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Abstract

Jacinto RC, Gomes BPFA, Shah HN, Ferraz CC, Zaia AA,

Souza-Filho FJ. Incidence and antimicrobial susceptibility of

Porphyromonas gingivalis isolated from mixed endodontic

infections. International Endodontic Journal, 39, 62–70, 2006.

Aim To investigate the prevalence of Porphyromonas

gingivalis in root canals of infected teeth with periapical

abscesses and to investigate the antimicrobial suscep-

tibility of this species to some frequently prescribed

antibiotics.

Methodology Samples were obtained from 70 root

canals of abscessed teeth. Microbial sampling, isolation

and bacterial identification were accomplished using

appropriate culture methods for anaerobic species. The

antimicrobial susceptibility of the 20 strains of

P. gingivalis isolated was determined by using the

E-test. The antimicrobial agents tested were amoxicil-

lin, amoxicillin + clavulanate, azythromycin, benzyl-

penicillin, cephaclor, clindamycin, erythromycin,

metronidazole and tetracycline.

Results A total of 352 individual strains, belonging

to 69 different species, were isolated. Eighty three

percent of the strains were strict anaerobes and 47.5%

of the isolated bacteria were Gram-negative. Porphyro-

monas gingivalis was found in 20 root canals and was

most frequently found in symptomatic cases. Statisti-

cally, the presence of P. gingivalis was related to

purulent exudates and pain on palpation (both

P < 0.05). All P. gingivalis strains were sensitive to

amoxicillin, amoxicillin + clavulanate, cephaclor, clin-

damycin, benzylpenicyllin, metronidazole and tetracyc-

line. The lowest range of minimum inhibitory

concentration (MIC) (0.026–0.125 lg mL)1) was

observed against amoxicillin + clavulanate and clinda-

mycin. The lowest MIC 90 was observed against

clindamycin (0.064 lg mL)1). One strain was resistant

to erythromycin and eight strains were resistant to

azythromycin.

Conclusion Porphyromonas gingivalis pathogen is

isolated with frequency from root canals of infected

teeth with periapical abscesses. Amoxicillin, as well as

amoxicillin–clavulanic acid and benzylpenicillin were

effective against P. gingivalis.

Keywords: anaerobic bacteria, antibiotics, antimi-

crobial susceptibility, endodontic infection, Porphyro-

monas gingivalis.

Received 2 August 2004; accepted 20 September 2005

Introduction

Odontogenic infections, such as periapical abscess, are

generally polymicrobial and dominated by anaerobic

bacteria. Although several different microorganisms

can colonize the root canal system, some specific

species have been related to features of perirradicular

diseases. Porphyromonas gingivalis, for instance, has

been associated with symptomatic periradicular lesions,

including abscessed teeth (Sundqvist et al. 1989, Rocas

et al. 2002).

Porphyromonas gingivalis is a nonfermentative black-

pigmented Gram-negative, obligate anaerobic rod

(Shah & Collins 1988), which has its primary
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ecological niche in the human oral cavity and is well

known as an important periodontopathogen (Van

Winkelhoff et al. 1988). However, this microorganism

is frequently present in root canal infections and other

odontogenic abscesses of patients not suffering from

periodontal disease, which confirms its pathogenic hole

(Sundqvist et al. 1989). Porphyromonas possesses a

large number of putative virulence determinants,

which suggests it may be one of the most pathogenic

species found in the oral cavity. These include fimbriae,

haemagglutinin, capsule, lipopolysaccharide (LPS),

outer membrane vesicles and powerful hydrolytic

enzymes activities that can perturb host defence

mechanisms as well as initiate tissue destruction

(Mayrand & Holt 1988).

Although clinical isolates of P. gingivalis tend to be

susceptible to most antimicrobial agents and generally

do not produce b-lactamase, relatively little informa-

tion is available on its in vitro antibiotic susceptibility.

Furthermore, antibiotic resistance among anaerobes is

continuously increasing which may be related to the

selective pressure exerted by the use of antibiotics.

The determination of in vitro antimicrobial suscepti-

bility can be important in certain situations, for

example, to monitor patterns of susceptibility and

resistance in the population and to aid in the selection

of an appropriate antibiotic when indicated in endo-

dontic treatment. The E-test has been evaluated for

determining minimum inhibitory concentration (MIC)

of various antimicrobial agents against anaerobic

bacteria and shown to be appropriate (Bolmstrom

1993).

Hence, the purpose of this study was to investigate

the prevalence of P. gingivalis in root canals of infected

teeth with periapical abscesses and to investigate the

antimicrobial susceptibility of this species to some

antibiotics frequently prescribed by clinicians.

Material and methods

Patients and clinical examination

This study was based on 70 patients who attended the

State University of Campinas – UNICAMP for emer-

gency treatment because of infection of the root canal.

The human Volunteers Research and Ethics Committee

of the Dental School of Piracicaba approved the study,

and all patients signed an informed consent.

The selection of the patients was determined by the

dental history as well as clinical and radiographic

examination. The following features were noted for

each patient: age, gender, tooth and pulpal status,

nature of pain, previous pain, tenderness to percussion,

pain on palpation, mobility, presence of a sinus tract

and its origin, presence of swelling of the periodontal

tissues, depth of periodontal pocket, previous antibiotic

therapy and internal condition of the root canal (e.g.

presence of clear, haemorrhagic or purulent exudates).

Patients with acute or chronic periapical abscess, who

had not received antibiotic therapy in the last

6 months, excluding pathology associated to periodon-

tal disease, were selected for this study.

Specimen sampling

At the time of sampling, every effort was made to

ensure aseptic surgical techniques. A rubber dam was

used to isolate the tooth, which had the restorations

and carious tissue completely removed previously. The

tooth and surrounding field were then cleansed with

30% hydrogen peroxide and decontaminated with a

2.5% sodium hypochlorite solution for 30 s each,

followed by neutralization of the solution with 5%

sodium thiosulphate. In multirooted teeth the largest

canal was sampled, in order to confine the microbial

evaluation to a single ecological environment. Access

preparations were made using sterile burs without

water spray. After initial entry to the pulp space, the

enlargement of the root canal was established with

minimal instrumentation, where possible, and without

the use of any irrigant. A sterile paper point was then

introduced into the full length of the canal, based on

diagnostic radiographs, and held in place for 60 s. If the

root canal was dry, a small amount of sterile saline

solution was introduced into the canal. Four sequential

paper points were then placed to the same level and

used to soak up the fluid of the canal. As previously,

each paper point was retained in position for 60 s.

A sterilized prereduced transport fluid (RTF) (Syed &

Loesche 1972) was used to transport the sample to the

laboratory and immediately processed. All culture

procedures were accomplished under an anaerobic

atmosphere, consisting of 80% nitrogen, 10% hydro-

gen and 10% carbon dioxide, at 37 �C.

Microbial isolation and identification

The isolation and identification of the microorganisms

was performed using culture techniques for phenotypic

characterization as described previously (Gomes et al.

1994, 2004, Jacinto et al. 2003). In summary, the

samples were vortexed for 60 s and diluted with
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Fastidious Anaerobe Broth (FAB; Lab M, Bury, UK) by

10-fold serial dilution to 10)4 in the anaerobic cham-

ber. A volume of 50 lL of each dilution was spread

onto 5% defibrinated sheep blood Fastidious Anaerobe

Agar (FAA; Lab M) containing 5 mg mL)1 of haemin

(final concentration of 5 lg mL)1) and 1 mg mL)1 of

vitamin K1 (final concentration of 1 lg mL)1). Select-

ive culture media were also used. The plates were

incubated at 37 �C in an anaerobic atmosphere for up

to 14 days. The same dilutions were plated in 5% sheep

blood Brain Heart Infusion (BHI) agar (Oxoid, Basing-

stoke, UK), and incubated aerobically at 37 �C. All

aerobic cultures were examined at 24–48 h, whereas

anaerobic cultures were kept for at least 2 weeks but

examined for growth every 3 days.

Preliminary characterization of microbial species was

based on their growth in the anaerobic chamber, in the

aerobic incubator and also in 5% CO2 incubator (IG

150 CO2 incubator; Jouan SA, Saint-Herblain, France),

colonial pigmentation and morphology, Gram-stain

and catalase production.

Biochemical tests were used for the primary speci-

ation of individual isolates as follows: Rapid ID 32 A

(BioMérieux SA, Marcy-lÉtoile, France) for strict anaer-

obic rods; API Staph (BioMérieux SA) for staphylococci

and micrococci; Rapid ID 32 Strep (BioMérieux SA) for

streptococci; Rapid ID NH System (Innovative Diag-

nostic Systems Inc.) for Eikenella, Haemophilus, Neisseria

and Actinobacillus; and API C Aux (BioMérieux SA) for

yeasts. Miniapi software (BioMérieux SA) was used to

automatically read ID 32 tests and visually-read API

range tests BioMérieux.

Additional tests were performed to ensure the iden-

tification of the black pigmented Porphyromonas and

Prevotella sp., including fluorescence under long-wave

(366 nm) UV light – Black-Ray lamp, model UVL-56

(UVP Inc., San Gabriel, CA, USA); lactose fermentation

by the application of the fluorogenic substrate

4-methylumbelliferyl-b-galactoside (M-1633; Sigma

Chemical Co., St Louis, MO, USA), and the determin-

ation of proteinase activity by use of the synthetic

fluorogenic peptide (Alcoforado et al. 1987, Slots

1987).

Specific identification of Porphyromonas sp. using

Matrix-Assisted Laser Desorption/Ionization Time-of-

Flight Mass Spectrometry (MALDI-TOF-MS) (Waters

Corporation, Manchester, UK). MALDI-TOF-mass spec-

tral analysis of strains was carried out as described

previously (Keys et al. 2004). Reference strains of

Porphyromonas spp. from the National Collection of

Type Cultures (Porphyromonas gingivalis NCTC 11894,

Porphyromonas endodontalis NCTC 13058 and Porphy-

romonas asaccharolytica NCTC 9337) were grown at

37 �C on Fastidious Anaerobe Agar (FAA) plated and

incubated in anaerobic conditions. Small amounts of

growth from the surface of several single colonies on an

agar plate was removed with plastic loops and spread

evenly over the surface of the wells of the target plate.

Twelve replicates were analysed per sample. One

microlitre matrix solution containing acetonitrile,

water and methanol (1 : 1 : 1), 0.01 m 18-crown-6

ether, 0.1% formic acid (v/v) saturated with a-cyano-4-

hydroxy-cinnamic acid at a concentration of

14.0 mg mL)1. This was then added over the sample

wells and allowed to air dry. Matrix solutions were

sonicated in a sonic bath (Ultrawave Ltd, Cardiff, UK)

for 10 min prior to application. Lock mass wells were

spotted with 1 lL of a 1 : 1 mixture of a-cyano and

peptide mixture. The peptide mixture contained bra-

dykinin, angiotensin I, glu-fibrinopeptide B, rennin,

ACTH (18–39 clip), all at 1 pmol lL)1, bovine insulin

2 pmol lL)1 and ubiquitin 10 pmol lL)1. All reagents

unless otherwise stated were from Sigma, Gillingham,

UK. Mass spectral analysis and comparative analysis

were as described previously (Keys et al. 2004).

Antimicrobial susceptibility test

Susceptibility of the P. gingivalis strains isolated was

determined by the MIC of amoxicillin, amoxicil-

lin + clavulanate, azythromycin, benzylpecinicillin,

cephaclor, clindamycin, erythromycin, metronidazole

and tetracycline using the E-test system (AB BIODISK,

Solna, Sweden) according to the user’s manual.

Colonies were suspended in Brucella broth to achieve

a density corresponding to 1.0 McFarland turbidity

standard. A cotton wool swab soaked in the inoculum

was used to inoculate the surface of plates containing

5% defibrinated sheep blood Brucella agar enriched

with 5 mg mL)1 of haemin and 1 mg mL)1 of vitamin

K1. The E-test strip was applied separately to the centre

of the plate with the high MIC end towards the edge of

the plate. The plates were then immediately incubated

in an anaerobic chamber (Don Whitley Scientific,

Shipley, UK) for 24–48 h. After growth had occurred,

an ellipse of inhibition was seen around the strip. At the

point of intersection of the ellipse with the strip, the

MIC was read from the interpretative scale provide (AB

BIODISK, Solna, Sweden). The MICs of the antibiotics

that inhibited 50% and 90% of the isolates were

calculated and expressed as MIC50 and MIC 90. MIC

less than or equal to the breakpoints recommended by
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the National Committee for Clinical Laboratory Stand-

ards (NCCLS) were considered susceptible; those above

the breakpoints were considered resistant.

Results

This study evaluated 70 root canals from different

patients (range 10–64 years old) with acute or chronic

periapical abscesses. Twenty patients had no pain at

the moment of sampling and seven were assympto-

matic. Signs and symptoms observed were spontaneous

pain (n ¼ 50), tenderness to percussion (n ¼ 49), pain

on palpation (n ¼ 41), swelling (n ¼ 33), exudate

(n ¼ 40), presence of endodontic sinus tract (n ¼ 9).

Radiographically, it was possible to observe periapical

radiolucent areas in all cases selected for sampling.

A total of 352 individual strains, belonging to 69

different species, were isolated from the 70 cases, and

cultivable bacteria were found in all of them. A

maximum of nine species per root canal was found.

Eighty-three percent of the strains (293/352) were

strict anaerobes and could be found in 68 of 70 root

canals. Gram-negative strains were found in 67 of 70

root canals composing 47.5% of the isolated bacteria.

Specific attention was given to the identification of

P. gingivalis. Here isolates were further characterized

using MALDI-TOF – mass spectrometry (MALDI-TOF-

MS). Significant mass ions at 803 (+2 daltons) and

837.6–844.1 daltons characterized members of the

genera Porphyromonas. However, unique signal mass

ion for each species was apparent. P. gingivalis had

1723.4 and 1760.9 daltons, P. endodontalis had

1111.1 and 1322 daltons while P. assacharolityca

possessed distinguishing mass ions at 2118.4 and

2732.2 daltons (Fig. 1).

Porphyromonas gingivalis was found in 20 root

canals, all of them with mixed infections dominated

by obligate anaerobes (93.5%) and Gram-negative

bacteria (62%). In the root canal infections where

P. gingivalis was isolated, four different species were

found on average. The species most commonly associ-

ated with P. gingivalis was Fusobacterium necrophorum

(n ¼ 11). Porphyromonas gingivalis was most frequently

found in symptomatic cases. Statistically, the presence

of P. gingivalis was related to purulent exudates and

pain on palpation (both P < 0.05).

Other black-pigmented rods were found associated to

P. gingivalis such as P. endodontalis, P. intermedia,

P. denticola, P. loescheii and P. corporis. All species

associated with P. gingivalis are shown on Table 1.

All P. gingivalis strains were sensitive to amoxicillin,

amoxicillin + clavulanate, cephaclor, clindamycin,

P.  endodontalis NCTC 13058

P.  asaccharolytica NCTC 9337 
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Figure 1 Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry mass spectral profiles of Porphyromonas

gingivalis, Porphyromonas endodontalis and Porphyromonas asacharolytica.
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benzylpenicyllin, metronidazole and tetracycline. The

lowest range of MIC (0.026–0.125 lg mL)1) was

observed against amoxicillin + clavulanate and clinda-

mycin. The lowest MIC 90 was observed against

clindamycin (0.064 lg mL)1). One strain was resistant

to erythromycin, and eight strains were resistant to

azythromycin (Table 2).

Discussion

Current evidence indicates that endodontic infections

are directly associated with bacterial invasion into the

dentine, root canal system and periradicular tissues.

Treatment is largely dependent on the chemo-mechan-

ical removal of infected pulp and dentine debris to

prevent re-infection. Failure rates because of contam-

ination are variable (11–20%) (Smith et al. 1993, Field

et al. 2004, Kojima et al. 2004). It is evident that an

understanding of the infecting microflora is essential for

elucidating the pathogenic mechanisms involved in

disease development. Consequently over the years, the

composition of the flora has been studied (Van

Winkelhoff et al. 1985, Sundqvist et al. 1989, Gomes

et al. 1994, Rocas et al. 2002) and accumulating

evidence indicates that some taxa such as Porphyro-

monas spp., which produce a plethora of virulence

factors, may be significant contributors to the develop-

ment of endodontic infections. Van Winkelhoff et al.

(1985) found Porphyromonas endodontalis in 53% and

Porphyromonas gingivalis in 12% of periapical abscesses

with endodontal origin. In this study, all root canals

presented mixed infections dominated by anaerobic

bacteria, with a high incidence of Porphyromonas spp.,

especially P. gingivalis. In common with other members

of the genus, P. gingivalis is nonfermentative and

cannot be delineated by conventional biochemical

tests, which are based upon carbohydrate fermentation

tests. Here, its identity was confirmed by its unique

signal mass ions revealed by MALDI-TOF mass spectr-

ometry (Fig. 1). Figure 1 shows a comparison of the

mass spectral profiles of these closely related species.

Although Haapasalo et al. (1986) did not find a

relationship between endodontic symptoms and the

presence of black pigmented Bacteroides, they isolated

the asaccharolytic oral species P. gingivalis and

P. endodontalis only in acute infections. P. gingivalis

may be involved in the induction of acute periapical

lesions and sometimes long-standing fistulae associated

Table 1 Bacterial species found in 20 infected root canals

where Porphyromonas gingivalis was isolated

Bacterial species No. of strains

Fusobacterium nucleatum 11

Eubacterium limosum 4

Prevotella oralis 4

Gemella morbilorum 4

Micromonas micros 3

Anaerococcus prevotii 3

Veillonella spp. 3

Prevotella loescheii 2

Clostridium butyricum 2

Porphyromonas endodontalis 1

Prevotella intermedia 1

Prevotella buccae 1

Prevotella corporis 1

Bacteroides fragilis 1

Bacteroides ureolyticus 1

Peptostreptococcus anaerobius 1

Eubacterium limosum 1

Fusobacterium necrophorum 1

Actinomyces viscosus 1

Clostridium sporogens 1

Propionibacterium acnes 1

Streptococcus sanguis 1

Streptococcus anginosus 1

Streptococcus constellattus 1

Table 2 Antimicrobial susceptibility of

20 Porphyromonas gingivalis strains

isolated from 70 root canals
Antimicrobial agent

MIC

(lg mL)1)

MIC range

Percentage of

susceptibility

Number of

resistant strains50% 90%

Amoxicillin 0.016 0.125 0.016–1.0 100 0

Amoxicillin + clavunate 0.016 0.064 0.016–0.125 100 0

Azythromycin 0.25 2.0 0.016–12.0 60 8

Benzylpenicillin 0.023 0.125 0.016–1.0 100 0

Cephaclor 0.064 0.125 0.016–0.19 100 0

Clindamycin 0.016 0.047 0.016–0.125 100 0

Erytromycin 0.19 1.5 0.016–4.0 95 1

Metronidazolea 0.125 0.75 0.016–1.5 100 0

Tetracycline 0.032 0.75 0.016–2.0 100 0

aAntimicrobial susceptibility of 18 Porphyromonas gingivalis strains (the results of two

strains against metronidazole were not included as they could not be verified).
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with periapical infections refractory to conventional

therapy (Tronstad et al. 1987). Rocas et al. (2002)

found P. gingivalis in 30% of teeth with primary root

canal infections associated with symptoms and Gomes

et al. (2004) found associations between Porphyromas

spp. and tenderness to percussion, swelling and wet

canals. Sundqvist et al. (1989) examined teeth with

asymptomatic periapical destruction and teeth with

acute periapical inflammation. Porphyromonas gingivalis

spp. were recovered from all teeth with acute exacer-

bation but not from any tooth free of pain. In the

present study, P. gingivalis was most frequently found

in symptomatic cases, being statistically related to

purulent exudates and pain on palpation.

In the root canal infections where P. gingivalis was

isolated, four different species were found on average.

The activities of neighbouring populations act as

external factors affecting the dynamics of growth and

the physiological behaviour of that population,

resulting in negative pressure or beneficial relation-

ships (Gharbia & Shah 1993, Gomes et al. 1994).

Gharbia et al. (1989) have shown that the proteolytic

degradation by P. gingivalis is enhanced by the

addition of peptidase-producing species such as Fuso-

bacterium nucleatum. Furthermore, F. nucleatum pref-

erentially incorporates peptides rich in glumate, when

compared with the higher affinity of P. gingivalis for

aspartate may contribute to the coexistence and

interaction of both species (Gharbia & Shah 1991).

Such data supports the results of the present

research, where F. nucleatum was the bacterium

most frequently found associated with P. gingivalis.

Close statistical association between F. nucleatum and

P gingivalis isolated from root canal infections has

also been reported (Jung et al. 2000).

Porphyromonas gingivalis is one of the most patho-

genic species among the group of black-pigmented

Gram-negative anaerobes (Sundqvist 1993). The mor-

phology of the cell surface of P. gingivalis has been

examined in a number of studies. The capsule and LPS

are located external to a typical Gram-negative outer

membrane, and have antigenic, haemagglutinating

and adherence activities (Okuda et al. 1991). It has

been shown that P. gingivalis is the only black

pigmented bacteria that possesses cell-bound colla-

genolytic enzymes, contributing to the high pathogenic

potential of this species (Sundqvist et al. 1987). Bone

destruction in the periapical area is a result of antigenic

stimulation from the canal. LPS-free, surface-associated

material extracted from P. gingivalis, i.e. capsular

material, S-layer, slime, fibrils etc. can inhibit bone

formation as well as stimulate bone resorption (Wilson

et al. 1993).

The therapeutic approach to endodontic infections is

similar to treatment of anaerobic infection in general.

Surgery plays a key role; debridement of necrotic tissue

and drainage of collections of pus are critical. However,

in some cases such as swelling, surface erythema,

trismus, fever, lymphadenopathy or if surgical treat-

ment cannot be performed because of the general

condition of the patient, antimicrobial therapy should

be considered with careful selection of the antibiotic to

be prescribed.

The establishment of drug susceptibility patterns in

pathogenic bacteria is an essential step for developing a

rational antimicrobial guideline. In dentistry, when the

use of antimicrobial drugs is necessary, the choice of

the antibiotic is based on susceptibility pattern research

drawn from the international literature.

It has been established that anaerobic bacteria can

cause a number of serious human infections, and that

they are becoming increasingly resistant to many

traditionally anti-anaerobic antibiotics currently in

use (Tamaka-bandon et al. 1995). Indeed, over recent

years, resistance to different antimicrobial agents has

been frequently described worldwide and the suscepti-

bility patterns are becoming less predictable (Bianchini

et al. 1997). These facts emphasize the need to study

frequently the susceptibility of anaerobic bacteria.

The epsilometer method (E-test) is a commercial test

based on the principle of a diffusion antimicrobial

gradient in agar medium as a mean of determining the

MIC. It is a plastic strip coated with an antibiotic

gradient on one side and an interpretative scale on the

other. Although acceptable correlation with the stand-

ard techniques has been reported (Citron et al. 1991,

Croco et al. 1995), some discrepancies have also been

described (Jorgensen & Ferraro 1998). This test differs

from other commercial methods in the flexibility of

drug selection. However, the expense is one of the main

limitations of this test. Nachnani et al. (1992), using

the standard agar dilution method as a control,

validated the E-test method for antimicrobial suscepti-

bility testing of freshly isolated periodontopathic micro-

organisms, including P. gingivalis, with standard strains

from the American Type Culture Collection (ATCC).

They found high percentage of agreement and high

sensitivity for all antibiotics for both groups of bac-

teria, documenting the potential feasibility of using

the E-test as a quick and useful method for testing anti-

microbial susceptibility for oral pathogens. Pajukanta

et al. (1994) also showed high agreement between
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reference-agar dilution method and the E-test, when

testing P. gingivalis against benzylpenicillin, ampicillim,

cefaclor, erythromycin clindamycin, metronidazole etc.

and as well as the drugs that were assayed in the

present study.

A significant level of resistance to clindamycin,

cephalosporins, penicillins and b-lactam antibiotics

has been reported among black-pigmented bacteria.

However, in this work almost all strains of P. gingivalis

isolated from infected root canals of teeth with periap-

ical abscesses were susceptible to the assayed drugs. In

addition, one strain was resistant to erythromycin and

eight strains were resistant to azythromycin. Resistance

of P. gingivalis to erythromycin (44%) was previously

reported by Chan & Chan (2003).

Resistance to metronidazole has not being reported

in the literature. In the present study two strains of

P. gingivalis were resistant to metronidazole. However,

such data are not shown in the results because the

experiment could not be repeated as these strains were

no longer viable and false positive results might have

occurred. The reason for the discrepancy usually is too

much oxygen present during the incubation, which is

the most usual mechanism for false resistant results

with metronidazole.

The high sensitivity of P. gingivalis to drugs was in

accordance with the results found by Pajukanta et al.

(1993, 1994), Kleinfelder et al. (1999, 2000), and Chan

& Chan (2003). Strains of Porphyromonas spp. were

susceptible to b-lactam antibiotics as well as to clinda-

mycin and metronidazole in the study of Behara-Miellet

et al. (2003). The results of Pajukanta et al. (1993)

indicated that b-lactamase production is currently not a

problem amongst clinical isolates of P. gingivalis.

Amoxicillin, a penicillin derivative with a broader

spectrum, has been indicated as the first drug of choice

in oral infections for patients without allergies. How-

ever, its broad spectrum is more than that required for

endodontic needs, and its use in a healthy individual

may contribute to the global antibiotic resistance

problem (Yingling et al. 2002).

Clindamycin is the first choice for patients with an

allergy to penicillin, but erythromycin can also be

chosen. In this study the MIC90 for clindamycin was

0.047 while for erytromycin was 1.5 lg mL)1.

Azithromycin is a new generation semisynthetic

macrolide derivative of erythromycin that has been

modified to create a broader spectrum of antibacterial

activity and improved tissue penetration. Nevertheless,

in this study, 40% of strains were resistant to azithro-

mycin. As the NCCLS has not yet set down the

breakpoint of this agent against anaerobic bacteria,

the present study considered the crevicular fluid

concentration for the antibiotic (0.5 lg mL)1) as a

breakpoint according to Carrasco et al. (1999). This

may explain the high percentage of resistance to this

antibiotic compared to the others for which the NCCLS

breakpoints were used.

Although the present results show a high suscepti-

bility pattern of the P. gingivalis strains, some resistance

was observed. Patterns of antibiotic resistance can

change over the years, making susceptibility testing

necessary and to enhance accurate selection of initial

antibiotic therapy, as an adjuvant to endodontic

treatment. As resistance cannot be prevented, attempt

must be made to modulate its progress by reducing

antibiotic use and restricting prophylaxis to where it is

of proven value.

Conclusion

The E-test method allowed easy and relevant suscep-

tibility testing against individual isolates of P. gingivalis

strains in the clinical microbiology laboratory. The

P. gingivalis pathogen was isolated with frequency from

root canals of infected teeth with periapical abscesses.

Therefore, attempts to monitor its susceptibility pattern

are paramount in avoiding selection of resistant strains.

Amoxicillin, which is the first choice penicillin, as well

as amoxicillin–clavulanic acid and benzylpenicillin

were effective against P. gingivalis.
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