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Resumo

Resumo

Os objetivos destes estudos foram: avaliar a contaminacdo de superficies de
equipamentos antes, durante e apds procedimentos clinicos odontoldgicos; determinar a
quantidade e a susceptibilidade de Staphylococcus aureus colhidos em ambiente clinico
odontolégico e avaliar a patogenicidade de infeccdes estafilococicas induzidas por S.
aureus ATCC 25923 sensivel a penicilina (PSSA) e S. aureus meticilina resistente (MRSA)
isolado em ambiente clinico odontologico e observar a eficicia da amoxicilina e
vancomicina contra esses microrganismos em um modelo de infeccdo em ratos. Material e
Métodos: Foram colhidas amostras através de swabs esterilizados de superficies de
diversos equipamentos: botdo de cadeira odontoldgica, seringa triplice, cone de raio-X,
tecla “Enter” de computadores, macganetas de porta e algcas de refletores, antes, durante e
depois de procedimentos clinicos. Essas amostras foram inoculadas em BHI agar,
incubadas a 37°C por 24 horas, contadas e classificadas usando técnica de Gram e testes
bioquimicos. Discos de papel contendo diversos antimicrobianos foram usados no teste de
susceptibilidade antimicrobiana para as cepas isoladas de S. aureus. As unidades
formadoras de colonias (UFC) foram contadas e analisadas atraves do testes de Kruskal-
Wallis e Dunn (alpha=5%). Para o modelo de infeccdo, 4 esponjas de poliuretano foram
colocadas no dorso de 180 ratos. Apds 14 dias, dois tecidos granulomatosos receberam
0.5ml de 10® ufc/ml de PSSA e MRSA. Dois dias depois, os ratos foram divididos em seis
grupos e os antimicrobianos foram administrados. Apds 6, 24, e 48 horas da administracio
das drogas, 10 ratos de cada grupo e periodo foram sacrificados. Os tecidos granulomatosos
infectados foram removidos e transferidos para tubos tipo eppendorf com 1 ml de 0.9%
NaCl e pesados. Os tecidos infectados foram entdo sonicados e inoculados em Salt
Mannitol Agar. Ap6s a incubagdo por 24h a 37°C, as colonias foram contadas
manualmente. As contagens de UFC e os pesos dos tecidos foram submetidos ao teste de
ANOVA multifatorial (alfa=5%). Resultados: Um aumento no nimero de microrganismos
foi observado durante os procedimentos clinicos (p<0.05). As maiores taxas de resisténcia
antimicrobiana foram observadas em relagdo aos beta-lactimicos. Todas as cepas de S.

aureus foram sensiveis a vancomicina € 2% das amostras foram resistentes a meticilina.



Resumo

Nao houve diferenca estatisticamente significativa entre os pesos dos tecidos ndo infectados
(p>0.05). Os grupos com tecidos infectados por MRSA mostraram os maiores valores de
peso de tecido e de contagem de microrganismos (p<0,05). As cepas (PSSA ou MRSA) ndo
afetaram as concentragdes séricas ou nos tecidos nao-infectados (p>0,05), mas reduziram
significativamente a concentracdo de amoxicilina no tecido infectado (p<0,05).
Conclusoes: Os procedimentos clinicos odontolégicos podem aumentar a contaminacgio
ambiental e conseqiientemente a propor¢do de S. aureus multirresistentes no ambiente
clinico odontolégico. A amoxicilina em dose Unica ndo foi capaz de interferir na infeccao
induzida pela cepa de S. aureus sensivel a penicilina. A cepa de S. aureus resistente a
meticilina, isolada do ambiente clinico, mostrou uma alta patogenicidade em comparacao
com a cepa sensivel a penicilina e, além disso, a mesma ndo foi erradicada por uma dose
unica de vancomicina.

Palavras-Chave: contaminacido ambiental, Staphylococcus aureus, contaminagdo cruzada, infeccio

estafilocdcica, modelos in vivo.
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Abstract

The purposes of these studies were to verify environmental contamination by
collecting microorganisms from dental equipment surfaces before, during and after clinical
procedures, to determine the number and the susceptibility of Staphylococcus aureus
collected in a dental clinical environment, to evaluate the pathogenicity of staphylococcal
infection induced by a Staphylococcus aureus ATCC 25923 strain (S1) and a methicillin-
resistant Staphylococcus aureus (S2) strain isolated from dental clinic environment and to
observe the efficacy of amoxicillin and vancomycin against these microorganisms in an
infection model in rats. Material and Methods: Cotton sterile swabs were used to collect
the samples from dental-chair push buttons, 3-in-1 syringes, X-ray tubes, computer keys,
doorknobs, and light handles before, during and after clinical procedures. These samples
were spread on BHI agar, incubated at 37°C for 24 hours, counted and classified using the
Gram staining and biochemical tests. Commercial paper disks containing widely prescribed
antimicrobial agents were used to perform the antimicrobial susceptibility tests for S.
aureus. The counts among the periods and groups were analyzed by Kruskal-Wallis and
Dunn tests (alpha=5%). For infection model, 4 polyurethane sponges were placed in the
back of 180 rats. After 14 days, two granulomatous tissues received 0.5 ml of 10° cfu/ml
(S1) and (S2). Two days later, the rats were divided into six groups and the drugs were
administered. After 6, 24, and 48 hours of drug administration, 10 rats of each group and in
each period were killed. Each infected granulomatous tissue sample was then removed,
placed in eppendorfs with 1 ml of 0.9% NaCl and weighed. Infected tissues were dispersed
in a sonic system and were spread on salt mannitol agar. After incubation for 24h at 37°C,
the colonies were counted using a manual colony counter. Microorganim counts and wet-
weight results were submitted to the Kruskal-Wallis test (alpha=5%). Results: An increase
in the number of microorganisms was observed during clinical procedures (p<0.05). The
highest bacterial resistance rates for S. aureus were observed for beta-lactam group. All S.
aureus strains were sensitive to vancomycin and two percent of the samples were resistant
to methicillin. No statistically significant difference (p>0.05) was observed among the wet

weights of non-infected tissues. The groups 2 and 6 showed the higher wet-weight values



Abstract

and microorganism counts (p<0,05). Both drugs were quantified only at 6-hours after their
administration. The strains (PSSA or MRSA) did not affect the serum or the non-infected
tissue concentrations (p>0.05) but significantly reduced the amoxicillin concentration in the
infected tissue (p<0.05). Conclusions: Clinical activities increased the number of
microorganisms and the proportion of resistant S. aureus dispersed in dental clinical
environment. A single dose of amoxicillin did not affect the curse of infection induced by a
penicillin-susceptible strain. The MRSA strain isolated from a clinical environment showed
high pathogenicity in comparison to a penicillin-susceptible S. aureus strain and it was not
eradicate by a single dose of vancomycin.

Key words: environmental contamination, Staphylococcus aureus, cross-contamination,

staphylococcal infection, in vivo models.
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1. Introducao

Nas ultimas décadas, o controle de contaminacdo cruzada nos consultérios
odontolégicos tem sido um grande desafio. Durante séculos, os profissionais de
Odontologia realizaram seus trabalhos inconscientes dos riscos de contaminagdo inerentes a
sua pratica, até que se compreendeu que as infeccdes poderiam ser transmitidas no
ambiente clinico odontolégico (SAMARANAYAKE et al., 1995; WARREN et al., 2001).

A introducdo de instrumentos de alta rotagdo e ultra-sonicos, na década de 50,
contribuiu significativamente para que os consultérios fossem contaminados por aerossdis
(COTTONE et al., 1991). Nas clinicas das escolas de Odontologia, onde profissionais e
pacientes encontram-se envolvidos com trabalhos clinicos simultaneamente, este risco
assume um significado especial (MILLER et al., 1990; MATTOS-FILHO et al., 2005).

Segundo KEDJARUNE et al. (2000), os aerosséis constituem-se de particulas as
quais tém massa e energia cinética suficiente para realizarem longas trajetrias no ambiente
de clinica odontoldgica, contaminando objetos e equipamentos mesmo que distantes da
cadeira odontolégica. As infeccdes por aerosséis em clinicas odontoldgicas podem ser
causadas por vdrias fontes, incluindo pacientes, profissionais, visitantes, ventilagdo e
sistema de ar-condicionado (KEDJARUNE & LEGGAT, 2001).

BENTLEY et al., (1994) relatam que a distribui¢do dos aerosséis contaminados
por bactérias € extremamente variada e pode estar influenciada por diferentes fatores, tais
como os niveis de microrganismos na boca do paciente (higiene bucal adequada), a posi¢do
de trabalho do profissional em relacdo ao paciente, o tipo de procedimento realizado, a

posi¢do do dente que estd sendo tratado, a movimentagdo de pessoas dentro do ambiente de
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clinica, entre outros. Segundo KEDJARUNE & LEGGAT, 2001, essa distribui¢do também
pode ser influenciada pela umidade, temperatura e o tamanho das particulas geradas. Além
desses fatores, os autores relatam que o periodo do dia pode influenciar a contaminagdo dos
aerossois.

CRAWFORD (1983) relata que as particulas produzidas pelo uso de equipamentos
rotatérios permanecem vidveis no ambiente (Quadro 1). GUIMARAES JR. (2001)
apresenta dados importantes a respeito da sobrevivéncia de alguns microrganismos sobre
superficies, mostrando que uma grande variedade deles consegue sobreviver por tempo
prolongado em diversos materiais de uso rotineiro em odontologia, como fichas clinicas,

pecas de mao, papel, gaze, pele e luvas.

QUADRO 1 - Distribui¢ao do microrganismo, fonte/procedéncia e viabilidade no ambiente.

Microrganismo Fonte/Procedéncia Viabilidade
Staphylococcus aureus Saliva, pele, exsudato 5 dias
Streptococcus pyogenes Saliva, secregdes 2 dias
Mycobacterium tuberculosis Escarro 2 Semanas
Virus Herpes simplex Saliva, vesicula Minutos
Virus Herpes zoster Saliva, vesicula Horas
Epstein Barr Saliva Horas
Virus Influenza (gripe) Saliva, secre¢des 12 horas
Virus Hepatite A Saliva, sangue, urina Semanas
Virus Hepatite B Saliva, sangue Semanas
Virus HIV — AIDS Sangue Minutos
Grupo mutans — cdrie Saliva Horas

Fonte — Crawford., 1983

Dentre as varias espécies de microrganismos encontrados na cavidade bucal, os
Staphylococcus aureus t€ém sido considerados um dos mais versateis e perigosos patogenos
humanos (HONMA et al.,1994). Além da capacidade de sobreviver em superficies de

diferentes ambientes por um periodo de até 5 dias, esses microrganismos tém demonstrado
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um preocupante aumento de resisténcia aos antimicrobianos, tais como a meticilina e
vancomicina (OIE et al.,2002; SINGH et al.,2002).

Staphylococcus aureus meticilina resistentes (MRSA) demonstram taxas
significativas de mortalidade em pacientes idosos e em pacientes imuno-comprometidos,
sendo menos prevalentes e fatais em pacientes jovens. Nao sdo freqiientemente encontrados
em hospedeiros sauddveis, entretanto, quando isolados podem ser um indicador de
debilidade clinica do paciente (BRADLEY, 1999). Embora tenham uma alta relevancia
clinica, ndo existem relatos na literatura avaliando modelos de infec¢des in vivo induzidas
por esses microrganismos quando isolados em ambientes clinicos.

Diversos modelos de infec¢do em tecidos de ratos t€m sido utilizados (DEL FIOL
et al.,2000). A inducdo de tecido granulomatoso, por exemplo, tem sido proposta para
avaliar a infeccdo e a concentragcdo tecidual de antimicrobianos em ratos (GROPPO et
al.,2000). Além disto, este método tem demonstrado reprodutibilidade e eficicia (BAGLIE
et al.,2000).

A amoxicilina e a vancomicina t€ém sido usadas em modelos de infec¢do com
Staphylococcus aureus para avaliar a farmacocinética desses antimicrobianos em tecidos e
suas interferéncias no desenvolvimento de processos infecciosos (GERBER et al.,1993;
VANDAUX et al.,2002). Dentre diversas metodologias, a cromatografia liquida de alta
eficiéncia (CLAE) tem demonstrado ser confidvel e muito eficiente para a quantificacdo

desses antimicrobianos (PIRES DE ABREU et al.,2003; SAITO et al.,2004).
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2. Proposicao

Foram objetivos deste trabalho:

. Investigar o grau de contaminacdo de utensilios, materiais e equipamentos
utilizados na clinica de Graduacdo da Faculdade de Odontologia de Piracicaba —
FOP/UNICAMP, determinando os microrganismos mais prevalentes e o0s

periodos e os locais de maior possibilidade de quebra da cadeia asséptica;

. Investigar o grau de contaminag¢do de utensilios, materiais e equipamentos
utilizados na clinica de Graduacao da Faculdade de Odontologia de Piracicaba —
FOP/UNICAMP por Staphylococcus aureus e estudar o grau de resisténcia

bacteriana destes microrganismos frente a diferentes antimicrobianos.

o Avaliar a patogenicidade de uma cepa de Staphylococcus aureus meticilina
resistente isolada no ambiente clinico da FOP-Unicamp e uma cepa de
Staphylococcus aureus ATCC 25923, observando a eficdcia da amoxicilina e

vancomicina contra esses microrganismos em um modelo de infeccdo em ratos.
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3. Capitulos

Essa tese estd baseada na Informacdo CCPG/001/98/Unicamp que regulamente o
formato alternativo para tese de Doutorado e permite a inser¢do de artigos cientificos de
autoria ou co-autoria do candidato.

Desta forma, esta tese é composta de trés artigos, os quais foram submetidos ou
encontram-se em fase de submissdo para publicacdo em revistas cientificas, conforme
descrito abaixo:

3.1. — Artigo 1 - “Environmental Contamination Before, During and After Dental
Treatment.” , artigo aceito para publicacdo na American Journal of Dentistry.

3.2. - Artigo 2 - “Isolation of Methicilin-resistant Staphylococcus aureus in a
Dental Clinic Environment.”, o qual foi submetido para publicacdo na Infection Control
and Hospital Epidemiology.

3.3. — Artigo 3 — “The effect of amoxicillin and vancomycin against MRSA
infection. /n vivo study in rats.”, o qual foi submetido para publicacdo na Antimicrobial

Agents and Chemoterapy”.
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Title: Environmental Contamination Before, During and After Dental Treatment
Summary

Purpose: to verify environmental contamination by collecting microorganisms from dental
equipment surfaces before, during and after clinical procedures. Setting: Undergraduate
clinic of the Dental School of Piracicaba, University of Campinas, Brazil. Materials and
Methods: Sterile swabs were used to collect the samples from dental-chair push buttons, 3-
in-1 syringes, X-ray tubes, computer keys, doorknobs, and light handles before (P1), during
(P2) and after (P3) clinical procedures. These samples were spread on BHI agar and
incubated at 37°C for 24 hours. The resulting microorganisms were counted and classified
using the Gram staining and biochemical tests. Microorganism counts among the periods
and groups were analyzed by Kruskal-Wallis test (alpha=5%). Results: The most prevalent
microorganisms were Viridans group streptococci, Sthaphylococcus epidermidis and
Baccillus subtilis. Push buttons were the most contaminated (p<0.05). Microorganisms
were most prevalent during clinical procedures (p<0.05). Microorganism counts were
higher in P2 than in P1 and P3 (p<0.05). Conclusion: Clinical activity caused an increase
in the number of environmental microorganisms, where Viridans group streptococci were
the most prevalent contaminant found on equipment surfaces.

Key words: environmental contamination, viridans group streptococci, cross-
contamination, dentistry, infection control.

Clinical significance: Considering the risk of cross-contamination in dental settings
caused by microorganisms spread in fluids such as blood and saliva during dental

procedures, studies involving clinical environmental contamination are still necessary.

12



Capitulo /

Introduction

Cross-contamination in dental settings caused by viruses, bacteria, and fungi
present in fluids such as blood and saliva has been of great concern to dental professionals
during the last decades. "> Microorganisms which cause respiratory and blood diseases are
found in dental equipment and can be hazardous for dental patients and staff when
infection-control routines are not done effectively. 3 Although it is well known that air,
surfaces, dental materials and instruments, and water in dental units could be vehicles for
cross contamination in dental settings, more research in microbial contamination involving
this environment is needed. *

Some studies have been performed in order to verify the bacterial contamination
of air samples in dental offices collected during dental procedures. “®’ These studies
concluded that infectious aerosols might be generated during dental practice, especially
when high-speed handpieces or ultrasonic scalers are used. The presence of potentially
pathogenic microorganisms such as Legionella pneumophila, and Pseudomonas aeruginosa
has been related in the water of dental units. *° High bacteriological contamination of water
and air as well as a widespread bacterial contamination were often found during a survey. *

The implementation of barriers and aseptic conditions usually reduces cross-
contamination risks, which are considerably high in dental schools due to the presence of
professionals and patients simultaneously involved in the treatment. '° Barrier systems
remarkably reduced the number of streptococci in the air of waiting room in a dental clinic.
" Organizations such as Center of Disease Control and Prevention, the American Dental
Association, schools of dentistry, many other health agencies and professional associations
supported the effectiveness of procedures to control infection and universal precautions in

the dental settings to prevent microbial pollution and cross-contamination. Since the end of
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the 1980s many surveys have been carried out in several countries to investigate practices
to control infection and compliance with universal precautions in dental procedures. *
Contamination of surfaces and instruments in dental procedures by hepatitis B
surface antigen and hepatitis C virus has been related. '> However, data on microbial
contamination of surfaces or instruments in dental surgeries are scarce. Specific
environmental microorganisms found in dental settings have been suggested as an indicator
of infection control. Viridans group streptococci, which are prevalent in human saliva, have
been proposed as a biological indicator of contamination of dental equipment surfaces. *
The aim of the present study was, therefore, to evaluate the contamination level of
dental equipment surfaces in a dental school (undergraduate clinic of the Dental School of
Piracicaba). Three different periods - prior to, during, and after clinical procedures - were

evaluated. The most prevalent microorganisms were also determined.

Methods

The present study was carried out in the undergraduate Clinic of the Dental
School of Piracicaba, University of Campinas (UNICAMP), Sao Paulo, Brazil. Samples
were obtained from surfaces of equipment and objects involved in dental treatment.
Surfaces were sampled considering six groups as follows:
Group 1 — Dental chair push buttons (n=10);
Group 2 — Light device handles (n=10);
Group 3 - 3-in-1 syringe buttons (n=10);
Group 4 - X-ray tubes (n=2);
Group 5 - Door handle of the main entrance (n=2);

Group 6 - Computer “enter” keys (n=4).
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Sampling was carried out prior to clinical activities (5:30 am), during clinical
activities (between 2:00 and 3:00 pm) and one hour after clinical procedures (6:30 pm). The
cleaning procedures in the clinic were performed at the end of the day (7:00-9:00 pm) by a
specialized team. The first procedure before the start of clinical activities was the samples
collection. After that, the usual cleaning and disinfecting procedures were carried out by the
students.

Three different environments were evaluated: adults’ clinic, pediatric clinic, and
emergency service clinic. All equipment analyzed in the present study complied with the
symmetric distribution of the clinic’s air-conditioning system (Figure 1). Since the door
handle and the x-ray tubes are the same for all clinical settings, they were not considered
for the emergency clinic. “Enter keys” were important to the present study because they are

frequently used to register all clinical procedures and data.

Sample Collection

Samples were collected by rubbing the selected surfaces with sterile cotton swabs
immersed in 0.1 ml of 0.9% NaCl sterilized solution. Controls for each group were
collected by simple exposing the swabs in the air at same time in order to simulate the same
procedures of the samples collection. The swabs were rubbed (without twirling) against the
equipment surfaces in a three centimetres line through double shuttle movements by just
one operator. After that, the swabs were cut into sterile tubes containing 0.9 ml of 0.9%
NaCl and immediately assayed.
Microorganism Counting

Five minutes after collection, samples were sonicated at 5% amplitude and 5-

second intervals for 60 seconds (Vibra Cell 400W, Sonics & Materials Inc - 5% amplitude,
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9.9 second cycle, 6 pulses — Newtown, USA). The resulting solution (10 pL) was
inoculated in Petri dishes with 10 mL of BHI agar (Brain Heart Infusion — Difco Co. —
Michigan, USA) and incubated at 37°C during 24 h (Fanem Model 002 — Sao Paulo,
Brazil). Other dishes containing the same material were incubated at 37°C in 10% CO,
during 48 h (Jovan IG 150 — Winchester, USA).

After incubation, colonies were quantified with a stereoscopic microscope (Stemi
SV6, ZEISS — Thornwood, USA) and their macroscopic characteristics recorded. Results
were expressed as cfu x 10*/mL. Pure cultures collected from isolated colonies were Gram-
stained and examined at 1000x magnification (OLYMPUS - Tokyo, Japan). All colonies

were submitted to biochemical tests for species identification. '*'*'

Statistical Analysis

Microorganism counts, considering each period (prior to, during and following
clinical procedures) and each clinical environment (adults, pediatric, and emergency
clinics), were submitted to the Kruskal-Wallis and multiple comparison tests at a

significance level of 5% (p<0.05).

Results
All surfaces revealed microorganisms’ contamination in all periods and clinical
environments. Absence of growth was verified in all control groups of every period.
Comparison among periods showed the greatest microorganism counts in the
samples collected during clinical activities (p<0.05). Figure 2 shows the microorganism

counts means of the groups at different time periods, regardless of clinical environment. No
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statistically significant differences were observed among groups evaluated prior to clinical
activities (p>0.05).

Figure 3 shows the microorganism counts means observed in Group 1 (dental
chair push buttons). This group presented the greatest microorganism counts (p<0.05)
among all groups, which is valid particularly for the emergency clinic.

Groups 2 and 3 showed high microorganism counts during clinical activities
(»<0.05). Again, the emergency clinic environment presented the highest microorganism
counts considering these two groups (p<0.05). These results are presented in figures 4 and
5, respectively.

Group 4 presented no statistically significant difference prior to clinical activities
when adults and pediatric clinics were compared (p>0.05). However, a significant increase
in the microorganism counts was observed during and following clinical procedures,
regardless of the clinical environment (p<0.05) (Fig. 6).

Considering Group 5, no statistically significant differences were observed among
periods and environments, except for the microorganism counts at the adults’ clinic before
activities, which presented the lowest number (Fig. 7).

The pediatric clinic showed the greatest microorganism counts considering Group
6 (p<0.05). No statistically significant differences were observed between samples
collected prior to or after clinical activities (p>0.05), as shown in figure 8.

In general, Staphyloccocus epidermidis and viridans streptococci were the most
observed microorganisms. Among bacilli genus, Bacillus subtillis were the most commonly
found. Clinical activities induced more viridans streptococci compared to the other studied

periods. Streptococci species emerged in greater number during and after clinical activities
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when compared to staphylococci species. Table 1 shows the percentage of microorganisms

identified in the three different periods.

Discussion

As previously observed, the present study showed an increase in microbial
contamination on surfaces during clinical activities.”'® The patients’ oral hygiene, aerosols,
and the presence of a great number of people (professionals, students and patients) could be
a cause of the clinical environment contamination observed in the present study.*'®!"!®
According to Bentley et al., the dentist’s position in relation to the patient, and the position
of the treated teeth in the mouth may also influence clinical environment contamination.'’

As expected, the surfaces most frequently handled during treatment showed the
highest levels of contamination.'’ Results observed in Group 1 at the emergency clinic
during clinical activities could be probably caused by the large number of patients
(approximately 12) treated at the same day period. At the same period, approximately three
patients were treated in the adults’ clinic.

The frequency of use of dental equipment or the kind of the treatment might
directly contribute to microbial contamination. Invasive procedures, such as abscess
drainage, which is carried out at the emergency clinic probably result in higher
contamination than a simple clinical procedure in any clinical environment. '"2*2!

A high contamination in light handles and 3-in-1 syringes was also observed by
McColl et al.** Adequate routine decontamination procedures of dental equipment are
extremely important to remove bacterial deposits, caused by clinical procedures.23

However, cleaning 3-in-1 syringe buttons is practically impossible, due to a protection

overlapping the buttons.
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It has been shown that the internal chambers of 3-in-1 syringes are contaminated
during routine dental procedures. Sterilized syringes (autoclave-safe) have been suggested
in order to avoid any risk of cross-infection.?>** However, cross-contamination risk still
exists due to mineral and bioburden deposits on the roughness of internal surfaces of metal
tips. Thus, it is strong recommended the use of disposable 3-inl syringe tips in order to
decrease this risk.”*° The presence of contamination on handles and switches following
treatment was anticipated, and the use of protection barriers such as cling film to cover
these areas and which can be replaced between patients has been previously suggested.”’

The contamination of X-ray tubes shows a great possibility of cross-contamination
between patients. White & Glaze have reported that 77% of patients were contaminated
with Streptococcus pyogenes and S. aureus after radiograph taking.”® Another relevant study
has shown patients’ contamination with pathogenic yeasts and bacterial respiratory
pathogens after radiographic examination. 9

The door handle of the main entrance (Group 5) presented similar contamination
in all periods tested in the present study. Although the contamination level observed for
group 6 (“enter” keys) was low, it clearly denotes the need for better cross-infection control
procedures, especially when involving dental students."’

The results observed in the present study were in agreement to Hackney et al.,
who observed that the presence of Viridans streptococci on dental equipment surfaces could
be considered a indicator of potential sources of biological contamination.” Besides
Viridans streptococci, a great prevalence of non-oral microorganisms, such as S.
epidermidis, S. aureus and B. subtilis, was verified in the present study.

Since the dental environment should be free of oral bacteria after dental

procedures, microorganisms should not be found on any of the equipment surfaces. Stricter
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decontamination procedures should be implemented in order to control -cross-

s 17,18,21
contamination.

Current concepts of cross-infection control such as the use of
discardable plastic covers (barriers) over surfaces contaminated during treatment, and
sterilization of all other equipment that cannot be protected in another fashion have been
advocated. >°*!

The present study concluded that clinical activity increases the number of

microorganisms in dental environments, where streptococci were the most prevalent

contaminant on equipment surfaces.
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Prior to During to After to
Staphylococcus epidermidis 37% 8% 31%
Staphylococcus aureus 8% 8% 5%
Bacillus subtitis ~ 10%  10% 7%
Streptococcus pneumoniae 1% 8% 8%
Bacillus cereus 2% 1% 1%
Streptococcus pyogenes 8% 4% 4%
Streptococcus mitis — 13%  18%  12%
Streptococcus salivarius 2% 3% 1%
Streptococcus mutans 0% 4% 1%
Streptococcus sanguis 3% 8% 8%
Streptococcus sobrinus 0% 3% 0%
Streptococcus sanguis 1~ 2% 7% 4%
others 4%  18% = 18%
Total number of CFU/period 3,864 14760 10,968

Table 1 - Percentage of microorganisms identified from all surfaces evaluated in the three
different periods. The bottom line refers to total number of microorganisms found in the

three different periods, regardless the surfaces evaluated.
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Figure 1 — Disposition of sites where the samples were obtained.
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Microorganism counts (cfu x
103)

Before During After
Periods of the treatment

Figure 2 - Means of the microorganism counts for the groups evaluated at
different time periods, regardless of clinical environment. *different letters denote

statistically significant differences.
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Figure 3 — Colony forming units collected from push buttons, before, during and

after clinical procedures. *different letters denote statistically significant differences.
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Microorganism counts (cfu x
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Figure 4 - Colony forming units collected from reflector handles, before, during

and after clinical procedures. *different letters denote statistically significant differences.
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Figure 5 — Colony forming units collected from air-water syringes, before, during

and after clinical procedures. *different letters denote statistically significant differences.
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Figure 6 — Colony forming units collected from x-ray devices, before, during

and after clinical procedures. *different letters denote statistically significant differences.
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Figure 7 — Colony forming units collected from door handle of the main entrance

door, before, during and after clinical procedures.
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Figure 8 — Colony forming units collected from “Enter” Keys, before, during and

after clinical procedures. *different letters denote statistically significant differences.
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Isolation of Methicilin-resistant Staphylococcus aureus in a Dental Clinic Environment
Abstract

Objective: To determine the number and the susceptibility of Staphylococcus aureus
collected in a dental clinical environment against antimicrobial agents commonly used in
Dentistry. Setting: Undergraduate clinic of the Dental School of Piracicaba, University of
Campinas, Brazil. Material and Methods: Cotton sterile swabs were used to collect the
samples from dental-chair push buttons, 3-in-1 syringes, X-ray tubes, computer keys,
doorknobs, and light handles before (P1), during (P2) and after (P3) clinical procedures.
These samples were spread on BHI agar and incubated at 37°C for 24 hours. The resulting
S. aureus were counted and classified using the Gram staining and biochemical tests. The
counts among the periods and groups were analyzed by Kruskal-Wallis and Dunn tests
(alpha=5%). Commercial paper disks containing widely prescribed antimicrobial agents
(beta-lactams, macrolides, clindamycin and vancomycin) were used to perform the
antimicrobial susceptibility tests. Results: An increase in the number of microorganisms
was observed during clinical procedures (p<0.05). The highest bacterial resistance rates
were observed for beta-lactam group. All isolated strains were sensitive to vancomycin and
2% of the samples were resistant to methicillin. Conclusions: Clinical activities increased
the number and the proportion of resistant S. aureus dispersed in dental clinical
environment. The present study highlights the need to establish strategies to prevent
emergence of resistant bacterial strains in dental settings.

Key words: environmental contamination, Staphylococcus aureus, cross-contamination, dentistry,

infection control.
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Introduction

Cross-contamination in dental settings caused by viruses, bacteria, and fungi
present in fluids such as blood and saliva has been of great concern to dental practitioners
in the last decades. ' It is a well known fact that air, surfaces, dental materials, instruments,
and water in dental units could be vehicles for cross contamination in dental settings;
therefore, more research on microbial contamination by aerosols involving this
environment is still necessary.”

Some studies have reported that the aerosols provided during dental treatment
may contain microorganisms with low pathogenicity and are not a source of infection
disease among dental personnel and patients.3 However, this cannot be ignored, since the
number of unrecognized infective patients seeking dental care is increasing.* Furthermore,
microorganisms which cause respiratory and blood diseases are found in dental equipment
and can be hazardous for dental patients and staff when infection-control routines are done
inadequately. >

Of the many species of oral microorganisms, Staphylococcus aureus has been
considered one of the most dangerous and versatile human pathogens.6 Beyond the capacity
to survive on dried surfaces for a mean of five days, Staphylococcus aureus has been more
resistant to antimicrobial agents.’

Benzylpenicillin (penicillin G), introduced in the early 1940s, could briefly
eliminate infections by Staphylococcus aureus, once its continuous use induced resistant

strains that produce f-lactamase.” Among these resistant microorganisms, methicillin-
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resistant Staphylococcus aureus (MRSA) has become a prevalent pathogen throughout the
world.”

The importance of nosocomial MRSA as a pathogen is associated with its
resistance to antimicrobial agents and its increased prevalence.'” Moreover, although it is
much less common and seldom fatal for younger patients, MRS4 shows a significant
morbidity and mortality rate among the elderly or patients with an impaired health."'

The prevention of horizontal transmission of MRSA has become increasingly
important as the prevalence of this pathogen increases. Oral carriage of MRSA may induce
re-colonization in other body sites or even cause cross-infection to other patients and dental
professionals.'> MRSA can sometimes survive on instruments and object surfaces for two
or three days and on hands for up to three hours."

Many studies were carried out to investigate MRSA contamination of various
items, such as computers, pagers, television sets, stethoscopes, uniforms and gowns, blood-
pressure cuffs, mattresses, pillows, chairs, bedframes, and over-bed tables.'*" However,
more research in environmental contamination involving these microorganisms in dental
settings is needed.

The aim of this study was, therefore, to assess the level of contamination of dental
equipment surfaces by Staphylococcus aureus strains, as well as to investigate the
antimicrobial susceptibility of these microorganisms against methicillin, vancomycin and

the most commonly used antimicrobial agents in Dentistry.
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Materials and Methods

The present study was carried out in the undergraduate multichair clinic of
Piracicaba Dental School, University of Campinas (UNICAMP), Sao Paulo, Brazil. This
dental clinic has 86 dental chair units, one urgency room (3 dental chairs) and one
sterilization room. Samples were collected from surfaces of equipment involved in dental
treatment. Surfaces were assigned into six groups as follows:

Group 1 — Dental chair push buttons (n=10);
Group 2 — Light device handles (n=10);

Group 3 - 3-in-1 syringes (n=10);

Group 4 - Computer “enter’” keys (n=4);

Group 5 - Door handle of the main entrance (n=2);
Group 6 - X-ray tubes (n=2).

Sampling was carried out prior to (5:30 am), during (between 2:00 and 3:00 pm)
and one hour after clinical activities (6:30 pm). Each of the six collects was performed
bimonthly in a one-year period. The environment in three different sites—adults’ clinic,
paediatrics clinic, and urgency service clinic—was evaluated. All dental chair units analyzed
in the present study complied with the symmetric distribution of the clinic’s air-
conditioning system (Figure 1). Since the door handle and the x-ray tubes are the same for
all clinical settings, they were not considered for the urgency service clinic. Computer enter
keys were important to the present study since they are frequently used to register all

clinical procedures and data.
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The routinely infection-control procedures used during this study were
recommended by Brazilian Sanitary Vigilance Agency, which are similar to the protocol

suggested by Center for Disease Control and Prevention (CDC).

Sample Collection

Samples were collected by rubbing the surfaces of the items previously described
with sterile cotton swabs immersed in 0.1 ml of 0.9% NaCl sterilized solution. Controls for
each group were performed by simply exposing the swabs in the air at the time of
collection. All swabs were cut, placed into sterile tubes containing 0.9 ml of 0.9% NaCl and
immediately assayed.

Five minutes after collection, samples were sonicated at 5% amplitude and 5-
second intervals for 60 seconds (Vibra Cell 400W, Sonics & Materials Inc - 5% amplitude,
9.9 second cycle, 6 pulses — Newtown, USA). The resulting solution (10 pL) was
inoculated in Petri dishes with 10 mL of BHI agar (Brain Heart Infusion — Difco Co. —
Michigan, USA) and incubated at 37°C for 24 h (Fanem Model 002 — Séo Paulo, Brazil).

After incubation, colonies were quantified with a stereoscopic microscope (Stemi
SV6, ZEISS — Thornwood, USA) and their macroscopic characteristics recorded. Results
were expressed as cfu x 10*/mL. Pure cultures collected from isolated colonies were Gram-
stained and examined at 1000x magnification (OLYMPUS - Tokyo, Japan). All colonies

were submitted to biochemical tests in order to identify the species.'®"
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Antimicrobial susceptibility test

The isolates were subcultured in brain heart infusion agar (BHI - Difco Co. —
Michigan, USA), Gram-stained, examined at 1000x magnification (OLYMPUS - Tokyo,
Japan) and their purity was checked. For the susceptibility tests, a spectrophotometer
(Spectronic 20 — Bausch & Lomb, Rochester, USA), at 550 nm of wavelength, was used to
adjust the optical density of overnight cultures. A standardized inoculum (10%cfu/mL) was
obtained between 75 to 80% of transmittance. Each suspension (600 plL) was mixed into
60mL of Mueller-Hinton agar (MHA - Difco Co. — Michigan, USA), which was previously
supplemented with 1.5% sterile sheep blood, and poured onto a Petri dish (150mm x
20mm). The final inoculum concentration was 10%fu/mL."

Antimicrobial agents commonly used in Dentistry, methicillin, and vancomycin
were assayed. Commercial paper disks, 6.5 mm diameter (Cefar Diagnostics Co — Sao
Paulo, Brazil) with 10 pg ampicillin (Ap), 10 pg amoxicillin (Ax), 20 pg amoxicillin/10 pg
clavulanic acid (Amc), 15 pg azithromycin (Azi), 30 pg cefazolin (Cef), 15 pug
clarithromycin (Cla), 2 pg clindamycin (Cl), 30 pg chloramphenicol (Chlo), 15 pg
erythromycin (Ery), 5 pug of methicillin (Met), 10 units of penicillin G (Pen), and 30 pg of
vancomycin (Van) were placed onto agar and incubated at 35°C for 18 hours. For
methicillin and vancomycin, the incubation time was 24 hours. After incubation (Fanem
Model 002 — Sao Paulo, Brazil), the inhibition zones were measured and recorded
according to the National Committee for Clinical Laboratory Standards (NCCLS). All

. . ‘e .. . 18
microorganisms were classified as sensitive or resistant.
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Statitical Analysis

Microorganism counts, considering each period (prior to, during and following
clinical procedures) and each clinical environment (adults, paediatrics, and urgency
clinics), were submitted to the Kruskal-Wallis and Dunn tests at a significance level of 5%

(p<0.05).

Results

Considering all periods of collect, not all surfaces in the different sites tested
revealed Staphylococcus aureus contamination. No bacterial growth was observed in the
controls concerning all periods tested. Most groups, especially groups 5 and 6, revealed
insignificant growth regarding the samples collected before clinical activities. Table 1
shows data for different sites, periods, and surfaces tested.

Comparison among periods showed the greatest Staphylococcus aureus counts for
the samples collected during clinical activities (p<0.05). The paediatrics clinic, considering
the three different sites tested, showed the greatest Staphylococcus aureus counts. No
statistically significant differences were observed for the sites tested prior to clinical
activities (p>0.05). Figure 2 shows the S. aureus count means regarding the different
periods and clinical sites tested.

Group 1 (dental chair push buttons) revealed the greatest Staphylococcus aureus
counts (p<0.05) among all groups, which is valid particularly for the paediatrics and
urgency clinics. Groups 2 and 3 showed high contamination by Staphylococcus aureus

during clinical activities for all sites (p<0.05). The paediatrics clinic environment
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demonstrated the highest Staphylococcus aureus counts considering these two groups
(»<0.05).

Group 4 presented no statistically significant difference among the three different
sites tested prior to clinical activities (p>0.05). However, a significant increase in the
Staphylococcus aureus counts was observed during and after clinical activities, considering
all sites tested (p<0.05).

No statistically significant differences were observed among periods and sites in
group 5, except for the Staphylococcus aureus counts at the adults’ clinic after activities and
paediatrics clinic during activities, which presented the highest counts.

Group 6 showed the greatest Staphylococcus aureus counts for the samples
collected in the paediatrics clinic (p<0.05). No statistically significant differences were
observed for samples collected prior to clinical activities (p>0.05).

The S. aureus isolates showed high antimicrobial resistance rates, especially
against beta-lactams. The microorganisms collected from the urgency service clinic
revealed the greatest resistance rates against the antimicrobial agents tested. MRSA was
observed only for the samples collected in the urgency service clinic. No resistance to
vancomycin was detected concerning all clinical sites and surfaces tested in the present
study. Figure 3 shows the antimicrobial susceptibility profile of the S. aureus isolates

regarding the three different clinical sites tested.

Discussion

There was an increase in microbial contamination during dental procedures,

agreeing with results of previous studies.”” It has been reported that aerosols may
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22021 The patients’ oral hygiene

contribute to the contamination of clinical environments.
and the presence of a great number of people (professionals, students and patients) might
have caused the clinical environment contamination observed in the present study.™'*** All
these factors can account for the high contamination observed during clinical procedures.

Staphylococcus aureus is rarely encountered in the dental community. However, a
growing number of studies suggest that these microorganisms can be isolated more
frequently from the oral cavity of particular groups of patients, especially of children.'>***
This can explain the high S. aureus contamination observed in the paediatrics clinic in the
present study.

Direct skin/hand/finger contact is known as the most common route for S. aureus
transmission. '"? Many previous studies have evaluated S. aureus contamination regarding
hand contact involving different objects, such as pens, stethoscopes, uniforms, and

. 1415
chairs. ™

Hence, as expected, the surfaces most frequently handled during dental treatment
showed the highest levels of contamination, especially those in Group 1, which showed the
highest S. aureus count. Moreover, the frequency of dental equipment use or the kind of
treatment might directly contribute to microbial contamination. Invasive procedures might
result in a higher contamination than that observed in simple clinical procedures in any
clinical environment.”* %

Microbial contamination in light handles and 3-in-1 syringes was also investigated
by McColl et al.*® Adequate dental equipment decontamination is extremely important to

. . .. 27 . .
remove bacterial deposits, caused by clinical procedures.”” However, cleaning 3-in-1

syringe buttons is quite difficult, due to a protection overlapping the buttons.
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It has been shown that the internal chambers of 3-in-1 syringes are contaminated
during routine dental procedures. Sterilized 3-in-1 syringes (autoclave-safe) have been
suggested to reduce the cross-contamination risk.?® Such contamination is possible due to
mineral and bioburden deposits on internal walls of syringe metal tips. To decrease this
risk, disposable 3-in-1 syringe tips are strongly recommended.*®

Contamination levels observed for group 4 (“enter” keys) were low, but adequate
cross-contamination control is still needed, especially when dental students are involved.*
Furthermore, computer keys, a relevant microorganism reservoir, may also be responsible
for nosocomial infections.”’

The door handle of the main entrance (Group 5) presented low contamination in
all periods tested in the present study. However, this contamination cannot be ignored once
door handles are considered as reservoirs of S. aureus colonization, including MRSA.
Therefore, regular disinfection of door handles is necessary."*

X-ray tubes show a great cross-contamination risk between patients. White &
Glaze have reported that 77% of patients were contaminated with Staphylococcus aureus
after radiograph taking.® Another relevant study revealed patients’ contamination by
pathogenic yeasts and bacterial respiratory pathogens after radiographic examination. i

Of all the strains isolated in the present study, 82% were resistant to penicillin G,
78% to ampicillin, 74% to amoxicillin, 41% to amoxicillin/clavulanate and 7% to cefazolin.
This high antimicrobial resistance against beta-lactam antibiotics is warning, once these
agents are the largest and most widely used in Dentistry.”* These results are in agreement
with those in previous studies showing an alarming reduction in the S. aureus susceptibility

to beta-lactams.>*>*
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The S. aureus isolated also showed the following resistance rates: 42% to
clarithromycin; 37% to erythromycin; 24% to azithromycin; 17% to chloramphenicol and
12% to clindamycin. These rates are similar to or slightly higher than those observed in
studies investigating staphylococci isolated from dental clinical environments. These results
suggest that stricter decontamination procedures are needed to control cross-contamination,
which can be unsafe to both professional and patient.l’35

All isolated strains were sensitive to vancomycin. Although all samples showed
low resistance to methicillin, the isolation of MRSA in a dental clinic environment is of
great concern, once this microorganism is a major clinical environmental problem.'® These
microorganisms have become a common and serious microbial contamination of medical
equipment and other environmental surfaces in hospital settings; however, there is no data
on the isolation of MRSA from equipment or environmental surfaces in dental settings.*

The spread of pathogens such as MRSA during dental treatment justifies the use of
suitable means of infection control. At least two cases of cross-infection by MRSA, from a
general dental practitioner to patients, have been reported.”” Therefore, identifying cross-
infection risk involving dental healthcare workers and patients is of great importance.38

Current concepts of cross-infection control like the utilization of disposable
plastic covers over contamination-risk surfaces during treatment and equipment
sterilization or decontamination have been advocated.”” In a previous study, a comparison
of surface bacterial contamination levels in a large dental clinic showed that the
contamination level reduced significantly when equipment and new infection control

. 40
procedures were improved.
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A pre-procedural use of an antiseptic mouth rinse is another method for reducing
overall bacterial counts produced during dental activities. Chlorhexidine or essential oils for
one-minute mouthwash before a dental procedure has been shown to significantly reduce
the bacterial contamination dispersed by aerosols during dental treatment.*'

The Center for Disease Control and Prevention (CDC) has recently revised and
published new guidelines on infection control regarding dental health care settings. 9 All of
these guidelines must be applied considering barriers (to decrease the risk of
contamination) and a careful anamnesis of patients, allowing an accurate diagnosis and an
adequate clinical treatment. These measures are highly recommended for patients having
symptoms or a recent history of infection and undergoing antibiotic therapy."** A "targeted
spectrum" antibiotic, when needed, should be carefully selected.*

In conclusion, clinical activities might increase S. aureus contamination in dental
settings, suggesting the need for adequate post-operative decontamination procedures, once
these microorganisms showed high antimicrobial resistance rates. Moreover, the isolation
of MRSA highlights the need to establish strategies to prevent emergence of resistant
bacterial strains in dental settings. There is a great risk of cross-contamination in dental
settings caused by microorganisms dispersed with the aerosols; therefore, further studies

are needed to investigate clinical environmental contamination.
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Figures and Tables

Dental-chair

Computer

push buttons Light handles 3-in-1 syringes keys Door knobs ~ X-ray tubes
before 0.87 (x1.31) 0.47(£1.02) 0.17 (£0.67)  0.23 (£0.64) 0.17 (x0.57) 0.00 (£0.00)
8 a,d (A)* a,e (A,B) a(B) af (A,B) a(A,B) a(B)
g during 3.49 (£2.53) 2.83(£2.23) 2.52(x1.71) 2.64(¢x1.29) 1.14 (x1.06) 4.31 (+1.37)
2 b,e (A) b (A) b,f (A) b (B) b (C) b (A)
A~ after 271 (£3.24) 1.69 (£2.12)  0.90 (x1.59) 0.66 (x1.45) 0.09 (x0.37) 1.20 (+2.27)
c(A) c (B) c,e (C) a,c,e (C) a (C) a (B,0)
before 0.56 (#1.00) 0.30 (+0.81)  0.31 (x0.93) 0.23 (x0.64) 0.00 (x0.00) 0.43 (+0.98)
a(A) a(A) ac(A) af(A) a(A) a(A)
E during 1.99 (£1.57) 1.87(£1.61)  1.58 (£1.33)  2.36 (x0.94) 0.66 (x1.06) 2.51 (+£0.61)
< ¢ (A,0) ¢,d (A,C) d.f (O b,d (A) a,b (B) c(A)
after 1.26 (£1.23) 1.42(£1.36)  1.02 (£1.14) 1.21 (¢1.15) 1.43 (£1.36) 2.40 (£0.55)
d(A) c(A) d,e (A) ef (A) b (A) c(B)
before 1.00 (£1.13) 1.11(£1.04) 0.46 (£0.84) 1.03 (x1.01)
L:; a,d (A,B) ce(A) a,c,e (B) f(A,B)
&E during 4.14 (£1.69) 2.60 (£1.73)  2.04 (£1.54) 2.26 (x1.2)
g = b (A) b,d (B) f(B) b,e (B)
u% after 233 (£1.36) 1.60 (£1.25) 0.92 (+1.14) 1.46(x1.12)
ec(A) ¢.d (B) ¢,d (€) d.e.f (B,C)

Table 1 — Means of colonies forming units of S. aureus (£

s.e.m.) considering

each group. Capital letters show comparisons among each surface tested considering each

period evaluated (horizontal lines). Small letters show comparisons among each surface

tested considering all periods evaluated (vertical lines). *different letters mean statistically

significant differences (p< 0.05).
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Figure 1 — Disposition of sites where the samples were obtained.
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Figure 2 — Box-whisker plot for comparison among groups considering all
surfaces for each clinical site and period evaluated (Central line: median; Box: lower and
upper quartiles; Whisker: maximum and minimum values). *different letters denote

statistically significant differences.
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Figure 3 - Antimicrobial resistance profile of the S. aureus isolates regarding the

three different clinical sites tested.
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Abstract

The aim of this study was to evaluate the course of both methicillin-resistant
Staphylococcus aureus (MRSA) and penicillin-sensitive S. aureus (PSSA) strains by using
the granulomatous-tissue infected model in rats. The effect of amoxicillin and vancomycin
was also observed. Four polyurethane sponges were placed in the back of 180 rats. After 14
days, two granulomatous tissues received 0.5 ml of 10® cfu/ml of S. aureus ATCC 25923
(PSSA) or MRSA (previously isolated from a dental clinic environment). Two days later,
the rats were divided into six groups according drugs and microorganisms inoculated: G1-
Amoxicillin 50 mg/kg/p.o. and PSSA; G2 - Amoxicillin 50 mg/kg/p.o. and MRSA; G3 -
Vancomycin 50 mg/kg/i.p. and PSSA; G4 - Vancomycin 50 mg/kg/i.p. and MRSA; G5 —
saline (0.9% NaCl 1ml/p.o.) and PSSA; and G6 — saline and MRSA. After 6, 24, and 48
hours of drug administration, 10 rats per period of each group were killed. Both infected
and non-infected granulomatous tissues were removed, placed in eppendorfs with 1 ml of
0.9% NaCl and weighed. Infected tissues were dispersed in a sonicator and spread (10 pl)
on salt mannitol agar and the colonies were counted after aerobic incubation (24h at 37°C).
Microorganism counts and granulomatous-tissue’s weight results were submitted to the
Multifactorial ANOVA (alpha=0.05). A HPLC system with UV detection was used to
quantify the concentration of the antimicrobial agents in the serum and tissue. No
statistically significant differences (p>0.05) were observed among the weights of non-
infected tissues. The groups 2 and 6 showed the higher weight values (p<0.05). G3, G4 and
G5 showed reduction of microorganism counts after 6h (p<0.05). G1, G2 and G6 did not
show significant reduction among their periods. Both drugs were quantified only at 6-hours

after their administration. The strains (PSSA or MRSA) did not affect the serum or the non-
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infected tissue concentrations (p>0.05) but significantly reduced the amoxicillin
concentration in the infected tissue (p<0.05). We concluded that a single dose of
amoxicillin did not affect the curse of infection induced by a penicillin-susceptible strain.
The MRSA strain isolated from a clinical environment showed high pathogenicity in
comparison to a penicillin-susceptible S. aureus strain and it was not eradicate by a single
dose of vancomycin.

Key words: Methicillin resistance, Staphylococcus aureus, staphylococcal infection,

vancomycin, amoxicillin.

Introduction

Many studies have reported that aerosols related to dental treatment may contain
low-pathogenic microorganisms, which are not considered as source of infection diseases
among dental personnel and patients.' However, these microorganisms cannot be ignored,
since the number of unrecognized infective or immunocompromised patients seeking dental
care is increasing.2 Furthermore, microorganisms which cause respiratory and blood
diseases are found in dental equipment and can be hazardous for dental patients and staff
when infection control is carried out inadequately.’

The possible routes for the spread of oral microorganisms in a dental office are
closely related to the body fluids of an infected patient, the environmental surfaces or
instruments that have been contaminated and the airborne infectious particles from the
patient.4 However, the potential of aerosol transmission of pathogenic agents during dental

treatment to cause an infection disease is not well known.’
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In a busy practice, the time between patients for thorough cleaning and disinfection
is often inadequate, making the cross-contamination control a more difficult challenge. In
addition, very pathogenic microorganisms, such as Streptococcus pyogenes, Streptococcus
pneumoniae, hepatitis B virus and S. aureus, are able to survive in dental setting surfaces
for longer periods.'

S. aureus has been considered one of the most dangerous and versatile human
pathogens.® Beyond the capacity to survive on dried surfaces in dental offices for at least
for five days, some strains, such as methicillin-resistant (MRSA), are markedly resistant to
many antimicrobial agents. Moreover, MRSA isolated from several items (stethoscopes,
uniforms, blood-pressure cuffs, mattresses, computer keys, chairs, doorknobs) are
considered vectors for cross-contamination in clinical environments.”

MRSA strains cause a significant morbidity and mortality rate among elderly
patients and those with impaired health. It is much less prevalent and seldom fatal for
younger patients. MRSA colonization is uncommon in the healthy host, and its carriage may
be a marker of increased debility.9 Furthermore, community-acquired MRSA infection is
becoming more prevalent.'®!!

Due to the high clinical relevance of MRSA strains, some recent studies have
accessed the in vivo effects of antimicrobial agents against these microorganisms by using
infection models in animals.'*"*

The aim of this study was to evaluate the pathogenicity of methicillin-resistant S.
aureus 1isolated from a dental clinic environment and S. aureus ATCC 25923 in

granulomatous tissues and to observe the efficacy of amoxicillin and vancomycin against

these microorganisms in an infection model in rats.
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Material and Methods

Bacterial strains. A PSSA type culture (ATCC 25923) and a clinical isolate of MRSA
(CATS5; isolated from the dental clinics of Piracicaba Dental School, Sao Paulo, Brazil),
were used. The isolates were stored at -80°C in BHI broth (Merck, Darnstadt, Germany)
with 20% (v/v) glycerol (Sigma Chemical Co., St Louis, MO, U.S.A.). Antibiogram assays
(data not shown) showed that both PSSA and MRSA strains were vancomycin susceptible.
MRSA was penicillin, methicillin and oxacillin resistant.

Antimicrobial agents. Amoxicillin trihydrate and vancomycin were obtained from Sigma
Chemical Co. (St Louis, MO, U.S.A.). Physiological saline solution (0.9% NaCl) was
administered to the control animals and was also used to dilute both antimicrobial agents.
Animals. One hundred and eighty adult male Wistar rats (Rattus norvegicus- albinus), 60
days of age and weighing 175+£25g, were obtained from CEMIB-UNICAMP (Centro de
Bioterismo-ICLAS Monitoring/Reference Center, Campinas, Brazil) where they were
maintained under aseptic conditions. The Institutional Committee for Ethics in Animal
Research, University of Campinas — Unicamp approved all procedures (protocol # 423-1).
Granulomatous tissue model. Granulomatous tissue was induced as previously
described.">'° Briefly, four sterilized polyurethane sponge discs (density 35 kg/m’) were
subcutaneously implanted in the back of all rats. These sponge discs (Proespuma Com. &
Ind. Ltd., Sao Paulo, Brazil) were 12 mm in diameter and 5 mm thick, weighing
12.1£0.81mg. Figure 1 shows the position of implanted sponges. After 14 days of sponge
positioning, a careful antisepsis was carried out in the back of all animals and PSSA was

injected (0.5 ml of suspension of 10%fu/ml) into the two granulomatous tissue samples at
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the tail position of 90 animals. MRSA was injected under the same conditions mentioned
above in the other 90 animals.

Experimental groups. Two days after infection, all animals were assigned into six groups
of thirty animals each considering the drugs and bacterial strains tested: G1- amoxicillin 50
mg/kg/p.o. and PSSA; G2 - amoxicillin 50 mg/kg/p.o. and MRSA; G3 - vancomycin 50
mg/kg/i.p. and PSSA; G4 - vancomycin 50 mg/kg/i.p. and MRSA; G5 - physiological
saline (0.9% NaCl) 1.0 ml/p.o. and PSSA; G6 - physiological saline (0.9% NaCl) 1.0
ml/p.o. and MRSA. All drugs were administered in single dose. Subsequently, each group
was subdivided into three different periods of time (10 animals each) in order to collect the
samples.

Surgical and sampling procedures. After 6, 24, and 48 hours of drugs administration, 10
rats of each group were killed via inhalation of CO, followed by cervical dislocation. Each
infected granulomatous tissue sample was then removed and separately placed in
eppendorfs with 1 ml of 0.9% NaCl solution. These tubes were weighed before and after
tissue insertion. Their content was dispersed using an ultrasonic system (Vibra Cell 400W,
Sonics & Materials Inc., Danbury, CT, U.S.A.) and diluted 100 and 1000 times in saline
solution. Ten microliters of the resulting suspensions were spread on salt mannitol agar
(Merck, Darnstadt, Germany) in triplicate and incubated (Fanem Model 002 — Sao Paulo,
Brazil) at 37°C during 18 hours. After incubation, resulting colonies were counted using a
manual colony counter and submitted to the Multifactorial ANOVA (software Systat
10.2®). In addition, weight results were submitted to the Multifactorial ANOVA (software

Systat 10.2%). Tissue and serum concentrations obtained in each period of time were
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submitted to the impaired ¢ test (software Bioestat 1.0%° for Windows®) in order to compare
the PSSA and MRSA groups considering each antibiotic.

Instrumentation and chromatographic conditions. The liquid chromatography
equipment consisted of a Varian Model 9012 HPLC pump and a manual Rheodyne 7125
injection valve equipped with a 50ul loop (Varian Inc. Corporate, Palo Alto, USA). The
chromatographic separations were carried out using a Lichrospher column 100 RP18
(125mm x 4mm x Sum, Merck, Darnstadt, Germany). The separated components were
detected using a Varian Model 9050 with UV-VIS detector (Varian Inc. Corporate, Palo
Alto, USA). The detection signals were obtained using the Star 9050 integrator software
(Varian Inc. Corporate, Palo Alto, USA). Amoxicillin and vancomycin analyses were
performed by using adapted and validated methods.'”"® All analyses were performed at
room temperature.

Preparation of standard solutions for HPLC analysis. The standard stock solutions of
amoxicillin and vancomycin were diluted ranging from 0.1pg/mL to 100pug/mL, and stored
in the dark at 4°C. Drug-free serum and tissue samples were prepared by adding the

amounts of amoxicillin and vancomycin to achieve the calibration curves.

Results

The weight values (mean * s.e.m.) of the granulomatous tissue considering each
group are shown in Figure 2. No statistically significant difference (p>0.05) was observed
among the weights of non-infected tissues. According to the Multifactorial ANOVA, the

weight of the infected tissues was determined by the strains (MRSA or PSSA). MRSA
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infection induced higher weight values when compared to the ones infected by PSSA
(p<0.05) regardless the treatment used. In addition, infected tissues exhibited higher
weights when compared to non-infected tissues (p<0.05) and the period of time did not
affect the weights, except for control group of MRSA and amoxicillin and control groups of
PSSA-infected tissues.

Figures 3 and 4 show microorganism counts (cfu/g + s.e.m.) of granulomatous
tissues infected with PSSA and MRSA, respectively. Considering PSSA infected tissues,
vancomycin significantly reduced (p<0.05) the microorganism counts after 6 hours when
compared to all other periods and treatments. At 6h-period control group showed the
highest level of bacteria, which significantly decreased (p<0.05) after this period.
Amoxicillin did not have marked effect against the strains along the time (p>0.05).

A different profile was verified in the microorganism levels in the tissues infected
by the MRSA strain. Neither saline solution nor amoxicillin were able to reduce MRSA
counts (p<0.05). Statistically significant reduction in MRSA counts (p<0.05) was observed
only after 6 hours of the administration of vancomycin.

The quantification limits of amoxicillin and vancomycin of HPLC assays were
0.39ug/mL and 0.78ug/mL, respectively, which allowed the quantification of the
antimicrobial agents only at the 6hour period.

Figures 5 and 6 show the serum and tissue concentration of amoxicillin and
vancomycin, respectively, according to the strain used to induce the infection. Amoxicillin
and vancomycin serum concentrations were not influenced (p>0.05) by the strain used to
induce the infection. However, the strains had influence over the amoxicillin tissue

concentration, since tissues inoculated with MRSA revealed a lower concentration of
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amoxicillin (p<0.05). The tissue concentration of vancomycin was also not influenced by

the strain used to induce the infection (p>0.05).

Discussion

Adherence is one of the most important phenomena for infection establishment.*
The ability of S. aureus to adhere on extracellular matrix proteins is thought to be
responsible for its colonization and ability to cause infection.”! Except for the later groups
where vancomycin were administered (24 h and 48h of PSSA strain), all tissues inoculated
with bacteria showed visible infection, which was characterized by purulent secretion (eye
examination) confirmed by bacterial counting. Thus, the granulomatous tissue used in the
present study could provide a good surface to bacterial adherence. Some important
characteristics for an infection model, such as simplicity of the technique, reproducibility,
measurability, and tissue involvement™ are found in the model used in the present study.

The weight values of non-infected tissues in the present study were also used to
verify the standardization of surgical procedures. The absence of differences among them
(Figure 2) indicated that the surgical phases could not be considered as a source of
variability, probably because only one investigator was responsible for all procedures.*

When compared to PSSA infected tissues, the ones infected with MRSA showed
higher weight values suggesting a major pathogenicity of MRSA strain. The pathogenesis
of MRSA is attributed to the combined effects of extracellular factors and toxins, together
with increased invasive properties such as adherence, biofilm formation, and resistance to

phagocytosis.**
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Usually a large inoculum is required to establish a reproducible infection in animals,
especially in rats. This large inoculum may be needed to overcome host defences, but may
result in a fulminant course of infection.”” The host defence could be responsible for the
reduction of the bacterial number and, as a result, the reduction on weight of infected
tissues (PSSA and MRSA) of animals submitted to saline solution (control groups).

After two days and six hours of infection course, both control groups (MRSA and
PSSA) showed a lower levels of colony forming units (approximately 4x10%cfu/g) in
comparison to the large initial inoculum utilized (5x10’cfu). This finding is in compliance
with those observed in previous studies, reporting infection establishment in granulomatous
tissues two days after inoculation.'>'® Although the host defense system of the rats
certainly had influenced the number of bacteria and the tissue weight, MRSA strain appear
to be lower sensible to the host than PSSA (Figure 2).

Amoxicillin levels in serum or tissue at 6 hours after drug administration exceeded
the minimum inhibitory concentration (MIC) for penicillin-susceptible S. aureus strains.”
However, this level was not enough to keep a significant reduction in the PSSA number in
the later periods. Even at large doses used in the present study, amoxicillin was not able to
eradicate the susceptible strain. A slow bacterial growth at the infectious site and the
biofilm structure might affect the efficacy of amoxicillin.® In addition, the reduction of
amoxicillin concentration between 6 and 24 hours could greatly contributed to the
eradication failure.

The serum and tissue concentrations of amoxicillin found in the present study were

15,16

similar to or slightly lower than those observed in previous studies. However, a

significant difference was observed considering infected and non-infected tissues,
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especially for MRSA-infected tissues. The inoculum effect (loss of efficacy against dense
microbial populations) affects the ability of an antimicrobial agent to penetrate to the core
of the infection.”” Besides, a larger mass of bacteria results in more glycocalyx production
and reduced pH, which might explain the low amoxicillin concentrations observed in
infected tissues.”

As expected, the MRSA strain was also resistant to amoxicillin in the in vivo model.
The ability to reduce the antimicrobial concentration on the site (Figure 5), probably due to
antibiotic lysis by beta-lactamase, could be responsible for the survival of MRSA strain
against the high dose of amoxicillin.

Virtually all S. aureus strains, including most coagulase-negative staphylococci, are
susceptible to vancomycin.” In the present study, a single dose of vancomycin killed all
bacteria growing in the PSSA-infected tissue between 6h and 24h. Probably, the capacity of
injuring protoplasts by altering the permeability of their cytoplasmic membrane and
selectively inhibiting RNA synthesis *° could contributed to the observed effect against
PSSA cells. In addition, vancomycin exhibits minimal concentration-dependent killing, but
a moderately long in vitro postantibiotic effect, which maybe has supplementary effect. **'

There is no cross-resistance between the beta-lactams, which inhibit cell wall
biosynthesis in the third phase, and vancomycin, which prevent cross-linking of the cell
wall peptidoglycan during the second stage. In addition, there is no competition for binding
sites between both drugs.”” Thus, it is expected that vancomycin could eradicate even
penicillin-resistant bacteria.

A significant reduction induced by vancomycin was observed in the present study,

considering the tissue infected with the MRSA strain. Although significant when compared
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to the absence of effect of the other treatment, the observed bacterial reduction was not
expressive. Many reasons could be responsible for this observation. First, just one dose was
administered and it was clearly not enough to kill all bacteria. Besides, like penicillins,
vancomycin requires actively growing bacteria to exert its effect.® The biofilm induced by
the present model did not stimulate the bacterial growth. In fact, Figure 3 evidences the
decline of bacterial population even when saline solution was administered. Second,
vancomycin retains activity between local pH 6.5 and 8 and it is possible that the resulting
abscesses had lower values of pH. Finally, although it is known that the concentrations
achieved in abscess fluid approach those obtained in serum, vancomycin is eliminated by
glomerular filtration, with 80% to 90% of dose appearing in the urine within 24 hours. *
Probably, in the second period of the present study, the single dose of vancomycin was
almost all excreted.

Because most infections do not occur in plasma but rather in tissue sites
(extracellular fluid), the ability of antibiotics to reach the target sites is a key determinant of
clinical outcome. It is very important to realize that the free (unbound) antibiotic in the
interstitial fluid at the target site is the real responsible for the antibacterial activity. Free
antimicrobial concentrations in tissue are more relevant than serum concentrations in
predicting therapeutic efficacy.”” The differences between tissue and serum levels of
vancomycin could be explained by the poor tissue diffusion of vancomycin and the
plasmatic half-life (5-6 hours).>* Moreover, the poor tissue diffusion may also explain the
similarity of vancomycin concentrations between infected and non-infected tissues in this

period.
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It remains unclear whether vancomycin levels need to be maintained constantly
above the MIC for clinical efficacy. A previous study stated that vancomycin levels should
constantly exceed the MIC when a MRSA strain is the pathogen.35 Furthermore, MRSA has
the ability to remain alive and to spread inside polymorphonuclear (PMN) cells, where it is
prevented from being killed and are then released when PMN are disrupted during
apoptosis.”® These facts might contribute to explain the low sensitivity of vancomycin
observed in group 4.

A positive correlation between minimal inhibitory concentrations or other in vitro
tests and successful resolution of infection process in vivo has not been uniformly
demonstrated.’” The nature and virulence of the infection, exponential versus stationary
microbial growth phases, local factors (pH, inoculum size and blood supply) antibiotic
pharmacokinetics and host resistance can all significantly affect antimicrobial efficacy.”’
The present study confirms the difficulty to establish a good in vitro/in vivo correlation.
Both strains used showed differences between their in vitro/in vivo antimicrobial resistance
profile, since PSSA strain was considered susceptible to amoxicillin but the drug failed to
eradicate the bacteria. MRSA was considered susceptible against vancomycin but it also
failed. Probably a complete scheme including more doses distributed during larger periods
will produce different results.

Many previous studies have been shown the high pathogenicity of MRSA in
different infection models.”® It becomes more evident that these microorganisms use very
efficient strategies to circumvent and misguide the host defenses in order to colonize and
invade tissues.”” The spread of pathogens such as MRSA justifies the use of suitable means

. . . . . .. . . 40
of infection control and continuous surveillance on its antimicrobial resistance.”™ At least
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two cases of cross-infection caused by MRSA, from a general dental practitioner to
patients, have been reported.41

In conclusion, a single dose of amoxicillin did not affect the curse of infection
induced by a penicillin-susceptible strain. The MRSA strain isolated from a clinical
environment showed high pathogenicity in comparison to a penicillin-susceptible S. aureus

strain and it was not eradicate by a single dose of vancomycin.
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Figure 1. Schematic representation of sponge positioning.
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Figure 2 - The weight values (mean * s.e.m.) of the granulomatous tissue

considering each group.
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Figure 3 — Mean values (+ s.e.m.) of microorganism counts (cfu/g in log scale) of
groups 1, 3 and 5 (inoculated with PSSA strain). Different letters mean statistically

significant differences (p<0.05) among groups.

73



Capitulo 111/

100000 - .
A ————====c=x S — a
. e
10000 - a Q\f—
= b f
=1}
E b
&
=z 1000 -
g — [0 — CONTROL
8 —O— AMOXICILLIN
< 100 - —@— VANCOMYCIN
95
=
10 -
1 T T T T T T T T T 1
0 5 100 15 20 25 30 35 40 45 50

Time (hours)

Figure 4 — Mean values (+ s.e.m.) of microorganism counts (cfu/g in log scale) of
groups 2, 4 and 6 (inoculated with MRSA strain). Different letters mean statistically

significant differences (p<0.05) among groups.
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Figure 5 — Serum and tissue concentrations (mean + s.e.m.) of amoxicillin in the
different periods considering groups 1 and 2. Different letters (capital letters for tissue and

small letters for serum) mean statistically significant differences (p< 0.05).
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small letters for serum) mean statistically significant differences (p< 0.05).
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4. Conclusoes Gerais

4.1. — Artigo 1 - A atividade clinica aumenta a contaminacdo em ambientes

clinicos odontolégicos, onde os estreptococos foram os microrganismos mais prevalentes.

4.2. — Artigo 2 — A atividade clinica aumenta a contaminacao por Staphylococcus
aureus no ambiente clinico odontolégico, demonstrando a necessidade de um adequado
controle de contaminacdo cruzada nestes ambientes uma vez que OS microrganismos

1solados demonstraram alta resisténcia aos antimicrobianos testados.

4.3. — Artigo 3 — A amoxicilina em dose tnica ndo foi capaz de interferir na
infeccdo induzida pela cepa de S. aureus sensivel a penicilina. A cepa de S. aureus
resistente a meticilina, isolada do ambiente clinico, mostrou uma alta patogenicidade em
comparacao com a cepa sensivel a penicilina e, além disso, a mesma nao foi erradicada por

uma dose Unica de vancomicina.
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