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ABSTRACT

The colonization and antimicrobial susceptibility of P. intermediaand P. gingivalisisolated from peri-implant
and gingival sulcus sampleswere determined. Samples were collected from 30 patients submitted to implant
inthreedifferent times: at the moment of the surgery, 20 and 60 days after theimplant installation. Organisms
wereidentified by using abiochemical testsor APl 32-A kit and by PCR. Theantimicrobial susceptibility was
determined by using an agar dilution method. Nineteen P. intermedia (4 from peri-implant sites and 15 from
gingiva sulcus), and only seven P. gingivalis from gingival sulcus were isolated. Organisms were detected
by PCR from seven peri-implant and 32 gingival samples. Bacteria were susceptible to the used antibiotics
except to azithromycin with 65% of resistance for P. intermedia strains. Both tested species were susceptible
to cadmium, nickel and palladium, and showed different resistance ratesto titanium, aluminum and mercuric
chloride. Most of P. intermedia strains were resistant to lead, silver, copper, titanium, zinc, aluminum and
mercuric chloride. Bacteria colonized implants after 60 days of surgery and PCR may be used as atool for

bacterial detection inimplantology.
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INTRODUCTION

Dental microbial biofilm hasanimportant roleintheetiology
of the periodontal diseases and peri-implantitis, and it has been
estimated that approximately 415 bacteria speciesarelocaizedin
the subgingival plague (5,16). Species related to periodontal
infections, such as Actinobacillus actinomycetemcomitans,
Fusobacterium nucleatum, Tannerella forsythensis (Bacteroides
forsythus), Porphyromonas gingivalis, Prevotella intermedia
and spirochetes have also been identified from symptomatic
infected implants (11,15). In contrast, successful implants or
hedlthy sites harbor a high percentage of Sreptococcus spp.,
Actinomyces spp. and Capnocytophaga ochracea.

Dental implants have several designs and contain different
materials such as pure titanium, alloys of titanium containing

aluminum and vanadium, alloys of cobalt and chromium,
aluminum oxide, and gold (10).

Bacterial infectionisthe mainreason of failing implant after
osseointegration, but it can also happen due to the used
installation techniques or excessive oclusal force (9). However,
becauseinfectionisamajor barrier to the long-term function of
implants, the survey of the specific microbiota around healthy
and failing implants is important (17). It is known that a high
prevalence of putative periodontopathogens in the pockets
around dental implants of periodontal patients should indicate
an increased risk of infection (9) and Prevotella spp. and
Porphyromonas spp. are the most often isolated.

The molecular techniques for detection and identification of
periodontopathogens represent an option for the microbiological
control inimplantology. A polymerase chain reaction (PCR) has
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been used for the direct detection of periodontal pathogensfrom
subgingiva clinical samples(4). However, detection of periodontal
organismsin Brazilian dentistry is till not aroutine.

Studies have shown an increase of resistance in Prevotella
spp. and Porphyromonas spp. Resistant to severa antibiotics,
particularly, B-lactams, erythromycin, clindamycin, metronidazole,
and tetracycline (1,8). Moreover, many metals and alloys used
as dental materials express an antibacterial effect mediated by
the release and dissolution of the metal ions, but the metal
antibacterial effect depends onthe metal ionsreleaseinterfering
with the bacterial metabolism (7).

Considering the participation of black-pigmented gram-
negative strict anaerobic rods in the different oral infectious
processes, and because little information is known about the
interaction of different metals from implants on specific oral
organisms, the isolation and identification of Prevotella and
Por phyr omonas species from osseointegrated implants, in three
different times, and their antimicrobial susceptibility were
evaluated in this study.

MATERIALSAND METHODS

Patients

Thirty partially edentulous adult patients (14 male and 16
female) aged 35 - 60 years old (mean age 45.8 years) without
clinical signsof periodontal disease and with at |east three healthy
teethin the dentdl archto placetheimplantswere selected. Patients
were previously submitted to the anamnesis and appropriate
clinical examssuch asradiographies, computerized tomographies
and blood counts. None patient showed pathologies or disorders
against theindicated implant installation surgery and they were
not using antibiotics during the three months prior to the
surgery. Moreover, patients were not in periodontal treatment.

At the moment of implant placement, a prophylaxis using
dental cream and dental thread in all remaining teeth, aswell as,
mouthfulswith chlorhexidine digluconate solution (0.12%) for
1 minutewas performed. Patientsreceived Branemark implants
by one-step operative technique according to Bernard et al. (6).

Bacteriological examination

Implanted and gingival (control) sites were isolated with
cotton rolls and supragingival plaque was removed by using
sterile cotton pellets. Subgingival plague samples from peri-
implant and gingival sulci (healthy adjacent teeth) were collected
at threedifferent clinical times. Thefirst samplewas collected at
the moment of the surgery, the second sampl e collected from 25
to 30 days after the implant installation and the third sample
wastaken 60 days after surgery. Clinical sampleswere obtained
by using three sterilized paper points (No. 40, Endpoints Ind.
Ltd., Riode Janeiro, RJ, Brazil), inserted to the depth apical site
from peri-implant or gingival sulci, and left in placefor 60 seconds
(3). The paper points were transferred to 3.5 mL of prereduced
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VMGA 111 (12) and aliquots of 0.1 mL of diluted sampleswere
inoculated, in duplicate, onto blood brucellaagar supplemented
with 1 pg/mL menadione, 5 ug/mL hemine and 40 pg/mL
kanamycin, and incubated in jars containing 90% N, and 10%
CO,, at 37°C, for 10 days.

Black-pigmented colonies were characterized according to
the colony and cellular morphologies, Gram-stain and
fluorescenceto ultra-violet light, and identified by conventional
biochemical tests or by using aRAPID 32-A identification kit
(bioMérieux, Sao Paulo, SP, Brazil). Moreover, a bacterial
identification by using aPCR technique was performed. All the
isolated strains were stored at -80°C and lyophilized.

PCR amplification

DNA extraction. From each collected samplein VMGA 111,
300 pL were mixed with 300 uL of sterilized ultra-pure water
Milli-Q, and three-times washed (10,000 g, 5 minutes). Pellet
was suspended in 300 uL of water, homogeni zed and boiled for
10 minutes. Finaly, samples were centrifuged (14,000 g, 10
minutes) and the supernatant (DNA) was used as template.

DNA amplification. Amplifications were performed using
specific primer pairs according to Ashimoto et al. (2). Primers
for Pintermediawere: 5-TTT GTT GGG GAGTAAAGC GGG-
3 and5-TCAACATCTCTGTATCCT GCGT-3",andfor P.
gingivalis: 5- AGG CAGCTT GCCATACTG CG-3 and5'-
ACT GTTAGCAACTACCGA TGT - 3. DNA amplification
was performed in afinal volume of 25 L, containing 2.5 uL
(10 X PCR buffer), 1.25 uL of MgCl, (50mM), 1.0 uL of dNTP
mixture (0.2 mM), 1.0 uL of each primer (0.4 uM), 0.25 uL of Taq
DNA polymerase (0.5 U), 8 uL of water and 10 uL of template.
Amplificationswere performed in atermocycler (Perkin Elmer,
Gene Ampl PCR System 9700), programmed for 1 cycle of 94°C
(5 minutes); 30 cycles of 94°C (30 seconds), 55°C or 60°C
according to each primer pairs (30 seconds), 72°C (30 seconds);
lcycleof 72°C (5 minutes). PCR productswere analyzed by 1%
agarose gel electrophoresisat 70V, for 2.5 hours. Gel wasstained
with 0.5 pg/mL ethidium bromide and photographed with a
Digital Kodak Science System-DC-120. 1-kb DNA ladder
(Invitrogen) was used as amolecular weight marker.

Antimicrobial susceptibility testing

Antibioticand metal susceptibilitieswereperformed by using
an agar dilution method asrecommended by the NCCL S (1997)
inWilkins-Chalgren agar with antibiotic concentrationsranging
from 0.25t0 512 ug/mL, and metal concentrationsranging from
0.01 M t00.0001 M. Theantibioticswere asfollows: amoxicillin,
ampicillin, clindamycin (Luper Ind. Farm. Ltd., SP, Brazil.),
azithromycin (Pfizer Ind. Farm. Ltd., SP, Brazil), amoxicillin +
clavulanic acid (Smithkline Beecham Ltd., RJ., Brazil),
chloramphenicol (Prodotti Lab. Farm. Ltd., SP, Brazil),
erythromycin and tetracycline (Extratus Farm., Pr, Brazil),



metronidazole (Alquimia Farm., SP, Brazil), and penicillin V
(Wyeth-Whitehall Ltd., SP, Brazil). Themetalswere asfollows:
lead chloride (9PbCl;) and cadmium sulfate (3CdS0,..8H,0)
(Vetec Ltd., RJ, Brazil), silver nitrate (AgNQs), copper sulfate
(CuSQ,), nickel sulfate (NiSO,.6H,0), titanium dioxide (TiO,),
zincsulfate (ZnS0,.7.H;0), palladium chloride (PdCl.), potassum
auminum sulfate [AIK (SO4)..12H.Q], and mercuric chloride
(HgCly) (Labsynth Prod. Lab. Ltd., SP, Brazil). Inoculaof 10° cfu
were delivered for a Steers replicator. The glass Petri dishes
wereincubated in anaerobiosis, 37°C for 72 hours. The minimal
inhibitory concentration (MIC) was defined as the lowest
concentration of each agent resulting in no growth or one
discrete colony. Reference strains P. intermedia ATCC 25611
and P. gingivalis ATCC 33277 were included as controls in
each test run. The used breakpoints for antibiotics were as
recommended by NCCLS (14) and for metalswas 0.001 M in
accordance with Riley and Mee (18).

Statistical analyses
A statistical analysesusing aChi-sgquaretest was performed.

RESULTS

A total of 26 isolates belonged to 19 P. intermedia and 7 P.
gingivaliswasrecovered from peri-implant and gingival samples.
From 73 peri-implant samples, only four (5.48%) samples
harbored 4 P. intermedia strains. No P. gingivalis strain was
isolated. Moreover, from 73 gingival samples, 9 (12.33%)
harbored only 15 P. intermedia strains and one (1.37%) sample
harbored 7 P. gingivalis strains.

Organisms were detected by PCR in seven (9.59%) peri-
implant and in 32 (43.84%) gingival samples. A comparative
detection of P. intermedia and P. gingivalis using culture and
PCRindifferent collectiontimesisshowed in Table 1. Bacterial
detection by PCR in the different collection times for gingival
sampleswas more effective than by culture (P < 0.05). However,
no statistical differenceswere observed in the bacterial
detection from peri-implant samples by using both
methods (P > 0.05). Black-pigmented anaerobic rods
were isolated and identified at the 3 time of the
collection (60 days after the implant installation) by
culture and PCR methods. Although, these organisms

P. intermedia and P. gingivalis in dental implants

and P. gingivalis strains were resistant to titanium, aluminum
and mercuric chloride (12.5%) (Table2).

DISCUSSION

Prevotella spp. and Porphyromonas spp. are strictly
anaerobic organisms and commonly isolated from human oral
and extra-oral infections (11). Studies have showed that
presence of P. intermedia and P. gingivalis has an important
rolefor unsuccessful of dental implant (13,19). Inthisstudy, the
occurrence of P. intermedia and P. gingivalis as colonizers of
osseointegrated implants and healthy gingival sites of the
adjacent to implants was eval uated.

As expected P. intermedia and P. gingivalis were not
observed inthetwo first collection times but they were observed
after 60 days after the implant installation (Table 1). Certainly,
these organisms colonizing theinstalled impl antswere bel onged
to subgingival biofilm. In Brazil, studies about the presence of
black-pigmented gram-negative strict anaerobic rods such as P.
intermedia and P. gingivalis in patients with dental implants
have not been observed. Moreover, microbiological data
regarding the role of those organisms plays in the success or
unsuccessful of implants and for choosing the best treatment
for peri-implantitisis needed.

In Brazil the isolation and identification of anaerobic
organisms in dental laboratories or periodontology and
implantology clinics are not routine procedures. On the other
hand, several methods for the bacterial identification and
detection from subgingival plaque have been used.

The PCR detection for these organismsfrom collected samples
was better than culture method (P < 0.05). Therefore, it is
suggested that the PCR may be used to help avoiding the hard
and time-consuming process of purification of black-pigmented
colonies before employing any identification methods.

P. intermedia and P. gingivalis are usually resistant to
antiseptics and antibiotics. However, antibiotics such as

Table 1. Detection of black-pigmented gram-negative strict anaerobic
rods from peri-implant tissue and healthy tissue, adjacent to theimplant,
in different times of the collection, by using a culture and PCR methods.

were alsoisolated and identified from healthy sitesin

NC and (%) of positive samples

all the collection times by usi ng both methods. Clinicad in different times of collection

A high resistance rate to azithromycin (65%) was Samples
only observed for P. intermedia. However, P. (No) Culture R
gingivalis strains were susceptible to this drug. 1 2d 3¢ 1 2 3¢
Moreover, no organism showed resistance to other Implant (73) 0 0 4(5.48) 0 0 7(959)

antibiotics (data not shown). On the other hand, P.
intermedia strains showed resistance rates to lead

Tooth(73) 4(548) 2(274) 4(548) 12(164) 8(109) 12(16.4)

(35%), silver (50%), copper (45%), titanium (60%), zinc
(25%), d uminum (85%) and mercuric chloride (35%),

1% time: at the moment of the implant installation; 2™ time: 20 days after the
implant installation; 3 time: 60 days after the implant installation.
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Table 2. Metal activity for P. intermedia and P. gingivalis strains  aluminum showed a poor activity against the tested
recovered from healthy peri-implant and healthy tissues adjacent tothe  organisms(Table 2).

implant. In conclusion, our data suggest that P. intermedia
and P. gingivalis species were able to colonize the
Metalst MIC (M) Resistance peri-implant sites, three months after the implants
Range 50% 9% (%) expositionto oral environment andit is also suggested
- - - aperiodic evaluation of the antimicrobial susceptibility
P-intermedia (19strains) to antibioticsand heavy metals. Moreover, abacterial
9PbCl, <0.00025-0.0005  0.0005  0.256 35 molecular detection could represent a new tool for
3CdS0,.8H,0 <0.00025 <0.00025 <0.00025 0 bacterial detection inimplantology.
AgNO; <0.00025-0.016 0.002 0.016 50
CuSO, <0.00025-0.008 0.001 0.008 45
NiSO4.6H,0 <0.00025-0.002 <0.00025  0.002 0 ACKNOWLEDGMENTS
TiO, <0.0005-0.128 0.128 0.128 60 . .
ZnS0.,.7H,0 <0.00025-0.256 0.002 0.256 25 Theauthorsthank Dr KatyaMoreirafor collecting
PdCl, <0.00025 <0.00025 <0.00025 0 theclinical samplesand MrsZulmiraAlvesde Souza
AIK (S0,),.12H,0 <0.00025-0.008 0.004 0.008 85 for her technical support. This study was granted for
HgCl, <0.00025-0.008 0.002 0.004 35 Fundag&o de Amparo & Pesquisa do Estado de Séo
P. gingivalis (7 strains) Paulo (FAPESP) Proc. No. 00/09742-0.
PbCl, 0.005 0.005 0.005 0
3CdS0..8H,0 <0.00025  <0.00025 <0.00025 O RESUMO
AgNO; 0.002 0.002 0.002 0 . .
CuSO, <0.00025-0.001 <0.00025  0.001 0 Prevotella intermedia e Porphyromonas
NiS0..6H,0 <0.00025-0.002 <0.00025  0.002 0 gingivalisisolados deimplantes
TiO; <0.0005-0.128  0.0005  0.128 125 osseointegrados: colonizagdo e
ZnS0..7H,0 0.001-0.002 0.001  0.002 0 susceptibilidade a antimicrobianos
PdCl, <0.00025 <0.00025 <0.00025 0
HgCl, <0.00025-0.004  <0.00025 0.004 125

susceptibilidade aantimicrobianos de P. intermedia e

Breakpoint used for all metals was 0.001 M.

P. gingivalisisolados de amostras de sulcus gengivais

{(9PbCl,) lead chloride; (3CdSO,.8H:0) cadmium silfate; (AGNO;) silver nitrate;  €Peri-implantares. Asamosirasforam coletadas de 30
(CuS0,) copper sulfate; (NiSO..6H,0) nickel sulfate; (TiO,) titanium dioxide;  pacientes submetidos a implantes, em trés tempos
(ZnS0,.7H,0) zinc sulfate; (PACl,) palladium chioride; [AIK (SO,),.12H.0] diferentes: no momento dacirurgia, 20 e 60 dias ap6s

potassium aluminum sulfate; (HgCl,) mercuric chloride.

metronidazole, azithromycin and B-lactam antibiotics plus -
lactamaseinhibitors, are still generally active against Prevotella
and Porphyromonas species (1). In our study, both the tested
microorganisms were susceptible to all the used antibiotics,
except to azithromycin with 65% of resistance, only for P.
intermedia isolates.

The resident oral microbiota is constantly exposed to
antimicrobial agents, including heavy metals, as observed in
dental prosthesis, restorations, creams, mouth rinses and
implants. However, the action mechanisms of several chemical
agents including the metals on microorganisms have been
studied, but their real inhibitory action remainstill unclear (10).
Moreover, metals can act as oxidant of important enzymes and
proteins of the bacterial metabolism (18).

Recent studies have showed a selective activity of silver
nitrate, gold, titanium and cobalt against P. gingivalis, P.
intermedia, and A. viscosus (10). In this study, titanium and
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a instalacdo do implante. Os organismos foram

identificados por testes bioquimicos ou por kit

comercial APl 32-A e por PCR. A susceptibilidade
antimicrobianafoi determinada usando-se 0o método de diluicéo
em &gar. Foram isolados dezenove P. intermedia (quatro de peri-
implantites e 15 de sulco gengival) e somente sete P. gingivalis
desulco gengival. Pelo PCR os organismosforam detectados de
sete amostras sete peri-implantares e de 32 gengivais. As
bactérias foram susceptiveis aos antibi 6ticos usados exceto para
azitromicina com 65% de resisténcia para P. intermedia. As
espéciesavaliadasforam sensiveisparacadmio, niquel epaladio,
emostraram diferentesfaixasderesisténciaparatitanio, aluminio
ebicloreto de mercdrio. A maioriade P. intermediafoi resistente
parachumbo, prata, cobre, titénio, zinco, aluminio ebicloreto de
mercurio. As bactérias colonizaram implantes apds 60 dias de
cirurgiae PCR pode ser usado como ferramenta paraa deteccéo
bacteriana naimplantodontia.

Palavras-chave: Porphyromonas gingivalis, Prevotella
intermedia, implantes, susceptibilidade antimicrobiana
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