicrobial impregnated absorbent paper disc. @dwsc principle of newer methods comprise

of diffusion of antimicrobial agent in agar or ditin of antibiotic in agar or broth (101).

2.5.2 Factors Influencing Antimicrobial Susceptibiity Testing
There are several factors which affect the AST. Jike of the zone of inhibition is dependant on
the diffusion rate of the antibiotic, the degreesenhsitivity of the microorganism, the inoculum
size, and the growth rate of the bacterium (29e®factors include (101):

1. pH of the agar medium: Ideally a pH between 7.2&Adt room temperature after gelling is
appropriate. Drugs like aminoglycosides, quinoloesl macrolides become inactive when
the pH is low, while others like tetracycline hayeater effect. These effects are reversed
when the pH is very high.

2. Moisture: The presence of excess moisture on the @lgte also affects the antimicrobial
susceptibility test results.

3. Thymidine or thymine: When the agar medium cont&xsessive thymidine or thymine
they can cause false—resistance values. In casalfohamides and trimethoprim, due to
reversal of the inhibitory effect of these drugsegessive thymidine or thymine, the zone of
inhibition is small, less distinct or absent thesding to false results.

4. Divalent cations: Divalent cations like magnesiumd &alcium in excess decrease the zone
diameter and vice versa in cases of drugs like @ghpoosides and tetracyclines. Zinc ions in
excess can also result in smaller zone of inhibitw carbapenems.

5. Type of agar medium: Aerobic or facultative baeegrow well on unsupplemented
Mueller-Hinton agar. Fastidious bacteria suchHagmophilus spp, N. gonorrhoeae, S

pneumoniae, and viridans and 3-haemolytic streptococci gromly con supplemented
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Mueller-Hinton agar or other media. Thus approprietilture medium should be used to

obtain correct results.

2.6 Resistance to antimicrobial agents
Antimicrobial drug resistance is mediated by vasiouechanisms including mutation and uptake
of genes by vertical or horizontal transmission1)10There are two types of resistance to
antimicrobial drugs i.e. acquired and intrinsic. giiced resistance develops due to
recombination and mutation in the genes of the @oiganism. This in turn is due to various
complex mechanisms. These mainly include:
() Inactivation of the antimicrobial agent e.g.Blactamases.
(i) Accessibility of the antibiotic into the microorgam may be impeded especially during
downregulation of porins
(iif) Excretion of the antibiotic which may occurhen there is upregulation of the efflux
pumps
(iv) Mutation of the target site on the microorganismwdnich the antibiotic exerts its effect
can result in antibiotic failure as the site ofi@actis no longer present. The microbe can
also produce alternative target sites and this ezsn& protective action against the
antibiotic. There may be other modes of protecbbthe target which also helps resist

the antimicrobial agents (72).

2.6.1Studies onantimicrobial drug-resistance in the oral microbiota

The emergence of antimicrobial drug resistance figgrowing global concern due to the
increased morbidity and mortality from failure odatment and the associated increase in cost of
management of diseases and health care. The imagieoprescription of antimicrobials by
physicians and dentists, lack of adherence to ksti@d protocols for management of infections
by chemoprophylaxis and in some countries the alsitly of over-the-counter antibiotics have

led to increasing incidence of antibiotic resis&fit01l).

The transfer of resistance factors especially ttovsenobile elements can lead to development of
resistance in human and animals at a greater pazesceptible hosts. The prevalence and variation

in the antibiotic susceptibility profiles of multigh-resistant strains locally and globally haveegiv
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rise to the need to have sentinel sources for dlanee database and analyse these reports. As the
susceptibility profile varies over a period of tim@&eeds to be constantly updated for future gubli
health and clinical healthcare policies, improvpagient outcomes and preventing drug-resistance

and reducing the cost of healthcare (101).

Resistance to Aminopenicillins

Velllonella spp. andPrevotella denticola isolated from root canals have been known to be
resistant to amoxicillin. A recent study showed a&midin susceptibility (breakpoint for
amoxicillin was 8 mg/L) by 34 strains of facultaianaerobic bacterial isolates belonging to the
same root canal and 52 of 54 (96%) isolates ofgaldi anaerobes (102). This study used the
NCCLS agar dilution method and confirms that amiikicresistance is not common among
oral anaerobes in deep-seated orofacial infectidnsther study by Fosse et al. revealed high
susceptibility of Gram-negative bacilli such Beevotella to amoxicillin and clavulanic acid
combination, but in 53.2% of patients and 39.4%ha&f periodontal pockets one R-lactamase
producing isolate oPrevotella sp. was detected (54). Further studies are ndeddetermine the
amoxicillin resistance among oral microbiota. Reju@bility of results is a cause for major
concern owing to the hardships with regards tonaiotbbial susceptibility testing for anaerobes
and the lack of universally accepted standardizethadology for antimicrobial susceptibility

testing for anaerobes (181).

Resistance to Penicillins

3-lactamase production is rarely observed amongptsicocci. The resistance to penicillin
among streptococci is due to alterations of theigi&n-binding proteins (24, 32, 69). The
earliest reported case of [3-lactamase produciegtsitocci in subgingival plague of adults with
periodontitis was in 1986 (86). Another investigation 207 isolates of nine species of alpha-
haemolytic streptococavhich comprised of species lik&reptococcus mutans, S. salivarius,

S oralis and S mitis revealed total susceptibility to penicillin by gnS mutans (185).
Resistance of four blood culture isolatesSommitis to penicillin (MICs 16—32 mg/L) has also
been reported in another study. These also showststance to the aminoglycosides,
gentamicin, kanamycin and tobramycin (185). A higisceptibility to penicillin and other

antimicrobials (5,104,83,84) have been seen arfomgtans strains.
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All the 424 isolates 08 mutans obtained from a study in 116 children and studer=e found

to be susceptible to penicillin, amoxicillin, tritheprim, tetracycline and erythromycin (84).
Reports from other studies have revealed uniforstetibility to penicillin by 839 isolates of
S mutansin 209 patients who were exposed and not expasddrital amalgam fillings (104).
Selection of antibiotic resistance has not beeorted to mercury in dental amalgam (48,194).
Alpha-haemolytic streptococci lik& oralis andS mitis show the greatest penicillin resistance.
The degree of resistance may vary, however ordebaalo always show resistance. It has been
reported in the literature that interspecies transif resistance determinants occurs between
S pneumoniae and othera-haemolytic streptococgil51,89). These are mosaic genes that have
areas with nucleotide sequences identical to tHos®m strains known to be susceptible to
penicillin and are interspersed with regions of leotde sequence divergence. These are
responsible for the resistance (45) and are alsodidan S. sanguis, S oralis andS. mitis (45,30,
146,69).

Porphyromonas gingivalis, Prevotella intermedia andP. nigrescens, which are also detected in
oral infections, have also been known to exhibiibéotic resistance especially. gingivalis,
which was found in one Spanish study to producacimase (93,80). However in this stirly
gingivalis isolates were less commonly isolated from the golemtal pockets. Penicillin
resistance is also found more commonlyPrevotella spp. (90,3), although the resistance has
been found to be similar for both pigmented and-pigmentedPrevotella species (93).
Fusobacterium and Veillonella species also demonstrate resistance to peni¢88n192,191).
Beta-lactamase producing fusobacteria (31%) in tudamic abscesses have also been reported
in a study (47).

Resistance to Metronidazole

Mobile genetic elements are thought to be resptméib the resistance to metronidazole (187).

Other reasons for resistance may be due to musatiothe enzymes causing reduction of the
drug to its active form, mutations leading to dasedl entry of the antibiotic into the cell and

mutations to transporters causing efflux of thegdil63). Studies on antibiotic susceptibility by

Roche & Yoshimori on isolates obtained from odoetug abscesses showed that eight out of 97

isolates which included five isolates lcdictobacillus spp., two isolates ddemella morbillorum
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and an isolate oActinomycesisradii were all resistant to metronidazole. However, oib@ates
in this study includingPrevotella spp, Peptostreptococcus spp, Bacteroides spp and

Porphyromonas spp. were susceptible (154).

Investigations by Eick et al. described resistancaetronidazole by capnophiles likgkenella
corrodens andActinobacillus actinomycetemcomitans isolated from periodontal and odontogenic
abscesses. This resistance may be explained bygl@amem of intrinsic resistance (47). Similar
results have been reported by Madinier et al héirtstudy where among the 50 test strains 72%
were resistant to metronidazole (114). Metronidazodsistance has also been found in
Helicobacter pylori (139) and the anaerobic protozoa (190).

Resistance to Cephalosporins

High-level resistance to cephalosporins has be&sctdsl among alpha-haemolytic streptococci
and their MIC for cefotaxime has been reported @éovery high (128 mg/L). First and second
generation cephalosporins also have high MIC vallesa laboratory study the resistance
determinant in cefotaxime was transferre&tpneumoniae having a low level of resistance with
great ease (151). Root canal exudates contaifing ococcus spp. in periodontal patients are
known to exhibit greater resistance to cephalosgothan the Gram-negative bacteria (134).
Although the transfer of resistance determinantois, owing to the greater frequency of
antibiotic exposure there is a possibility of highate of transfer of the resistance determinant

with an increase in the selection pressure (181).

Oral staphylococci were susceptible to cephalospd@1) in one study but another study found
methicillin-resistantS aureus (155), which is hard to eliminate from the oropimr once they
colonize (173)Peptostreptococcus, Porphyromonas and Fusobacterium are also susceptible to
cephalosporins (93). However the MIC50s and MIC@@se greater for the fourth generation
cephalosporins in comparison to the cephalospaofitise older generation, which may be due to
the misuse of these cephalosporifsevotella species has been reported to demonstrate
resistance to a wide variety of cephalosporins.(B8tontrast to the above findings, in a study
by Eick et al. resistance to cefoxitin was founaire-third ofFusobacterium spp. and one-third

of Veillonella spp. (47).
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More studies are required to have a clear pictboeiathe prevalence and degree of resistance to
penicillins and cephalosporins by members of tt& cavity, as it is now known that transfer of

high-level resistance t& pneumoniae can occur (181).

Resistance to Tetracyclines

The mechanism of tetracycline resistance is byhggis of efflux proteins, production of
ribosome protection proteins and enzymatic modificaof the antibiotic. 27 types @&t genes
have been identified in oral microbiota which enedar tetracycline resistance (153). In a study
conducted on healthy Greek children, 23% of alph@ntolytic streptococci mainlgr. mitis
isolated from the oropharynx showed resistancettadycline (79). Okamoto et al. in their study
comparing the prevalence of black-pigmented anasral§ the genu®orphyromonas and of
Prevotella spp., and the distribution of thet (Q) gene found that 27.5% &% nigrescens and
6.4% ofP. intermedia isolates carrietet (Q) gene (136). In another study 21%FRofintermedia
isolates and 15.2% . nigrescens exhibited thetet (Q) gene whileP. gingivalis isolates also
carried tet (Q) in combination with the erythromycin resistandeterminanterm (F). More

frequently,tet (Q) anderm (F) are found to be carried in combination (132,188).

Resistance to tetracycline is also a co-marker eniqilin-resistant isolates of oral cavity
(66,100). This association has been reported bgd~es al. (54). They observed in their study
that 50% of Gram-negative oral anaerobes weretaasiso tetracycline and penicillins thus
associating tetracycline resistance with [-lact@m@a®duction. The likelihood of spread of
resistance factors is of significance as there halge been similar studies on association
between tetracyclines, penicillin and erythromyagiesistance (162,195,149,150). Previous
investigators have detailed the resistance to dgtlime lasting for a longer duration after

discontinuing treatment (149,168).

Macrolides
The mechanism of macrolide resistance include adon of one of the 2®&rm genes which
code for rRNA methylases which cause methylatioad#nine residues in 23S rRNA, and thus

inhibits the binding of macrolides to the 50S rimosml subunit. Another mechanism is the
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inactivation of macrolide by an enzyme encodedriph, and efflux of macrolides by an ATP-
binding transporter encoded IlmsrA which has been found i aureus (153). In addition
expression of genes in tmeef family, which encodes another efflux pump, mayrésponsible

for the low-level of macrolide resistance seerhmitnembers of the oral cavity (4,168).

In a study by loannidou et al. among the 200 isslafa-haemolytic streptococéiom the oral
cavity of healthy Greek children, 38.5% showed lmogmycin resistance, and 33.5% showed
clarithromycin resistance, however for erythromythe MIC90 was twice than that when
compared with clarithromycin. The prevalence ofstasice to erythromycin was greatest $r

oralis species at 53%, while it was 48% fsalivarius and 44% foiS. sanguis (79).
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2.7 Guidelines For Antimicrobial Susceptibility Tesing

Table 3.Suggested battery of antibiotics for susceptibiisting(101)

Gram negative  Streptococcus

Staphylococcus Haemophilus ~ N. gonorrhoeae

bacilli Enterococcus
Penicillin Ampicillin Penicillin Ampicillin Penicilin
Oxacillin Piperacillin Oxacillin Amoxycillin/ Cefazolin

Clavulanic acid

Cephalothin Cephalothin Ampicillin Cefuroxime Cddirone
Gentamicin Cefotaxime Cefotaxime Cefotaxime Chlgyhenicol
Netilmicin Ceftazidime Erythromycin Tetracycline pEofloxacin
Amikacin Gentamicin ChloramphenicoErythromycin
Chloramphenicol Netilmicin Tetracycline Chloramphenicol
Tetracycline Amikacin Vancomycin
Erythromycin Chloramphenicol

Co-trimoxazole  Tetracycline

Clindamycin Co-trimoxazole
Ofloxacin Nalidixic Acid
Rifampicin Ciprofloxacin
Vancomycin Ofloxacin
Teicoplanin Nitrofurantoin
Imipenem
Meropenem

Note: The choice of antibiotic depends on the suscgipfilpattern exhibited locally. The
selection of antibiotics varies based on specimmh the isolates under consideration
(101).
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3. AIMS OF THE STUDY

General Aim
The general aim of the present study was to refp@tlong-term surveillance of antibiotic
susceptibility of the subjects reporting with baiete infection of odontogenic and non-

odontogenic origin at the University Hospital inaddec Kralové from 1996 through 2007.

Specific Aims
The specific aims were:
(i) to isolate and determine the prevalence of battepaciesn oral samples of patients
with bacterial infection reporting at the Dept.[zéntistry (1996-2007),
(i)  to assess the age, site of infection and sex loligioin and,
(iif)  species-specific relationships,
(iv) to determine the most effective antimicrobial tipgrafor orofacial infections of
odontogenic and non-odontogenic origin based onrthéro antibiotic susceptibility

test.
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4. MATERIALS AND METHODS

4. Materials and methods

4.1 Patient selection and bacterial sampling procene

The study involved the patients attending the Dpamt of Dentistry, University Hospital in
Hradec Krélové with suspected or proven orofacadtérial infections during the period from
1996 through 2007. These patients were subjectedd domprehensive oral examination after
obtaining a detailed dental and medical historyn@ang was performed routinely on patients
with orofacial odontogenic and non odontogenic dtitexs by swabbing or obtaining a liquid
material or pus from oral cavity or neighbouringustures and transported in anaerobic transport
devices (sterile test tube for anaerobic transpilt stopper or swab containing Amies transport

medium (Dispolab) to the laboratories at the DepClinical Microbiology.

4.2 Culture

After admission all samples were cultivated on blagar with 5% sheep blood (BA), chocolate
agar (CA) with ATB (bacitracin, vancomycin and damycin), McConkey agar (MC), and
Brain Heart Infusion agar (BHI). At the same tiniegse samples were inserted to liver broth,
which was incubated for 18-24 hours at 36x1°C drmehtinoculated onto BA and MC again.
Aerobic cultivation was done on BA and MC at 36+1®€C 18-24 and 48 hours, and Sabouraud
agar (for yeasts) for 48 hours. CA plates were hiated in a special atmosphere of 5% carbon
dioxide (CQ) for 48 hours, BHI agars were put in BUG BOX teere anaerobic condition (5%
CO,, 10% H, and 85% M) at 36+1°C for 48 to 72 hours. In case of slowteaal growth
incubation time was prolonged to four days to rolg false-negative results. Kctinomyces
etiology was suspected then, anaerobic culturepsalenged to 10 days. Mycobacteriological
examination was carried out using rapid culturehteque in MGIT (MB BacT, Becton
Dickinson) and convential cultivation on Léwenstdensen agar (Trios, Prague) for 3 to 9
weeks in accordance with standard methods in migiady of mycobacterial infection (144).
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The culture plates were then examined for bactegpiawth each 18-24 hours and quantity or
semiquantity was evaluated for each sample. Pucteia isolates for identification and

antibacterial susceptibility testing were obtaifbgdsubculture.

4.3. ldentification

Presumptive identification of the pure bacteridboges of strict/ facultative anaerobes/ aerobes,
gram-positive/ negative rods and cocci was basedotony morphology and pigmentation on
culture media, and on microscopy picture accordingGram-staining and oxidase test
(Lachema). Bacterial isolates were identified andgard methods by means of plasmacoagulase
test (ITEST plus) for staphylococci, porfyrin pration test for hemofils (Trios), hydrolysis of
tributyrin (ITEST plus), test of the susceptibilitg optochin (Oxoid), the specific battery of
biochemical tests (Hajn agar, indol production, i@mns citrate assimilation, urease production,
Trios) for gram-negative rods. All gram-negativenfesmentative rods and other unidentified
isolates were, if needed, further identified usamnmercial systems BBL Crystal GP, E/NF,
AN, NH and VITEK 2 (Bio Mériéux). Serological idefitation of 3-hemolytic streptococci
were performed by latex aglutination (ITEST plugpia Lancefield’s group.

4.4. Antimicrobial Susceptibility Testing

The antimicrobial susceptibility tests for the glalie and facultative anaerobes and aerobes were
done (in accordance with 2) using disc diffusiost @ microdilution broth method. Production

of beta-lactamase was identified by nitrocephirt {€achema), confirmation of MRSA was

done by latex aglutination (MRSA-Screen Denka Sgike

Quiality controls (QC) of antibiotic susceptibilitgsts were used in the validation of antibiotic
susceptibility tests and performed in accordandh Vaboratory standards (2) using reference
strains: Escherichia coli CCM 3954, Escherichia coli CCM 4225, Pseudomonas aeruginosa
CCM 3955, Saphylococcus aureus CCM 3953, Enterococcus faecalis 4224 andHaemophilus
influenzae CCM 4456. QC results were obtained for antibiotiespectively, of which more than

99% were within the acceptable limits.
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The bacterial strains were manually divided intprapriate susceptibility categories (resistant,
intermediate susceptibility, or susceptibility) bdson the guidelines for interpretation of
diameter of inhibition zone for individual antibicé (164). Species, drug, zone diameter,
susceptibility category, and quality control reswtere read manually and the results were

recorded into the central laboratory informatiostsyn.

The demographic, bacteriologic and antibiotic spsbdity data were collected retrospectively
using the hospital records at the Department ofi€di Microbiology.

Exclusion criteria were negative laboratory resaltsl test results of the same patient but not
related to the oral cavity. In addition, bactersgarded as normal commensals and duplicate
isolates from a given patient with identical specwathin different samples, and mycological
results of the patients were not considered. Sanplégh mixed isolates without potencial
pathogenicity were grouped together as microflonal @o attempt was made to find the

antibiotic susceptibility profile of their individu species separately in this study.

4.5 Method of Statistical Analysis

Data were analysed to evaluate the relationshigsvee® specific microbes and gender.
Chi-square test and simple linear regression aisalyere performed to determine temporal
trends in occurence of microbial species. Unpaifest was done to determine if there was any
gender prevalence. Significance was determined<ad.p5 level. Relationship between specific

microbes and their antibiotic drug-sensitivity pl@fvas also analysed.
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5. RESULTS

5. Results

During the 1lyear study period (1996 to 2007),tal tof 678 patients were studied. 350 (51.6%)
were males and 328 (48.4%) females. Overall, 16@%9ns were isolated. Some of the patients
made multiple visits on different occasions foraaed infections.

5.1 Age
The age of the study cohort ranged from 2 to 94syeEhe mean age was 41.2 (+ 18.03 SD)
years for males and 43.7 (+/- 19.5 SD) years fdema

5.2 Gender

Gender distribution of cases during the study meri®996-2007) is in the Graph 8. The
proportions of various bacterial species isolatednfmales and females during the study were
comparable (p = 0.082) (See Table 4). Enterobactegre more prevalent among males whereas
Moraxella catarrhalis, obligate anaerobesl. influenzae, oral streptococciS. aureus, coagulase-
negative staphylococci and beta-haemolgti@ptococci were slightly higher among females.

However these findings were not statistically sigant (See Table 4 and Graphs 1 to 8).

Table 4. Species distribution of patients by gender

Microbe — group Female% Male %
Moraxella catarrhalis 60.0 40.0
Anaerobes 56.4 43.6
Haemophilus influenza 56.3 43.8
Oral streptococci 51.8 46.4
Staphyl ococcus aureus 52.8 47.2
Coagulase-negative staphylococci 51.6 48.4
Streptococcus beta haemolytic 51.3 48.7
Corynebacterium spp 50.0 50.0
G- non fermentative rods 50.0 50.0
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Enterobacteria 47.7 52.3
Indigenous microbiota 41.2 58.8

Anaerobes y axis - Percentage
X axis- Year
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Graph 1. Distribution of obligate anaerobes isolated framéles during the study period
(1996-2007)
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Graph 2. Distribution of oral streptococ@olated from females during the study period (:996
2007)
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Streptococcus heta haem
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Graph 3. Distribution of beta haemolyt&treptococcisolated from females during the study
period (1996-2007)
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Graph 4. Distribution of Saphylococcus aureus isolated from females during the study period
(1996-2007)
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Coagulase-negative staphylococci
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Graph 5. Distribution of coagulase-negative staphylocaseiated from females during the
study period (1996-2007)
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Graph 6. Distribution ofHaemophilus influenzae isolated from females during the study period
(1996-2007)
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Graph 7. Distribution of enterobacteriaolated from females during the study period (3996
2007)
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Graph 8. Gender distribution of cases during the studyquke(iL996-2007)

5.3 Site of specimen
Nearly 52 different types of isolates were identiffrom the specimens. The most frequent sites
were throat (18.1%), salivary gland (16.2%) andcabs (14.1%).

5.4 Spectrum of microorganisms
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A total of 48 species were identified of 1609 isesafrom 678 patients. The spectrum of
microorganisms during the study period comprisedpfdominantly facultative anaerobes
78.5% (n=1263) and obligate anaerobes 21.5% (n=3¥@png the facultative anaerobes the
most common species wak influenzae (n=320; 19.9%) followed by enterobacteria (n=235;
14.6%), and beta-haemolytic streptococci (N=193p)1 3. aureus (n=176; 10.9%), coagulase-
negative staphylococci (n=122; 7.6%), oral streptoc (n=134; 8.3 %) and Gram-negative
non-fermentative rods (n=40; 2.5%). catarrhalis (n=5; 0.3%), andCorynebacterium spp

(n=4; 0.3%). The microflora isolated in this studyrofiled in the table no. 5 and 6 and graph 9.
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Graph 9. Proportion of main bacterial microbiota during gtady period (1996-2007)
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Table 5. Spectrum of bacteria isolated from orofacial inf@es with their numbers during the

study years.

Year

Microbe/s 1996|1997 | 1998/ 1999 2000 2001 2002 2003 2004 2005 20087 2Total

Anaerobes 3 16 31 13 3 P 11 51 b8 B0 (72 |2B46
M. catarrhalis 2 0 1 0 1 1 0 0 0 0 0 0 5
Coag-neg staph. 5 7 10 8 b ) 3 10 13 13 |20 |[2222

Corynebacterium 0 1 1 0 0 1 0 0 1 0 0 0 4

G- non-fermentive 2 1 0 0 0 1 ol 18 4 6 2 6 40

rods

H. influenzae 19 | 23| 32| 37| 15 17 18 30 34 31 37 30320
Oral? Microbiota 8 3 0 3 0 4 0 0 4 4 4 4 34
Saph. aureus 11| 14| 26| 20| 10, 9 4 13 20 18 18 13176
Streptococcus beta| 10 18 12 22 7 12 8 13 22 2B 30 16193
haemolytic

Enterobacteria 21 8 13 15 ¢ 20 4 24 P21 44 |33 |2@35
Oral streptococci 14 16 11 1 ] i 5 i 14 19 PR1 (1334
Total 95 | 107| 137 123 48 87 50 166 1P1 208 237 13809

Note — Details of bacteria names see Table 6

5.5 Trends in the species isolated

There was a change in the total number of speciaaglthe period and it was found that the
total species of microbes increased with respec¢heostudy period (p = 0.0284) except for a
substantial decrease during the years 2000 to 2002.

There was a steady increase in the number of aasasaerobic infections during the study
period.Moraxella catarrhalis andCorynebacterium sp. were isolated more frequently during the
initial study period. Greater number of cases ddgtdase-negativetaphylococci and Gram-
negative non-fermentative rods were isolated dutimgglast five years of the study. There was
not much variation in the number of isolatesHbfinfluenzae, oral streptococciS aureus, and

beta—haemolytistreptococci
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Table 6. Spectrum of bacterial species isolated from oiafacfections

Anaerobes
Actinomycesisradlii

Bacteroides fragilis

Bacter oides melaninogenicus
Bacteroides sp.

Bifidobacterium sp.
Fusobacterium sp.

Mobiluncus mulieris
Peptococcus sp.
Peptostreptococcus micros
Peptostreptococcus sp.
Porphyromonas endodontalis
Prevotella buccalis - non pigmented
Prevotella melaninogenica - pigmented
Propionibacterium propionicum
Propionibacterium sp.
Veilonella sp.

Enterobacteria

Citrobacter sp.

Enterobacter sp.

Enterococcus sp.

Escherichia coli

Escherichia coli haemolytica
Klebsiella oxytoca

Klebsiella pneumoniae
Morganella morganii

Proteus mirabilis

Proteus vulgaris

Serratia sp.

Gram negative non fermentative bacilli
Acinetobacter sp

Pseudomonas aer uginosa
Senotrophomonas maltophilia
Coagulase-negative staphylococci
Saphylococcus epidermidis
Saphylococcus plasmacoagulase negative
Oral streptococci

Alpha haemolyticStreptococcus
Streptococcus intermedius

Streptococcus milleri

Streptococcus pneumoniae

Beta haemolyticStreptococcus

Group A beta haemolyticStreptococcus
Group B beta - haemolytfareptococcus
Group C beta - haemolyti&reptococcus
Group F beta - haemolyti&reptococcus
Group G beta - haemolytireptococcus
Non AB beta - haemolytitreptococcus
Corynebacterium sp.

Corynebacterium pseudodiphteriae
Others

Saphylococcus aureus

Haemophilus influenzae

Moraxella catarrhalis
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5.6 Antimicrobial Susceptibility Results

In general-lactam antibiotics like meropenem and ampicilincombination witt-lactamase
inhibitor, macrolide antibiotics like azithromycirand roxithromycin, third generation
cephalosporins like ceftizoxime and cefoperazongh vi-lactamase inhibitor (sulbactam),
fluoroquinolones like ofloxacin and other drugselikitrofurantoin, mupirocin and teicoplanin
demonstrated high levels of antimicrobial activiymong the different antibiotics used in the
study, the maximum resistance was shown by firsteggion cephalosporins like cefazolin
followed by B-lactam antibiotics like ticarcillin, azlocillin, napicillin and other drugs like
metronidazole, cotrimoxazole, tetracycline andlagmycin. These results are presented in table

7. Antibiotic susceptibility values for each speacie this study are indicated in tables 8 to 17.

Table 7. Percentage of susceptible bacterial strainstibiatics

Cefazolin 51.5 | Amikacin 97.1
Ticarcillin 63.0 | Clindamycin 97.2
Azlocillin 63.6 | Chloramphenicol 97.2
Ampicillin 78.0 | Cefepime 97.4
Metronidazole 82.1 | Vancomycin 97.8
Cotrimoxazole 81.6 | Ceftazidime 98.0
Tetracycline 84.7 | Levofloxacin 98.0
Erythromycin 88.7 | Ciprofloxacin 98.4
Ampicillin/ sulbactam 90.5 | Amoxicillin/ clavulanic acid | 98.5
Aminopen/ inhibitor 90.5 | Piperacillin/ tazobactam 98.8
Cefoperazone 90.9 | Cefoxitin 98.9
Ticarcillin/ inhibitor 91.7 | Imipenem 99.8
Colistin 91.8 | Ampicillin/ inhibitor 100
Oxacillin 92.2 | Azithromycin 100
Lincomycin 92.6 | Cefoperazone/ sulbactam 100
Cefuroxime 92.8 | Ceftizoxime 100
Cefotaxime 93.2 | Furantoin 100
Gentamicin 94.0 | Meropenem 100
Netilmicin 94.7 | Mupirocin 100
Piperacillin 94.7 | Ofloxacin 100
Cephalothin 95.0 | Teicoplanin 100
Penicillin 95.9 | Roxithromycin 100
Spiramycin 96.2
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1. Obligate Anaerobes

Among the 1609 strains of microbes studied, 346ewaligate anaerobes and were highly
susceptible to amoxicillin/clavulanic acid combipat 94.1% were susceptible to penicillin.

Bacterial isolates (n=4) tested were susceptibleryghromycin also. Available data for 336

isolates of obligate anaerobes demonstrated thstwere highly susceptible to imipenem while

2 strains exhibited decreased susceptibility (5@8o)etracycline. All the 9 strains tested of

obligate anaerobes were resistant to gentamiciss ltkan 1% resistance was observed with

chloramphenicol, cefoxitin, and clindamycin. Thes&ies are presented in table 8.

Table 8. Antibiotic susceptibility pattern of obligate amakes

Obligate anaerobes

Atb N S (%)
GEN 9 0.0
TET 4 50.0
MTZ 322 83.5
PEN 339 94.1
CLI 341 99.4
CFT 344 99.4
CMP 344 99.7
ERY 4 100.0
AMOK 346 100.0
LIN 4 100.0
IMP 336 100.0
CFTX 6 100.0

Atb- abbreviation of antibiotic; n- number of tedt&rains; S- % of susceptible strains

2. Oral streptococci

Oral streptococci remained highly susceptible téor@mphenicol, vancomycin, amoxicillin/
clavulanic acid and teicoplanin but less susceptibl cotrimoxazole (66.3%) and tetracycline
(71.6%). Isolates also exhibited good susceptybibit penicillin (95.9%), clindamycin (96.7%)
and ampicillin (98.7%) (See table 9).
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Table 9. Antibiotic susceptibility pattern of oral streptmci

Oral streptococci

Atb n S (%)
MTZ 2 0.0
CoT 102 70.6
TET 122 73.0
ERY 109 93.6
PEN 120 96.7
CLI 40 97.5
AMP 93 98.9
CMP 132 99.2
GEN 1 100.0
AMOK | 30 100.0
FUR 2 100.0
CIP 1 100.0
API 6 100.0
CFT 3 100.0
IMP 3 100.0
VAN 95 100.0
OXA 1 100.0
TEI 20 100.0
PIPT 3 100.0

Atb- abbreviation of antibiotic; n- number of te$t&rains; S- % of susceptible strains

3. Staphylococcus aureus andbeta-haemolyticStreptococcus

The antibiotic susceptibility ad®taph. aureus strains was as follows: 92% to tetracycline, 93.2%
to erythromycin, 97.2% to chloramphenicol, 98.4%lit@omycin, 99.3% to gentamicin, and
99.4% to cotrimoxazole. Isolates $fph. aureus were highly susceptible to all the other tested
antibiotics. All the tested antibiotics worked wigllthe case of beta-haemolytic streptococci (See
table 10 & 11).

48



Table 10.Antibiotic susceptibility pattern ditaphylococcus aureus

Atb N | S(%)
TET 174 920
ERY 176 93.2
CMP 141 972
LIN 124  98.4
GEN 137 99.3
coT 176 99.4

AMOK 76  100.0
FUR 1 1000
ol 47  100.0
CIP 82  100.0
AP 95  100.0
CFT 57  100.0
VAN 138 100.0
OXA 176  100.0
TEI 65  100.0
CEF1 1 1000
OFL 1 1000
MUP 1 100.0

Atb- abbreviation of antibiotic; n- number of tedt&rains; S- % of susceptible strains

Table 11. Antibiotic susceptibility pattern of beta-haentatyStreptococcus

Atb N S (%)
SPI 78 96.2
CLI 108 96.3
ERY 190 98.4
TET 24 100.0
CMP 23 100.0
CoT 21 100.0
AMOK 62 100.0
AMP 70 100.0
PEN 193 100.0
VAN 23 100.0
TEI 2 100.0
CEF1 90 100.0
AMPI 1 100.0
AMPS 18 100.0

Atb- abbreviation of antibiotic; n- number of tedt&rains; S- % of susceptible strains



4. Coagulase-negative staphylococci

Coagulase-negative staphylococci were highly sugde{100%) to amoxicillin/ clavulanic acid
(n=38) and teicoplanin (n=64). They were less sudue to erythromycin (68.9%) while the
rest of the antibiotics tested were 75% or moreeptible (See table 12).

Table 12. Antibiotic susceptibility pattern of coagulase-agge staphylococci

Atb N | S @)
ERY 119 689
TET 120 750
coT 118 805
OXA 112 839
CLI 54 852
LIN 66  86.4
GEN 112 938
CIP 79  96.2
CMP 114 965
CFT 61 984
API 86 988
VAN 114 991
AMOK 38 100.0
AMP 1 100.0
TEI 64  100.0
SPI 1 100.0

Atb- abbreviation of antibiotic; n- number of tedt&rains; S- % of susceptible strains

5. Gram-negative non-fermentative bacilli

Gram-negative non-fermentative bacilli were higbilysceptible to cefoperazone/ sulbactam and
colistin. The susceptibility rates to ampicillirefotaxime and tetracycline were 7.7 %, 30%, and
50% respectively. In a few cases, piperacillinaridlin, ofloxacin, netilmicin and azlocillin
were very effective. However, some strains of Gragative non-fermentative rods were

unsusceptible to certain drugs like cefuroxime egfdzolin. (See table 13).
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Table 13. Antibiotic susceptibility pattern of Gram-negatinen-fermentative rods

Atb N S (%)
CMP 3 0.0
AMOK 1 0.0
CFX 9 0.0
CEF1 1 0.0
CFN 12 0.0
AMP 13 7.7
CETX 10 30.0
TET 10 50.0
API 8 62.5
CoT 12 75.0
GEN 23 87.0
CFM 16 87.5
TICI 9 88.9
CFP 10 90.0
CFA 16 93.8
PIPT 16 93.8
IMP 17 94.1
LVF 18 94.4
AMI 20 95.0
CIP 21 95.2
COoL 22 100.0
PIP 1 100.0
TIC 2 100.0
CFPS 17 100.0
OFL 1 100.0
NET 5 100.0
AZL 1 100.0

Atb- abbreviation of antibiotic; n- number of tedt&rains; S- % of susceptible strains

6. Haemophilusinfluenzae

Azithromycin, cefuroxime, aminopen/ inhibitor, amaiin/ clavulanic acid, chloramphenicol
and in a small number of cases ampicillin/ inhibgbowed strong antimicrobial activity against
H. influenzae. However, some strains oH. influenzae showed greater resistance to

cotrimoxazole, tetracycline, and ampicillin. (Sable 14)
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Table 14. Antibiotic susceptibility pattern diiaemophilus influenzae

Haemophilus influenzae
Atb n S (%)
COoT 263  79.8
TET 316 98.1
AMP 319 98.1
CMP 80 100.0
AMOK 123 100.0
API 194 100.0
CFX 234 100.0
AZT 293 100.0
AMPI 3 100.0

Atb- abbreviation of antibiotic; n- number of te$t&rains; S- % of susceptible strains

7. Enterobacteria

Enterobacteria were highly susceptible (100%) tegdrlike piperacillin/ tazobactam and third
and fourth generation cephalosporins like cefoperaz sulbactam and cefepime, respectively.
Imipenem, piperacillin, vancomycin, and teicoplaaiso exhibited high antimicrobial activity
against Enterobacteriaceae. More than 75% of e®latere susceptible to several other drugs
including amoxicillin/ clavulanic acid. High ordesf resistance (69.7%) to ampicillin was
observed. The bacteria was less susceptible (< Z6%hcomycin, azlocillin, erythromycin,
aminopen/ inhibitor, first generation cephalospsricephalothin and cefazolin), tetracycline and

ticarcillin. (See table 15)
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Table 15. Antibiotic susceptibility pattern of enterobaceeri

Atb n S (%)
CFT 0 0.0
OXA 2 0.0
AMPS 2 0.0
ROX 1 0.0
AMP 165 30.3
LIN 2 50.0
CEF1 6 50.0
AZL 7 57.1
ERY 19 57.9
API 94 59.6
CFN 134 60.4
TET 162 70.4
TIC 18 72.2
AMOK 33 78.8
CFX 107 86.0
CMP 79 86.1
COL 132  90.2
CcoT 158 90.5
NET 57 94.7
AMI 100 97.0
GEN 142 97.2
CETX 133  97.7
CFA 71 98.6
LVF 77 98.7
CIP 112 99.1
PEN 1 100.0
FUR 1 100.0
IMP 55 100.0
VAN 29 100.0
TEI 12 100.0
PIP 30 100.0
CFPS 58 100.0
OFL 4 100.0
PIPT 59 100.0
MEP 4 100.0
CFP 1 100.0
CFM 56 100.0
TICI 3 100.0

Atb- abbreviation of antibiotic; n- number of te$t&rains; S- % of susceptible strains



8. Moraxella catarrhalis and Corynebacterium species

All isolates belonging tdMoraxella (Branhamella) catarrhalis were susceptible to tetracycline,
chloramphenicol, amoxicillin/ clavulanic acid, amiflin and aminopenicillin/ inhibitor. Most of
the strains ofCorynebacterium were susceptible to the antibiotics tested extmpbne resistant

strain each for oxacillin, erythromycin, lincomycand cotrimoxazole (See table 16 and 17).

Table 16. Antibiotic susceptibility profile oMoraxella catarrhalis

Atb  |n S (%)
VAN 5 0.0

ERY 5 600
PEN 4 750
TET 5  100.0
CMP 5  100.0
AMOK 3 100.0
AMP 5  100.0
AP 1 100.0

Atb- abbreviation of antibiotic; n- number of te$t&rains; S- % of susceptible strains

Table 17.Antibiotic susceptibility profile ofCorynebacterium sp.

Atb N S (%)
CFT 0 -
OXA 2 50.0
ERY 3 66.7
LIN 3 66.7
CoT 4 75.0
TET 4 100.0
CMP 3 100.0
GEN 4 100.0
AMOK 2 100.0
AMP 2 100.0
CIP 2 100.0
API 2 100.0
CFX 1 100.0
VAN 3 100.0
TEI 1 100.0
CETX 1 100.0
CFN 1 100.0
PIP 1 100.0
NET 1 100.0

Atb- abbreviation of antibiotic; n- number of te$t&rains; S- % of susceptible strains
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6.DISCUSSION

6.1 Bacteriological profiles

The majority of suppurative odontogenic infectiaagpolymicrobial in nature and consists of
both mixed aerobic and anaerobic bacteria (64183) with anaerobes two to four times greater
in proportion than aerobes (157,158,25,10,1,9961265,166). Only very few long-term studies
have examined the species distribution profilesgamtler dominance in oral infections. The aim
of this retrospective study was to investigate ghevalence of bacterial speciesoral samples

of patients with suspected orofacial infection mépg at the Dept of Dentistry (1996-2007), the
species distributionf bacteriato assess the sex and species specific relatioddntogenic and
non-odontogenic infections. A total of 678 cultpesitive patients were included in this study
with 1609 strains comprising of 48 different spsdsolated (see table 6). The total number of
species of microbes isolated in this study was .higbwever, a substantial decrease in the
number occurred during the years 2000 to 2002 whehy be attributed to change in
methodology. Nearly 52 different types of isolatere identified from the specimens. 18.1% of
microorganisms were isolated from the throat, 1628t salivary glands and 14.1% from

abscesses.

Age and gender

This study showed an age distribution between 2%dngkears, with a mean age of 41.2 (£ 18.03)
years among males and 43.7 (x 19.5) years amonglésmThis is in partial agreement with
earlier studies comprising of 25-35, 20-29, and7@3years age groups (85,10,71). The
proportion of males and females in the study wemparable (p 0.082). These findings are in
agreement with earlier studies (85,78,43,123).clidas caused byl. catarrhalis, anaerobedH.
influenzae, oral streptococ¢i Staph. aureus, coagulase-negativestaphylococci and beta
haemolytic Sreptococcus were slightly higher among females and enterolbiacti® males,
however this differences in percentage distributibrsolates among either genders did not show

statistical significance.
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Spectrum of microorganisms

Isolates comprised of predominantly facultative eanbes. Facultative anaerobes and obligate
anaerobes accounted for 78.5% (n= 1263) and 21r59846) respectively. The most frequently
isolated facultative anaerobe were identified Hs influenzae (N=320, 19.9%) followed by,
enterobacteria (n=235, 14.6%), beta-haemol§ieptococcus spp. (N=193, 12%)Japh. aureus
(n=176, 10.9%), coagulase-negatstaphylococci (n=122, 7.6%), oral streptococci (3;16.8%),
and Gram-negative non-fermentative rods (n=40, 2.5%dowever M. catarrhalis and
Corynebacterium sp. were the least common. This is in contrast siudy by Heimdahl et al that
demonstrated predominance of obligate anaerobe®&kteroides, Prevotella and Fusobacterium
(73). Earlier studies by other investigators haaportedPor phyromonas, Prevotella, Fusobacterium,
Peptostreptococcus, and streptococci, to be the major pathogenic bactsolated from dental
infections (61,164,6,73,143,95,107,20).

Study of oral infections by Hunt and co-workers destrated the prevalence of 57% streptococci,
34% staphylococci and 15% anaerobic bacteria (F8hlen et al. reporteStaph. aureus, coliform
bacteria andKlebsiella in majority of their cases whil&reptococcus pyogenes, H. influenzae,
Pseudomonas or other gram-negative aerobic bacteria were obsein some cases (34). The results
of this study are in agreement with the finding®bligate and facultative anaerobes by Kuriyama et
al. (94). In their study involving 664 strains igtdd from dentoalveolar infections, periodontitisl a
pericoronitis, the majority of the isolates belodg® viridans streptococciPeptostreptococcus,

Gemella, pigmented and nonpigmentBdevotella, Porphyromonas, andFusobacterium.

Enteric gram-negative rods, have been isolated frommal oral flora in 27.9% cases with
enterobacteria accounting for 57% of isolates siualy by Sedgley et al (167). These strains have
also been found in immunocompromised persons undeyghemotherapy (58). The proportion of
enterobacteria varies depending on the consumpficmontaminated food and water and personal
hygiene (172,7). In this study enterobacteria liK&robacter, Enterobacter, Enterococcus,
Escherichia coli, E. coli haemolytica, Klebsiella oxytoca, Kl. pneumoniae, Morganella morganii,
Proteus mirabilis, and P. vulgaris were more commonly isolated. In a study by Gorezlet al
enteric rods likeEnterobacter cloacae (7 strains)E. aerogenes (1 strain),Pantoea (Enterobacter)

agglomerans (1 strain), Serratia marcescens (5 strains),Klebsiella pneumoniae (1 strain) and

56



Citrobacter freundii (1 strain) were isolated from periodontal pockefspatients with chronic
periodontitis. The isolation of pathogens likecoli, KI. pneumoniae andPs. aeruginosa from mouth
that may cause opportunistic infections in respmattract especially in patients who are
immunocompromised highlights the importance of yeatentification of these potentially harmful

microorganisms (62).

6.2 Antimicrobial susceptibility profiles

Most odontogenic orofacial infections are causestipminantly by anaerobes but there have been
only a few long-term studies that have examinedbtheteriologic and antimicrobial susceptibility
profiles in oral infection. Currently there are el surveillance programs involving a large number
of countries across the globe to monitor the awmtiofiial susceptibility profiles of microorganisms
isolated from blood, urine and other specimens. éi@w similar profiling for oral specimens is yet
to take shape and a serious move in this directsidong due. Administration of antibiotics through
oral or other routes affect the microbiota throughthe body and hence it will be useful to compare

the susceptibility profiles of oral bacteria.

Obligate anaerobes

In this study, obligate anaerobes did not showstasce to amoxicillin/ clavulanic acid which is
similar to the observation reported by Lana etl@R] wherein all the facultative anaerobic bacteria
isolates (34 strains) and majority of obligate anbes (52 of 54 strains) showed high susceptibi

In another study by Fosse et al, amoxicillin witavallanic acid worked well against Gram-negative
bacilli like Prevotella except for the presence of one R3-lactamase pnogstrain (54)Prevotella
spp. is known to demonstrate resistance to peni@bmmonly (90,3) and this resistance has been
found to be similar for both pigmented and non-pegted species (93).

In this investigation obligate anaerobes showedhdrigsusceptibility to penicillin (94.1%) and the
majority of obligate anaerobic strains were susbépto all the drugs tested, with the exception of
tetracycline and gentamicin. Similar observationsravmade by Kuriyama et al. wherein the
susceptibility rates to penicillin G féteptostreptococcus, Porphyromonas, andFusobacterium were

86%, 100%, and 89% respectively while 72% of pigreérand 82% of nonpigmented strains of

Prevotella showed high susceptibility (94). Certain studibsvg that inPrevotella the resistance
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mechanisms against tetracycline are geneticallgrdehed like thg-lactam-resistance (54,100).

In this study it was observed that third generatiephalosporin like ceftizoxime worked very well
against all the strains whereas 2 of 342 strain®ldigate anaerobes were resistant to second
generation cephalosporin like cefoxitin. Greatetimaicrobial activity of the newer generation
cephalosporins than the older ones may be attdbtdethe higher stability of the former in the

presence of-lactamases (116).

Other drugs which proved equally effective weretlegymycin and lincomycin. Most of the strains
were also susceptible to chloramphenicol. Metrarotia and clindamycin were also effective and
this is in agreement with the reports by other stigators (98). Thus the high susceptibilitypto
lactam antibiotics favours their continued usehi@ nanagement of infections by obligate anaerobic

strains.

Oral streptococci

In this study, oral streptococci exhibited 95.9%captibility rate to penicillin. This is in contta®
certain other studies where only 77% of viridame@bcocci were susceptible to penicillin G (94).
All the tested strains in this study were also sp8ible to other drugs except for some resistaace t

cotrimoxazole, tetracycline, erythromycin, peniaillclindamycin and ampicillin.

There have been conflicting reports in the literattegarding the efficacy of penicillins against
viridans streptococci anfétlactamase—producing anaerobes (94,61,164,6,733,52). In a study by
Kuriyama et al most anaerobes and facultative abasr (especially viridans streptococci) were
susceptible to penicillin excepB-lactamase—positivePrevotella. They reported that viridans
streptococci and majority of the strains ldisobacterium were resistant to erythromycin while
anaerobes were susceptible to clindamycin (94palients who have penicillin allergy, alternative
drugs like erythromycin and clindamycin are admamed. (61,164,6,73,143,95). Their effectiveness
make them suitable for orofacial infections in spelients. In contrast to the bacteriologic dabenfr
other studies (94), this study showed that 92%ralf streptococci were susceptible to erythromycin.
Previous studies have shown that the serum cortEmr of the R-lactam antibiotics and

erythromycin is greater than that achieved in #ilesa (178,133,74,46). However oral streptococcal
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species have been found to be susceptible to ItactBm antibiotic concentrations in the saliva
(178,133).

Clindamycin was effective against both oral streptmi and obligate anaerobes which is in
agreement with the study by Kuriyama et al (94)e Thgh bactericidal activity of clindamycin
against p-lactamase—producing bacteria coupled with theiilitgbto achieve high alveolar
concentrations (78) and clinical efficacy at theammended dosage (164) make them more suitable
for treating infections by-lactamase—producing obligate anaerobes (61,1&4183,51). There is

an inhibitory action on the formation @tlactamase (163) and greater host defence achiened
administration of clindamycin (59,110,70). Antibassociated colitis, the major side effect,
restricts the use of clindamycin to treat sevesd mffections or where treatment with penicillinsha
been ineffective (94,61,6).

Previous studies showed that viridans streptogcoPeptostreptococcus, Porphyromonas, and
Fusobacterium were highly susceptible to cefazolir’(generation cephalosporin) and cefmetazole
(2" generation cephalosporin). However some straiti® @fotella showed lower susceptibility only
to cefazolin (94). Similar to the above observatiaan high susceptibility of obligate anaerobes and
few strains of oral streptococci to cefoxitin"{2jeneration cephalosporin) were observed in this
study. Cephalosporins show cross-reactivity withactam antibiotics and hence should not be
administered to patients with immediate hyperseatisitreactions to penicillin (116). However the
broad spectrum and strong bactericidal action agaral pathogens make them drugs of choice in

the treatment of dental infections (116).

This study also showed an increased resistanegraxycline similar to other studies (61,6), bwtlor
streptococci showed 71.6% susceptibility to tetciing. However in another study, minocycline
worked well against viridans streptococci and stanaerobic bacteria which is attributed to its

powerful bacteriostatic effect than tetracycling,@180).

The results also demonstrated that alpha haemoSttieptococci were highly susceptible to
erythromycin, penicillin, ampicillin, vancomycin buesistance was noted against tetracycline,

cotrimoxazole and chloramphenic8l.pneumoniae and other alpha-haemolytic streptocddéil1,89)
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are known to transfer resistance traits to eackroffhis inter-species transfer of resistance genes

poses great concern in the treatment of resistahs.

Although some strains among oral streptococci weststant to penicillin (4.1%) and ampicillin
(1.3%), all the strains of alpha-haemolytic streptwi and, beta-haemolytic streptococci tested
against penicillin and ampicillin were highly suptible while cephalosporins were equally effective
for oral streptococci and beta-haemolytic streptecdn another study by Teng et al, among the 207
isolates of alpha-haemolytic streptoceaecluding Streptococcus mutans, S. salivarius, S. oralisand

S mitis, only S mutans showed no resistance to penicillin (185). Potgieteal. reported that a few
strains ofS. mitis were not susceptible to penicillin, aminoglycositike gentamicin, kanamycin and
tobramycin (145).

Several other studies have also demonstrated diskgpof S. mutans to penicillin, amoxicillin,
trimethoprim, tetracycline and erythromycin (84% &f S. salivarius strains, 20% of. mitis strains
and 35% ofS oralis strains demonstrated resistance to penicillinniotlzer study (185). It has been
reported that greatest resistance to penicillideisionstrated b$. oralis andS. mitis in comparison

to other members of alpha-haemolytic streptocd®i).

Hunt et al. reported susceptibility of streptocaoccampicillin, cephalothin, and penicillin (78). &h
results in this investigation are in agreement Wik above study as ampicillin, cephalosporins and
penicillin worked well against oral streptococcndabeta-haemolytic streptococdiowever, in
contrast to their study, the present study redaitad a greater antimicrobial activity of erythrocny

against all the tested streptococcal species.

Staphylococci

In this study, coagulase-negative staphylocatmwed a 98.4% susceptibility to cephalosporin
agents like cefoxitin (second generation cephalospavhile all isolates ofStaph. aureus (n=57)
tested with cefoxitin (second generation cephalospaand only 1 of the isolate tested with
cephalothin (first generation cephalosporin) wersceptible. This is in agreement with a previous
study by Jacobson et al (81).
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Overall 31.1% of coagulase-negative staphyloc@ru 6.8% ofStaph. aureus were resistant to
erythromycin. Staphylococcus aureus demonstrated greater antimicrobial activity to tlested
antibiotics than the coagulase—negative staphytcatigher resistance in the range of 50% for
streptococcal and staphylocococcal species hadakso reported in a study by Hunt and coworkers
(78).

In the case of tetracycline, lower susceptibiliigsddemonstrated by all the tested staphylococchal an
streptococcal strains except beta-haemolytic sioggti. On the contrary, all the above strains
showed higher susceptibility for chloramphenicoleri@in studies have shown a decrease in
susceptibility of oral microbiota to minocycline llfmaving administration of minimal dose of

minocycline. This reveals that antibiotic concemtra is closely related with the development of
resistant strains within the members of the oratrafiiota (181,135). All the streptococcal and
Saph. aureus strains were highly susceptible to amoxicillindwllanic acid and vancomycin. Only

one vancomycin resistant strain of coagulase negataphylococci was detected.

Gram-negative non-fermentative bacilli

Antimicrobial agents like ciprofloxacin, colisticgfoperazone/ sulbactam tested in this study were
highly effective against Gram-negative non-fermewmabacilli. In another study by Sots et al.,
ciprofloxacin worked well againsEnterobacter cloacae, Kl. pneumoniae, Ps. aeruginosa, KiI.
oxytoca and Enterobacter agglomerans (169). In this study all the 3 cases of Gram-nggaton-
fermentative bacilli were found to be resistantctdoramphenicol. Although chloramphenicol is
cheap and has broad spectrum of activity, highsrateside effects and adverse reactions prompt the
clinicians to use this agent as a reserve-drug torlysevere and CNS infections (152). Very few
strains of Saph. aureus, enterobacteria, Gram-negative non-fermentatives roested against

ofloxacin were all found to be susceptible.

Haemophilus influenzae

In this studyH. influenzae showed high susceptibility to cefuroxime which nieeyattributed to the
inhibition of their adherence to the buccal epitiecells by cefuroxime (82). The resistance
mechanism inH. influenzae has been attributed to chromosomal mutation arahgds in the

penicillin binding proteins (PBPs) by interspediesombination resulting in decreased susceptibility
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to p-lactam antibiotic (26,44). In this study, 98.1%Hbfinfluenzae were susceptible to ampicillin.
Isolates ofH. influenzae did not show resistance to azithromycin, cefuraimminopen/ inhibitor,
amoxicillin/ clavulanic acid, chloramphenicol angh@icillin / inhibitor. In a study by Guggenbichler
& Kastner it was noted that there was longer cgeriaf resistant strains following therapy with
azithromycin for upper respiratory tract infectionchildren in comparison to clarithromycin (65,40)
The microorganisms in their investigation compriggéds. pneumoniae, S. pyogenes, H.influenzae,

M. catarrhalis, Sviridans, Ssalivarius, etc. This selection and/or persistance of resisgtains of
commensal and pathogenic microbiota following pngled exposure to antibiotics is an area of

increasing concern (40).

Enterobacteria

In this study, Enterobacteriaceae were suscepbbdephalosporins, imipenem and fluoroquinolones
like ciprofloxacin, levofloxacin and ofloxacin, waia high level of resistance was seen against
ampicillin (69.7%), amoxicillin/ clavulanic acid 12%), tetracycline (29.6), and chloramphenicol

(13.9%). This is similar to the findings by Gongadwet al. in which 93-75% of the enteric rods were
susceptible to cephalosporins and aztreonam buiveshaesistance to tetracycline (25%), and

chloramphenicol (18-8%). Susceptibility of Entercteaiaceae to ciprofloxacin and norfloxacin has

also been reported by Barbosa et al (7).

However, there was high susceptibility to gentami®7.2%), amikacin (97%) in contrast to the
findings by Gongalves et al (62). In this studysptibility was also seen to penicillin while avfe
cases were erythromycin-resistant which is simtara study by Stillerman et al (176). The
susceptibility to cotrimoxazole was 90.5%. Highisence to ampicillin (69.7%) and amoxicillin/
clavulanic acid (21.2%) seen in this study may tigbated to B-lactamase activity whereas the
resistance to ampicillin, azlocillin, ticarcillinnd susceptibility top-lactam antibiotics like
piperacillin / tazobactam, may be explained by pineduction of a nonextended spectrum beta-
lactamase by the enterobacteriResults for enterobacteria demonstrated that tiaae greater

susceptibility to the 8 and 4" generation cephalosporins.

Overall 99.1% susceptibility rate was seen agasimbfloxacin. In a study by Slots et al, 50% of

strains comprising oEnterobacter cloacae, Kl. pneumoniae, Ps. aeruginosa, Kl. oxytoca and
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Enterobacter agglomerans were highly susceptible to ciprofloxacin (169).

Moraxella catarrhalis and Corynebacterium species

Susceptibility rate of 100% was evident in all loé isolates belonging to species IMecatarrhalis
for tetracycline, chloramphenicol, amoxicillin/ eldanic acid, ampicillin and aminopen/ inhibitor. A
few isolates were resistant to erythromycin, pdimcand cotrimoxazole. This is in partial agreemen
with another study (119).

Most of the strains oforynebacterium were susceptible to the antibiotics tested inclgdimpicillin
and amoxicillin/ clavulanic acid, except for onesistant strain each for oxacillin, erythromycin,
lincomycin and cotrimoxazole. In another study,thé strains oCorynebacterium were susceptible
to penicillin G, ampicillin, amoxicillin, erythrongmn, lincomycin, clindamycin, kanamycin and

vancomycin (183).

This study cohort comprised of a mixed collectidpatients and the microorganisms were subjected
to a standard set of antibiotics with additionaks# antibiotics used depending on the susceibil
profiles of the data. These have lead to difficitgirect comparison of susceptibility profilestiamn

each individual species as different sets of antiits were used to determine the most appropriate
drug of choice for treatment of orofacial infectsoon a case by case basis. Besides, there can be a
difference in then vivo andin vitro activity of antibiotics (103). However, the preserof numerous
causative organisms for orofacial infections hightithe need for appropriate antimicrobial agent to
treat these infections (20,96,97).
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/. CONCLUSIONS

The microorganisms most commonly implicated in orofadrgections in this study were
facultative anaerobes likélaemophilus influenzae and enterobacteria followed bgbligate
anaerobes. The predominance of facultative anaerdoécteria and the presence of obligate
anaerobes reveal the complex polymicrobial natéiedontogenic and non odontogenic lesions.
Both sexes had equal predilection for the diseaddlzere had been no significant change in the
male/ female ratio over the 11 year study pericalwveler, there had been an increase in the total
number of bacterial species. In future, large-sca# bacteriological surveillance programmes
are required to corroborate the results of thegorestudy.

Obligate anaerobes were highly susceptible to namsibiotics including penicillins while
resistance to gentamicin and tetracyline was net@dng these species. Greater than 95%
susceptibility was demonstrated by oral streptoctz@-lactam antibiotics in comparison to
erythromycin and broad-spectrum drugs like tetrliegcand cotrimoxazole. However, most
isolates of alpha and beta-haemolytic streptocstooived greater susceptibility to antimicrobials
than the oral streptococcal species. The susckytitate of coagulase-negative staphylococci
was significantly lower than that of th&aphylococcus aureus strains although both groups
exhibited greater susceptibility felactam antibiotics than broad spectrum drugs. iBbtecteria
showed the highest susceptibility to piperacilliazobactam, third and fourth generation
cephalosporins, whereas there was unusually higigtaece to ampicillin. Gram-negative non-
fermentative bacilli were more susceptible to thigeheration cephalosporins and polypeptide
antibiotics. Isolates oH. influenzae were susceptible to a wide range Bfactams, broad-
spectrum antibiotics like chloramphenicol and seeganeration cephalosporinMoraxella
catarrhalis and Corynebacterium species were also found to be susceptiblepdactam

antibiotics.

The findings in this study suggest thgtlactam antibiotics are still the mainstay in the
antimicrobial management of orofacial infectionstlasy are effective in eradicating strict and
facultative anaerobes but appropriate and ade@uniigiotic regimen on a case-specific basis is

essential to prevent the emergence of resistaneatimicrobials in future. Towards this goal,
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large scale surveillance programs will help in ioypng patient outcome and formulating public

health policies.
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8. CLINICAL IMPLICATIONS OF THE
STUDY

Significance of the Study

The bacteriological and antibiotic susceptibilityofdes in this study can help the clinical
microbiologist and the dental practitioner to maketional choice of appropriate antibiotic drug
therapy and the study highlights the importancepadmpt and accurate microbiological

investigation in the management of oral infection.
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