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RESUMO

Objetivo: Avaliacdo microbiolégica da agua utilizada em equipos odontoldgicos,
identificacdo de bacilos Gram-negativos ndo fermentadores (BGNNF) e sua
capacidade de aderir ao poliestireno e atividade antimicrobiana de desinfetantes
nas amostras identificadas.

Métodos e Resultados: Contagens de bactérias heterotréficas e identificacao de
BGNNF foram realizadas em amostras de agua coletadas de 25 equipos
odontolégicos (seringa-triplice e reservatorio). Das amostras coletadas da
seringa-triplice 88% estavam fora dos padrdes de potabilidade e das coletadas do
reservatorio 68%. Em 88% dos equipos odontologicos o niamero de bactérias
isoladas do reservatorio foi menor que as da seringa-triplice. Varios géneros de
BGNNF foram isolados sendo o Methylobacterium spp. encontrado em maior
porcentagem (19,7%). Os BGNNF foram avaliados quanto a capacidade de aderir
ao poliestireno e quanto a atividade antimicrobiana aos seguintes desinfetantes:
hipoclorito de sédio (0,06%, 0,12%, 0,25%, 0,5%) e clorhexidina (0,03%, 0,06%,
0,12%). Das amostras, 85,04% apresentaram fraca aderéncia ao poliestireno. O
hipoclorito de sodio a 0,25% inativou 100% dos BGNNF em 10 minutos, enquanto
que a clorhexidina testada na concentracdo mais alta (0,12%) inativou 98,5% .
Conclusao: Estes resultados indicam a necessidade de tratamento da agua
utilizada nos equipos odontolégicos.

Importancia e impacto do estudo: Este estudo fornece informacdes do
problema de contaminacdo das mangueiras de agua dos equipos odontoldgicos
(MAEOSs). A descontaminacdo das MAEO pode ser realizada com hipoclorito de
sédio a 0,25% (metade da concentracdo preconizada na literatura). Entretanto
mais estudos quanto a periodicidade da descontaminacdo das MAEO sao

necessarias.



KOTAKA, Cinthia Regiane. Evaluation of the level of microbial contamination
and prevalence of Gram-negative nonfermentative rods in dental unit
waterlines. Dissertation (Master of Microbiology) — State of University of Londrina.

ABSTRACT

Aims: Microbiological evaluation of the water used in dental units, identification of
Gram-negative nonfermentative rods (GNNR) and their ability to adhere to
polystyrene and antimicrobial activity of disinfectants on the identified strains.
Methods and Results: The heterotrophic bacteria count and GNNR identification
were performed on water samples collected from 25 dental units (air/water syringe
and reservoir). Of the collected samples from air/water syringe, 88% were out of
the potability standards, as were 68% of the samples from reservoirs. In 88% of
the dental units, the number of isolated bacteria from the reservoir was lower than
from the air/water syringe. Several GNNR genus were isolated, being
Methylobacterium spp. found in highest percentage (19.7%). The GNNR were
assessed for their capability to adhere to polystyrene and for the antimicrobial
activity to the following disinfectants: sodium hypochlorite (0.06%, 0.12%, 0.25%,
0.5%) and chlorhexidine (0.03%, 0.06%, 0.12%). 85.04% of the samples showed
weak adherence to polystyrene. Sodium hypochlorite at 0.25% inactivated 100%
of GNNRs in 10 minutes, while the highest tested concentration chlorhexidine
(0.12%) inactivated 98.5%.

Conclusions: These results indicate a need for treatment of the water used in
dental units.

Significance and Impact of the Study: This study provides information on the
problem of dental unit waterlines (DUWL) contamination. The decontamination of
DUWL can be performed with sodium hypochlorite at 0.25% (half the
concentration preconized in the literature). However, further studies regarding

DUWL decontamination frequency are necessary.
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1 INTRODUCAO

O controle da infec¢do cruzada no consultério odontologico tem
merecido grande atencdo dos profissionais da area e apesar dos esforgcos para
manter a cadeia asséptica utilizando instrumentos esterilizados, equipamentos de
protecao individual e protocolos de desinfec¢cdo, outras medidas preventivas sao
necessarias para impedir a propagacado de doencas. Um dos pontos criticos € o
controle bacteriologico da agua utilizada no equipo odontolégico (LEE et al., 2001;
MILLS, 2000; PANKHURST & PHILPOTT-HOWARD, 1993; TIPPETT et al.,
1988). Apesar do relato na literatura da utilizacdo de varios métodos para reduzir
ou eliminar essa contaminacédo bacteriana (PUTTAIAH et al., 1998; MURDOCH-
KINCH et al., 1997; FIEHN & HENRIKSEN, 1988; MILLS et al., 1986; KELSTRUP
et al.,, 1977), a agua utilizada durante o tratamento odontolégico continua muito
abaixo dos padrbes de potabilidade (MEILLER et al., 2000; WALKER et al., 2000;
XAVIER et al., 2000; MAYO et al., 1990).

O Ministério da Saude (Portaria n°® 1469, 29 de dezembro de
2000) menciona que para a agua ser considerada segura para 0 cONsSuUmMoO
humano, podera conter no maximo 500 unidades formadoras de colbnia por
mililitros (UFC/mL) desde que livre de coliformes. Esse padrdo também é adotado
para a agua utilizada nos equipos odontoldgicos no Brasil (BIANCHI et al., 1998;
FANTINATO et al., 1992). Nos Estados Unidos, o Centers for Disease Control and
Prevention (CDC) e a American Dental Association (ADA) recomendam que a
agua utilizada para procedimentos néao-invasivos ndo exceda 200 UFC/mL, e para
procedimentos cirdrgicos com exposicado 0ssea, que a agua seja esteéril (MILLS,

2000; ANONYMOUS, 1999).
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Véarios pesquisadores encontraram numeros elevados de
bactérias heterotréficas no sistema de agua nas unidades dentais (SOUZA-
GUGELMIN et al., 2003; XAVIER et al., 2000; WALKER et al., 2000; WILLIAMS et
al., 1993; FANTINATO et al., 1992; GROSS et al., 1976), que pode ocorrer devido
a succao dos microrganismos da microbiota da boca do paciente, ou ser
decorrente da multiplicacdo dos microrganismos contidos na &agua de
abastecimento. Apesar da possibilidade de ocorrer a aspiracdo dos
microrganismos durante o tratamento odontologico, valvulas anti-retracao
instaladas nas pecas de méao (canetas de alta e baixa rotacdo) dificultam que
bactérias da cavidade oral contaminem as unidades dentais (WHITEHOUSE et
al., 1991). Além disso, os trabalhos mostram que a maioria dos microrganismos
que contaminam a mangueira de agua dos equipos odontolégicos (MAEO) sédo
geralmente bacilos Gram-negativos isolados de agua. Muitos desses
microrganismos pertencem a classe dos bacilos Gram-negativos nao
fermentadores que compreendem um grupo de bactérias oportunistas, que podem
causar varias doencas, principalmente em individuos imunocomprometidos
(BARBEAU et al., 1996; WILLIAMS et al.,, 1994a; WILLIAMS et al., 1993;
MARTIN, 1987).

Os equipos odontolégicos sdo equipados por uma rede de tubos
plasticos semi-rigidos de pequeno diametro (2 a 3 mm) que fornecem a agua para
a seringa triplice e para as pecas de mao. A agua utilizada pode ser proveniente
de reservatorios acoplados no equipo ou sobre o0 piso; ou vir diretamente da rede
municipal de abastecimento. Muitas vezes, pode estar contaminada com
microrganismos como Pseudomonas spp., Acinetobacter spp. e Methylobacterium

spp.; dentre outros, facilitando a formag&o de biofilme nas mangueiras dos
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equipos (DONLAN, 2001; MAYO et al., 1990) e fazendo dos biofilmes a principal
fonte de contaminacdo das MAEOs (WILLIAMS et al., 1995; WILLIAMS et al.,
1994a; WHITEHOUSE et al., 1991). Os materiais usados para a confeccado das
mangueiras utilizadas nos equipos (poliuretano, polivinil, silicone) se constituem
em excelentes superficies para a adesao dos microrganismos presentes na agua
(LEE et al., 2001; MILLS, 2000).

A primeira mencdo de biofilme na literatura foi feita por Van
Leeuwenhoek em 1683, quando raspou de seus dentes uma placa bacteriana
(biofilme) e observou os “animaliculos” que formavam aquela comunidade
microbiana. Entretanto, a teoria geral de biofilme so foi divulgada por Costerton et
al. em 1978 (COSTERTON et al., 1978). Esta teoria descreve que a maioria das
bactérias crescem em um biofilme envolvido em uma matriz aderente as
superficies de todos os ecossistemas aquaticos. Nestes sistemas, as bactérias
sésseis (aderidas) diferem profundamente das suas parceiras, bactérias
planctonicas (flutuantes). Atualmente, o biofilme € definido como uma comunidade
de células sésseis que estao irreversivelmente aderidas a uma superficie bidtica
(tecidos ou células) ou abiotica (materiais inertes), produzem e estdo envolvidas
em uma matriz de substancia polimérica extracelular (glicocéalice) e apresentam
uma alteracdo na taxa de crescimento e transcricdo génica (DONLAN &
COSTERTON, 2002).

Processos fisicos, quimicos e biolégicos resultam na formacao do
biofilme: inicialmente h& adsorcdo de moléculas organicas e proteinas do meio
aquatico na superficie do material formando uma pelicula chamada de camada
condicionante. Apdés a formacdo dessa pelicula condicionada, as bactérias

planctonicas presentes no fluido aderem, de inicio, reversivelmente a essa
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superficie e posteriormente a adesdo se torna irreversivel. Essa adesdo ocorre
atraves de diferentes mecanismos como: forcas fisicas, interacdes eletrostaticas,
hidrofobicas, hidrofilicas ou simplesmente pela for¢ca gravitacional (DONLAN &
COSTERTON, 2002; COSTERTON et al., 1987).

As bactérias adsorvidas irreversivelmente se multiplicam e
produzem substancias poliméricas extracelulares formando as microcolénias. O
processo de multiplicacdo das microcolénias continua e o biofilme torna-se
maduro com a formacéo de estruturas denominadas de “cogumelos” e de canais
de agua formados pelo proprio fluxo de agua. No biofilme maduro, inicia-se a
dispersdo de parte das células para a colonizacdo de novas superficies. Com a
dispersdo, as células perdem as caracteristicas de ceélulas sésseis e voltam a
apresentar as mesmas caracteristicas de formas planctonicas (presenca de
flagelo, pili, fimbria). Todos esses processos que ocorrem para a formacao e
dispersao do biofilme (adesado, apoptose, dispersdo) sédo regulados por “sinais”
que fazem a comunicacéo célula-célula (quorum sensing). Estudos em bactérias
Gram-negativas mostram que, quando o0 quorum sensing é ativado ha producao
de homoserinas lactonas, induzindo genes a produzir outros sinais como
expressdo de fimbria, producdo de polimeros extracelular e alteracdes na
arquitetura do biofilme (DAVEY & O'TOOLE, 2000; PRATT & KOLTER, 1999).

As bactérias pertencentes ao biofilme estdo mais protegidas da
acdo dos antimicrobianos (antibidticos, antisépticos, desinfetantes), dos
bacteriéfagos, das amebas fagociticas, dos anticorpos presentes no meio e da
dessecacdo. A resisténcia aos agentes antimicrobianos pode ser devida a
estrutura e fisiologia dos biofilmes. A lenta penetracdo do agente antimicrobiano

através da matriz de polissacarideo extracelular, a menor taxa de crescimento e
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outras alterac@es fisioldgicas no crescimento do biofilme em relagdo ao ambiente
sdo causas da maior resisténcia das ceélulas do biofilme se comparado com as
células plancténicas (DONLAN & COSTERTON, 2002). Por estarem aderidas a
uma superficie sdo mais dificilmente carregadas pelo fluxo (DONLAN, 2001,
MAYO et al., 1990).

O estudo da dinamica de formacéo do biofilme foi realizado por
Tall et al. (1995). Dois equipos com tubula¢des novas foram utilizados no estudo.
Apo6s 30 dias de uso as tubulacfes apresentaram microcolénias e com 60 dias ja
havia a formacao do biofilme. As bactérias presentes na tubulacdo e na agua da
tubulacdo foram estudadas e 21 espécies foram identificadas. Houve a
predominancia de Pseudomonas spp. e a presenca de outros microrganismos
como Flavobacterium spp., Moraxella spp., Achromobacter spp., Acinetobacter
spp., Aeromonas spp. e Ochrobactrum spp.

Devido a grande variedade e ao dificil cultivo das bactérias
presentes na agua e nas tubulacdes dos equipos odontolégicos ha uma grande
variedade de métodos descritos na literatura, sendo que o meio de cultura e a
temperatura sdo fatores que podem influenciar o numero e o tipo de
microrganismos recuperados (WILLIAMS et al., 1994b). Walker et al. (2000)
utilizaram varios meios de cultura (dgar sangue, agar R2A, agar MacConkey, CFC
suplementado com SR103, dentre outros) e diferentes condi¢cdes de incubacao na
tentativa de recuperar uma maior diversidade de microrganismos.

Williams et al. (1994b) compararam 3 meios de cultura: agar
peptona diluida, tryptic soy agar (TSA) e agar sangue de carneiro; e diferentes
temperaturas de incubacdo: 25°C e 37°C. O meio agar peptona diluida

apresentou contagens maiores estatisticamente significativas que os demais,
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porém com desvantagem do longo periodo de incubacédo. A temperatura de 25°C
garantiu melhor recuperacéo de bactérias, visto que sendo elas pertencentes ao
meio ambiente, ao contrario aos isolados em humanos, estdo melhor adaptadas a
crescer nessas temperaturas.

Segundo Pederson et al. (2002) e Mills (2000) os métodos
propostos para reduzir a contaminacdo das MAEO incluem: uso de reservatérios
independentes ao da rede publica; tratamento com agentes quimicos; uso de
filtros; sistemas de agua estéril; valvulas anti-retracao.

Os reservatérios de agua independentes ao da rede publica
devem ser monitorados quanto a qualidade da &agua utilizada e podem ser
tratados com desinfetantes continuamente ou periodicamente, ou utilizando filtros
(PEDERSON et al., 2002; MILLS, 2000; ANONYMOUS, 1999). O uso continuo
consiste de um tratamento de choque inicial utilizando o produto em alta
concentracdo durante curto periodo de tempo e em seguida, 0 uso continuo com
doses baixas do produto, garantindo menor potencial de recolonizacdo. Porém
apresenta as desvantagens de causar danos aos equipamentos, interferir na
aderéncia dos adesivos dentinarios além da exposi¢ao crénica dos profissionais
da area odontologica aos agentes quimicos. O uso intermitente pode ser realizado
utiizando o agente quimico em altas concentracdes periodicamente. A grande
vantagem é o fato do produto ndo entrar em contato com o paciente. Mas a
possivel sobrevivéncia dos microrganismos, o uso de produtos concentrados e o
possivel dano aos equipamentos sdo as grandes desvantagens dessa técnica
(MILLS, 2000).

Véarios produtos foram utilizados para a descontaminacdo dos

sistemas de agua dos equipos odontolégicos incluindo, entre outros, 0s seguintes
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germicidas: Tween 80 (KELSTRUP et al., 1977); hipoclorito de sédio (NaOCI)
(KIM et al., 2000; WALKER et al., 2000; PANKHURST & PHILPOTT-HOWARD,
1993; FIEHN & HENRIKSEN, 1988); glutaraldeido (MEILLER et al., 1999);
digluconato de clorhexidina (MEILLER et al.,, 2001; WALKER et al., 2000);
antisépticos orais (MEILLER et al., 2000); acido acético em associacdo com
hipoclorito de sodio (PUTTAIAH et. al., 1998); acido cloridrico (JORGENSEN et
al., 1999); peréxidos alcalinos (LEE et al., 2001); etileno diamino tetra acetil
(EDTA) (MONTEBUGNOLI & DOLCI, 2002) e polivinilpirrolidona-iodo (PVPI)
(MILLS et al., 1986) porém ndo ha um consenso sobre qual produto € o mais
adequado. O agente quimico ideal seria aquele que nao possuisse propriedades
corrosivas, nao tivesse odor ou gosto ruim, ndo provocasse efeitos deletérios para
0s pacientes, nao interferisse na adeséao resina — dentina/esmalte (PEDERSON et
al., 2002), fosse de baixo custo, de facil uso e tivesse boa atividade bactericida
(MILLS, 2000).

Kelstrup et al. (1977) analisando amostras de agua e tubulacdes
de equipos de escolas e clinicas de odontologia na Dinamarca isolaram e
identificaram cepas de Pseudomonas, Aeromonas, Acinetobacter, Alcaligenes,
Flavobacterium e Moraxella. O uso rotineiro de Tween 80 a 4% no tratamento
desses equipos removeu bactérias e fungos sem causar corrosao nos equipos.

Em 1986, Mills et al. avaliaram o uso do PVPI a 10% na
descontaminacdo das MAOEs. Antes da descontaminacdo foram encontradas
cepas de Sphyngomonas paucimobilis, Flavobacterium spp., Flavobacterium
grupo llb, P. cepacea, P. maltophilia, Bacillus spp., B. subtilis, Streptococcus spp.,
Staphylococcus spp., dentre outros. ApGs o tratamento durante 12 horas, ndo

houve crescimento de microrganismos, mostrando que o PVPI 10% pode ser
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utilizado para reduzir a colonizacdo microbiana nas tubulagdes de agua dos
equipos. Apenas 0 uso de agua estéril, sem a prévia descontaminacdo, nao
reduziu o numero de UFC.

Em 1988, Fiehn & Henriksen verificaram que o uso de 0,5 a 1
partes por milhdo (ppm) de cloro ativo durante 10 minutos diariamente reduz a
contagem bacteriana, podendo ser utilizado para a desinfeccdo das MAEOs.
Esses resultados foram similares aos do uso continuo de cloro sendo assim mais
indicado devido a menor corrosao nos equipamentos e menor toxicidade.

O trabalho realizado por Whitehouse et al. (1991) mostrou que
somente apds 0 acionamento da seringa triplice por 20 minutos 0s equipos néo
apresentaram contaminacgdo. A recontaminagdo ocorreu em 30 minutos em um
equipo e nos demais, em 48 horas. Bactérias pertencentes a diferentes géneros
foram isolados, sendo dois identificados como: Methylobacterium spp., S.
paucimobilis e os demais, a identificacdo foi duvidosa em Neisseria elongata,
Pseudomonas spp. e Flavobacterium spp.

Williams et al. (1993) em seu estudo realizado nas regioes oeste e
nordeste dos Estados Unidos, coletando agua de equipos odontolégicos,
encontraram uma grande variedade de microrganismos como Pseudomonas spp.,
Pasteurella spp., Streptococcus spp., Staphylococcus spp., Acinetobacter spp.,
Klebsiela pneumoniae, Flavobacterium tridologenes, entre outras.

Williams et al. (1995) acompanharam a formacao do biofilme em
mangueiras de equipos novos recém-instalados e observaram que em uma a
duas semanas ha a presenca de microcolbnias e apds seis meses, ha formacao

de biofilme maduro.
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No estudo de Barbeau et al. (1996) realizado na Universidade de
Montreal no Canada, foram coletadas amostras de agua antes do uso e dois
minutos ap0s 0 acionamento da seringa triplice e da caneta de alta rotacao
(ARO). O acionamento durante 2 minutos reduziu as contagens em 96%. Foram
necessarios pelo menos 8 minutos para que as contagens ficassem inferiores a
500 UFC/mL. S. paucimobilis, P. aeruginosa, A. calcoaceticus e M. mesophilicum
foram as mais frequentes, sendo que as duas primeiras estavam presentes em
todos os equipos. Também encontraram P. putida, P. maltophilia, P. fluorescens,
P. vesiculares, P. acidovorans, Actinomyces spp. e Bacillus spp.

O acido cloridrico a 10% foi utilizado durante 12 horas para a
desinfeccdo das MAEOs (tratamento de choque) e semanalmente a desinfeccao
foi realizada utilizando solucdo de NaOCI 0,5% durante 10 minutos. ApOs 0s
tratamentos, foram realizados enxagle das mangueiras utilizando agua esteéril.
Apesar do acido cloridrico ter promovido uma significante reducdo no niumero de
bactérias, ndo € um produto recomendado pelos fabricantes (JORGENSEN et al.,
1999).

NaOCI 5,25%, glutaraldeido 3% e o isopropanol 1,5% foram
utilizados durante 15 horas no tratamento das tubula¢gdes dos equipos. Nao houve
o crescimento de microrganismos e a recolonizacdo ocorreu apos 24 horas devido
a presenca de biofilme remanescente (MEILLER et al., 1999).

Listerine® (mistura de 6leos essenciais, timol, menta, eucalipto e
metilsalicilato) foi utilizado para o tratamento das MAEO por Meiller et. al. (2000).
O seu uso na diluicdo 1:50 durante 18 horas inibiu a formacao do biofiime em

equipos novos por 7 dias. Tratamentos multiplos (3 dias consecutivos) de 18
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horas néo eliminaram a matriz de biofilme nos equipos que estavam em uso, mas
manteve a qualidade da agua a niveis aceitos pela ADA.

Como o0s equipos odontologicos podem ser abastecidos com
diferentes tipos de agua (deionizada, destilada, agua leve e agua pesada)
provenientes de diferentes fontes (reservatorios independentes tipo garrafa, rede
publica ou sistemas de tanques), Walker et al. (2000) avaliaram a contaminacao e
formacao de biofilme nesses diferentes sistemas, com e sem sanitizantes (NaOCI
2% e clorhexidina 0,2%). Esse estudo mostrou que o numero de UFC variou com
o tipo de agua utilizada, sendo que as maiores contaminacfes foram obtidas
utilizando agua destilada tratada e com reservatorios independentes. A explicacao
porqué a agua tratada obteve contagens maiores estatisticamente significativas
que a nao tratada é pelo fato de que a descontaminacéo utilizando detergentes ou
acidos inorganicos (acido hipocloroso) podem elevar a liberagcdo de
microrganismos do biofilme e aumentar o nimero de UFC na agua.

Kim et al. (2000) utilizando agua pasteurizada, atingiram a meta
da ADA de maximo de 200 UFC/mL. Testaram também o NaOCI em duas
concentracdes 0,5% (5000 ppm) e 0,15% (1500 ppm) para o tratamento da agua
das mangueiras dos equipos odontolégicos. Como ndo houve diferenca
estatisticamente significativa entre as duas concentra¢des, sugeriram 0 uso da
menor concentracao para manter a boa qualidade da agua.

No estudo de Meiller et al. (2001) varios produtos foram avaliados
dentre eles, 0 NaOCI 0,5%, o Listerine® e o Peridex® (digluconato de clorhexidina
0,12%). Apos o tratamento dos equipos durante 18 horas, todos os produtos

foram efetivos para a desinfec¢cao das MAEOS.
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Os sistemas de agua estéril sdo eficazes, porém extremamente
caros (PEDERSON et al.,, 2002). Devido ao elevado custo, € indicado para
procedimentos cirdrgicos uma vez que o sistema autoclavavel evita a formacao do
biofilme (ANONYMOUS, 1999).

Os filtros com membranas de microporos (0,2 pum) eliminam
satisfatoriamente os microrganismos, mas nao 0s minerais, cCompostos organicos
e principalmente as endotoxinas (MILLS, 2000). Sdo instalados na saida de agua
e devem ser trocados periodicamente. Embora haja um pequeno numero de
trabalhos que atestam a sua efetividade, o seu uso estd bem aceito em setores
meédicos e industriais, podendo ser usados associados com outros tratamentos
(ANONYMOUS, 1999).

Trabalho realizado por Murdoch-Kinch et al. (1997) mostrou que o
uso de filtros (0,22 um) utilizados na seringa triplice e na caneta de alta rotacao
foram eficazes para reduzir a contaminacdo microbiana nas mangueiras dos
equipos odontologicos. Além disso, os fabricantes também recomendam a
instalacdo de valvulas anti-retracdo, uso de agua destilada, troca diaria da agua
dos reservatorios, esgotamento das linhas de agua ao fim do expediente e “flush”
semanal com NaOCl a 0,5%.

ADA e o CDC (MILLS, 2000; MEILLER et al., 1999) recomendam
que protocolos sejam seguidos para o controle da infec¢ao cruzada no consultorio
odontolégico. Dentre eles estd o acionamento das pecas de mao no inicio do
expediente (2 minutos) e entre o atendimento dos pacientes (20-30 segundos). A
esse acionamento temporario para 0 escoamento da agua estagnada nas
tubulacbes e para eliminacdo de possiveis microrganismos provenientes da

cavidade oral do paciente da-se o nome de “flushing”. Pode ser realizado
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acionando apenas a agua do reservatério ou usando solucdes desinfetantes que
sdo adicionadas ao reservatorio (FAYLE & POLLARD, 1996). Ha controvérsias
quanto a efetividade do “flushing” realizado apenas com agua. Segundo Williams
et al. (1993) o “flush” continuo com agua durante 2 minutos reduziu em um tergo
as contagens quando comparadas com os valores de "pré-flushing”. Mills et al.
(1986) garantem que esse procedimento pode ser eficaz na remocéao de bactérias
planctonicas, mas € ineficaz na eliminacdo de bactérias pertencentes ao biofilme.
Gross et al. (1976) concluiram que o “flushing” durante 2 minutos ndo reduziu
significantemente a concentracdo microbiana das linhas de agua. Segundo Mayo
et al. (1990) o “flushing” apenas com agua durante 6 minutos reduziu as
contagens de 10’ para 10* UFC/mL, sugerindo que esse procedimento seja
realizado com biocidas.

Fabricantes de equipamentos estdo desenvolvendo sistemas de
flush automaticos com solucdes desinfetantes. Fayle & Pollard (1996) descrevem
o sistema (Castellini Autosteril), eficaz para o controle de Pseudomonas e
Moraxella, mas ineficaz na eliminacdo de esporos de Bacillus megaterium. Além
disso, apresenta desvantagens como o0 uso de uma solucéo de glutaraldeido 2%,
o sistema demora 7 minutos para a desinfeccdo entre os pacientes, e o “flushing”
nao atinge as mangueiras de agua da seringa triplice, somente as linhas de agua
das pecas de mao. Outro fabricante desenvolveu um sistema que adiciona
continuamente peréxido de hidrogénio (Kavo Systematic), mas nédo ha dados que
atestem a eficacia deste produto.

No Brasil had dois sistemas de flush automaticos: Bio System
(Gnatus®) e sistema “Flush” (Dabi Atlante®), nos quais se emprega uma solucéo

de NaOCIl a 0,05% (500 ppm) em um reservatorio proprio, que fica ligado em
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paralelo com o reservatério que contém a agua para a refrigeracédo das pecas de
mao. Os fabricantes recomendam os seus usos no inicio e final de expediente e
entre o0s pacientes. Esses sistemas foram introduzidos pelos fabricantes
recentemente, sendo necessario o desenvolvimento de outros métodos para
controle da contaminacdo microbiana em equipos que néo apresentam o flush
automatico.

O cloro € o agente mais estudado para o controle e eliminacéo do
biofilme principalmente o NaOC| (MILLS, 2000; PANKHURST & PHILPOTT-
HOWARD, 1993). Contudo, apresenta algumas desvantagens como seu alto
poder corrosivo nas pecas de mao principalmente quando utilizado
continuamente, e, além das desvantagens ja apresentadas e inerentes ao
produto, a principal delas € a formacdo de trialometanas. Alguns agentes
quimicos, principalmente os compostos clorados (gas cloro, didéxido de cloro,
NaOCI| e monocloramidas) podem reagir com o biofilme e outros compostos
organicos dissolvidos e produzir as trialometanas. As trialometanas pertencem ao
mesmo grupo quimico do cloroformio, considerados carcinogénicos para o
homem. O limite de trialometanas aceito pela Environmental Protection Agency
(EPA) € de 100 partes por bilhdo (ppb) (KARPAY et al.,, 1999). O risco de
formacdo das trialometanas é maior nos sistemas com cloragdo continua e uso
em concentracfes bacteriostaticas quando comparado com cloragcGes periddica
em concentracdes bactericidas acima de 500 ppm de cloro livre (MILLS, 2000;
KARPAY et al., 1999).

Uma associacdo de acido acético 1% e NaOCI 0,5% (5000 ppm)
foi testada mas néo reduziu significantemente o nimero de UFC. Além disso,

houve a formacé&o de trialometanas em quantidades 30 vezes mais que a maxima



23

aceita pela EPA. Quando foi utilizado somente o NaOCl 0,5%, as contagens
foram reduzidas a niveis aceitos pela ADA (200 UFC/mL), com formacéo de 45
ppb de trialometanas (PUTTAIAH et. al., 1998).

Karpay et al. (1999) recomendam a desinfeccdo semanal com
solucéo de NaOCl a 0,5% (5000 ppm) durante 10 minutos e uso diario de 3 ppm
de cloro. Futuras investigacdes quanto aos efeitos do uso prolongado da agua
clorada na adeséo de esmalte e dentina devem ser realizadas.

Segundo Pankhurst & Philpott-Howard (1993) o paciente nédo deve
ser exposto a altas concentracdes de cloro, pois ha relacdo entre o nivel de cloro
ingerido e o desenvolvimento de cancer gastrico, sendo necessario o constante

monitoramento e doseamento do nivel de cloro dos produtos comercializados.
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2 OBJETIVOS

Avaliacdo bacteriolégica da agua utilizada nos equipos odontolégicos
(seringa-triplice e reservatdrio) através da contagem total de bactérias

heterotroéficas.

Isolar e identificar bactérias Gram-negativas ndo fermentadoras presentes

na agua (seringa-triplice e reservatorio).

Verificar se os microrganismos isolados tém a capacidade de aderir ao

poliestireno e consequentemente formar biofilme nas tubulacées.

Avaliar a atividade antimicrobiana de diferentes concentracbes de
hipoclorito de sédio (0,06%, 0,12%, 0,25%, 0,5%) e clorhexidina (0,03%,

0,06%, 0,12%) frente as bactérias isoladas.
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SUMMARY

Aims: Microbiological evaluation of the water used in dental units, identification of
Gram-negative nonfermentative rods (GNNR) and their ability to adhere to
polystyrene and antimicrobial activity of disinfectants on the identified strains.
Methods and Results: The heterotrophic bacteria count and GNNR identification
were performed on water samples collected from 25 dental units (air/water syringe
and reservoir). Of the collected samples from air/water syringe, 88% were out of
the potability standards, as were 68% of the samples from reservoirs. In 88% of
the dental units, the number of isolated bacteria from the reservoir was lower than
from the air/water syringe. Several GNNR genus were isolated, being
Methylobacterium spp. found in highest percentage (19.7%). The GNNR were
assessed for their capability to adhere to polystyrene and for the antimicrobial
activity to the following disinfectants: sodium hypochlorite (0.06%, 0.12%, 0.25%,
0.5%) and chlorhexidine (0.03%, 0.06%, 0.12%). 85.04% of the samples showed
weak adherence to polystyrene. Sodium hypochlorite at 0.25% inactivated 100%
of GNNRs in 10 minutes, while the highest tested concentration chlorhexidine
(0.12%) inactivated 98.5%.

Conclusions: These results indicate a need for treatment of the water used in
dental units.

Significance and Impact of the Study: This study provides information on the
problem of dental unit waterlines (DUWL) contamination. The decontamination of
DUWL can be performed with sodium hypochlorite at 0.25% (half the
concentration preconized in the literature). However, further studies regarding

DUWL decontamination frequency are necessary.

Keywords: DUWL, microbial contamination, nonfermentative rods, biofilm

disinfection.
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INTRODUCTION

Despite the efforts to avoid cross-infection in dental office using
sterilized instruments, individual protection equipment, and disinfection
procedures, other measures such as bacteriologic control of the water used in
dental units are required to prevent the spread of diseases (Pankhurst and
Philpott-Howard, 1993; Mills, 2000; Lee et al., 2001). The literature reports the use
of several methods to reduce or eliminate this bacterial contamination (Kelstrup et
al., 1977; Mills et al., 1986; Murdoch-Kinch et al., 1997; Puttaiah et al., 1998), yet
there is no standard procedure and the water used in dental units during
odontological treatment still shows high amounts of heterotrophic bacteria (Meiller
et al., 2000; Walker et al., 2000; Xavier et al., 2000). This contamination can be
originated from the suction of microorganisms from the patient's mouth, or derive
from the multiplication of microorganisms contained in the water supply or in the
biofilms present in the dental unit water lines (DUWL) (Whitehouse et al., 1991,
Pankhurst and Philpott-Howard, 1993; Fayle and Pollard, 1996).

In Brazil, the Health Ministry (Ordinance No. 1469, December 29th
2000) states that for water to be considered safe for human consumption, it can
contain a maximum of 500 colony forming units per milliliter (CFU/ml) given it is
free from coliforms. Both Centers for Disease Control and Prevention (CDC) and
American Dental Association (ADA) recommend that water used for non-invasive
procedures not exceed 200 CFU/ml, and for surgical procedures with bone
exposure, that water be sterile (Anonymous, 1999).

The dental units are equipped with a network of small bore semi-

rigid plastic tubes (two to three mm) which provide water to the air/water syringe
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and to the handpieces (Barbeau et al., 1996; Lee et al., 2001). The water used
comes from reservoirs coupled to the unit or on the ground, or come directly from
a tap water. Different studies show that water coming from dental units can be
contaminated with microorganisms such as Pseudomonas spp., Acinetobacter
spp., Burkolderia spp., Alcaligenes spp., Methylobacterium spp., Sphingomonas
spp., Flavobacterium spp., and Moraxella spp., favoring biofilm formation on
DUWL (Kelstrup et al., 1977; Williams et al., 1993; Barbeau et al., 1996; Meiller et
al., 1999). The bacteria belonging to the biofilm are adhered to a surface and
produce extracellular polymers that ease adhesion (Donlan, 2001) and are even
more protected from the action of antimicrobials, of bacteriophages, of phagocytic
amoebas, and from desiccation (Mills, 2000).

Several authors have suggested the use of disinfectants for the
decontamination of dental unit water systems (Kelstrup et al., 1977; Puttaiah et al.,
1998; Walker et al., 2000; Lee et al., 2001), however there is no agreement on
which product is the most appropriate.

Considering the possible contamination of dental units due to the
colonization by microorganisms capable of forming biofilm, this paper had as aims:
to evaluate the bacteriological quality of water used in dental units (air/water
syringe and reservoir) through the total count of heterotrophic bacteria; to isolate
and identify Gram-negative nonfermentative rods (GNNR) present in water; to
verify the adherence capability to polystyrene and antimicrobial activity of different
sodium hypochlorite (0.06%, 0.12%, 0.25%, 0.5%) and chlorhexidine (0.03%,

0.06%, 0.12%) concentrations against the isolated bacteria.



33

MATERIALS AND METHODS

Collection of water samples

Water samples were collected from 25 dental units, being 15 from
the Northen Parana University Odontological Clinic (units one - 15); four from the
Community Welfare University Center (units 16 - 19); six from the Northern Parana
Odontological Association (units 20 - 25). Water samples were collected from the
air/water syringe and reservoir of each dental unit.

Prior to the collection, decontamination was performed on the
external surface of the air/water syringe and reservoir with 70% (v/v) alcohol.
Before the water collection from the air/water syringe, a 20 to 30 s continuous
flush was purged, simulating the recommended procedure before equipment use
on patients (Fayle and Pollard, 1996). The reservoirs were disconnected from the
units for water collection. Approximately 100 ml of water were collected from the
air/water syringe and from the reservoirs in previously sterilized flasks containing
0.1 ml 10% (w/v) sodium thiosulfate solution (Reagen, Brazil) to neutralize the

residual chlorine from chlorine-treated water samples.

Total heterotrophic bacteria count

The samples were homogenized and diluted 1:10 and 1:100 in

0.9% (w/v) physiologic solution. One hundred microliters of the pure samples and

dilutions were uniformly applied on surface of Plate Count Agar (PCA) (Difco,
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USA). The plates were incubated at 30°C for 48-96 h. The reading was carried out
on the plates which showed between 30 and 300 CFU after the 48 h and 96 h
incubation period. The experiments were performed in duplicate.

To evaluate whether there was a statistically significant difference
regarding the contamination level of the syringe and reservoir, the Qui-square test

with 0.01 significance level was applied.

Isolation and identification of Gram-negative nonfermentative rods

The morphologically different colonies isolated on the PCA plates
were submitted to Gram stain. The Gram-negative bacteria were identified
according to the technique described in the Manual of Clinical Microbiology
(Murray et al., 2003) and by the kit NF-Prov (nonfermenters) (Newprov, Parana,
Brazil). The Gram-positive bacteria, Gram-negative glucose-fermentative and fungi

were excluded from this study.

Adhesion to inert surface (polystyrene)

Adhesion to inert surface was assessed by employing the method
described by Stepanovic et al. (2000) with some modification. The GNNR were
incubated for 24-48 h at 30°C in Plate Count Broth (PCB). The cultures were
diluted 1:200 in PCB and 200 pl of this suspension were inoculated in

quadruplicate in sterile 96-well polystyrene plates (NUNC, Naperville, IL) and
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incubated for 24 h at 30°C. Negative control wells contained broth only. Then, the
content of each well was aspirated and the wells were washed three times with
250 pl phosphate-buffered saline (PBS-pH 7.2). The attached bacteria were fixed
with 200 ul methanol p.a (Merck, Germany) per well, and after 15 min the plates
were emptied and left to dry. The plates were stained for five min with 0.2 ml 2%
(w/v) Hucker crystal violet per well. Excess stain was rinsed off under running tap
water. After the plates were air-dried the optical density (O.D.) of each well was
measured at 550 nm with a Micro-ELISA Autoreader (MultiScan EX, Labsystem,
Uniscience). The cut-off O.D. (O.Dc) was defined as three standard deviation
above the mean O.D. of the negative control. Strains were classified as follows:
non-adherent (O.D. < 0.Dc), weakly adherent (O.Dc < O.D. < 2 x 0.Dc),
moderately adherent (2 x O.Dc < O.D. < 4 x O.Dc) and strongly adherent (4 x

0.Dc < 0.D.).

Evaluation of disinfectants antimicrobial activity

Sodium hypochlorite solutions of different concentrations were
used: 0.06% (600 p.p.m.), 0.12% (1200 p.p.m.), 0.25% (2500 p.p.m.) and 0.5%
(5000 p.p.m.). Before the use, the solutions were titrated by the volumetric method
according to the United States Pharmacopeia (1980). Chlorhexidine solutions
were used in the following concentrations: 0.03%, 0.06%, and 0.12%.

The assay was performed in duplicate according to technique
described by Litsky and Litsky (1968), with some modifications. The GNNR strains

were inoculated in three ml PCB and incubated for 24-48 h at 30°C. After the
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incubation period, these cultures were standardized according to the turbidity with
tube one of the MacFarland scale to obtain a suspension with 10® microorganisms
ml™. One ml of this suspension was added to four ml disinfectant. The tubes were
manually agitated for one min and left at room temperature for 10 minutes. One
hundred microliters of this mixture were uniformly applied on the surface of PCA
containing neutralizer and then incubated for 48-96 h at 30°C. After the incubation,
the colony counts were performed. In the assay performed with sodium
hypochlorite, the neutralizer used was 0.6% (w/v) sodium thiosulfate (Reagen,
Brazil), while 0.5% (w/v) Tween 80 and 0.07% (w/v) soy lecithin (Sigma, USA)

were used for chlorhexidine.

RESULTS

Table 1 shows the heterotrophic bacteria counts found in waters
collected from the reservoirs and from air/water syringes of the 25 dental units. In
the water samples from the reservoirs, the obtained count average was 4.0 x 10* +
1.0 x 10° ranging from 2.0 x 10* to 4.6 x 10°> CFU ml . In the air/water syringes,
the count values ranged from 1.1 x 10? to 4.6 x 10° CFU ml™* and the obtained
average was 8.4 x 10* + 1.1 x 10°. Employment of the Qui-square test with 0<0.01
showed that there was a statistically significant difference regarding the
contamination level of the water collected from the air/water syringe and from the
reservoir according to the obtained averages of the heterotrophic bacteria count.

In most units (except for numbers 12, 19, 21, and 25), the number of isolated
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bacteria from the reservoir was lower than the isolated samples from the air/water
syringes.

Considering the Brazilian Health Ministry Ordinance No. 1469,
88% (22/25) of the water samples from the air/water syringes and 68% (17/25) of
the samples from reservoirs showed results above the potability bacterial
standards (Table 1).

The GNNR isolated from air/water syringe and reservoir water
samples are shown in Table 2. Methylobacterium spp. was the highest percentage
(19.7%) isolated genus, followed by Moraxella spp. (15.2%) and Acinetobacter
spp. (13.6%). In only 24% of the dental units, the microorganisms belonging to the
same genus were recovered in the reservoir and the air/water syringe.

Of the studied strains, 85,04% (57/67) showed weak adherence to
polystyrene. Only one showed strong adherence and seven showed moderate
adherence.

Sodium hypochlorite at 0.06% concentration inactivated 56.1% of
the strains, at 0.12% it inactivated 89,4% and all the strains were inactivated when
it was used at 0.25% and 0.5% (Table 3).

Chlorhexidine at 0.03% inactivated 72.7% of the tested strains; at

0.06%, 90.9%; and at 0.12% it inactivated 98.5% of the strains (Table 3).



Table 1 — Determination of the number of heterotrophic bactéria in water

samples from reservoirs and air/water syringes collected from 25 dental

units in the city of Londrina.
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Total heterotrophic bacteria count (CFU mI™h)*

Unit
Reservoir Air/water syringe
01 2,0x10? 2,5x10*
02 4,3x10° 8,1x10*
03 1,9x10* 2,2x10°
04 1,0x10° 1,9x10°
05 3,3x10° 3,7x10*
06 8,0x10? 7,5x10°
07 1,4x10° 8,0x10°
08 1,8x10° 7,9x10°
09 1,8x10° 1,7x10*
10 7,0x10° 2,9x10°
11 7,0x10? 3,6x10*
12 4,6x10° 4,2x10*
13 8,0x10° 6,7x10*
14 1,4x10° 1,9x10°
15 2,0x10? 1,8x10°
16 1,4x10° 4,6x10°
17 4,1x10* 7,3x10*
18 1,1x10* 1,7x10*
19 1,7x10° 1,3x10°
20 2,0x10" 2,5x10°
21 1,0x10° 1,1x10?
22 1,5x10° 4,0x10?
23 3,4x10? 5,4x107
24 5,8x10? 7,9x10°
25 1,6x10° 8,0x10?

average + S.D."

4,0x10%+1,0x 10°

8,4x10%+1,1x10°

*Count average. Tests performed in duplicate.

" Standard deviation
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Table 2 — Gram-negative nonfermentative rods isolated from water samples from

reservoirs and air/water syringes of dental units.

Unit Reservoir Air/water syringe
01 Acinetobacter calcoaceticus Delftia acidovarans
Stenothrophomonas maltophilia 01 GNNR*
02 01 strain not recovered" Moraxella osloensis
01 GNNR*
03 Stenothrophomonas maltophilia Stenothrophomonas maltophilia
01 GNNR*
04 Burkholderia cepacea Burkholderia cepacea
Sphingomonas paucimobilis
05 Acinetobacter spp. Methylobacterium spp.
Stenothrophomonas maltophilia Sphingomonas paucimobilis
Alcaligenes faecalis
06 01 strain not recovered’ Moraxella osloensis
Methylobacterium spp.
Acinetobacter haemoliticus
07 Methylobacterium spp. Methylobacterium spp
Moraxella osloensis 01 GNNR*
08 Sphingomonas paucimobilis Sphingomonas paucimobilis
Moraxella catarrhalis Alcaligenes faecalis
09 01 strain not recovered’ Moraxella osloensis
10 01 strain not recovered’ Sphingomonas paucimobilis
11 Delftia acidovarans 01 strain not recovered'
Methylobacterium spp.
12 Methylobacterium spp. 01 strain not recovered'

Comamonas acidovarans
Acinetobacter iwoffii

Sphingomonas paucimobilis




.../ Table 2 - continuation
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13

14

15

16

17

18

19

20

21

22

23

24

25

01 strain not recovered’

Alcaligenes faecalis

Moraxella catarrhalis
Sphingomonas paucimobilis

Methylobacterium spp.

01 strain not recovered’

Methylobacterium spp.

Pseudomonas stutzeri
Flavobacterium mizutaii

Alcaligenes faecalis

Pseudomonas stutzeri
Acinetobacter calcoaceticus
01 GNNR*

01 strain not recovered’

02 strains not recovered'
Methylobacterium spp.
02 strains not recovered’
01 strain not recovered"

Methylobacterium spp.

Moraxella osloensis

Acinetobacter iwoffii

Methylobacterium spp.

Moraxella osloensis

Moraxella catarrhalis

Pseudomonas stutzeri

Acinetobacter calcoaceticus
01 strain not recovered’

Pseudomonas stutzeri

Acinetobacter baumannii

Delftia acidovarans
Methylobacterium spp.
01 GNNR*

Acinetobacter haemoliticus

02 strains not recovered’
Burkolderia cepacea
Moraxella osloensis

01 strain not recovered'

Alcaligenes faecalis

*Gram-negative glucose-nonfermentative rods not identified

T strains not recovered in the adopted standards



Table 3 — Effect of different sodium hypochlorite and chlorhexidine concentrations on Gram-negative nonfermentative rods (GNNR)

isolated from water from 25 dental unit water lines.

.Isolated bacteria (n)

Inactivation by sodium hypochlorite

Inactivation by chlorhexidine

0.06%
n (%)

0.12%
n (%)

0.25%
n (%)

0.03%
n (%)

0.06%
n (%)

0.12%
n (%)

Methylobacterium spp. (13)
Moraxella spp. (10)
Acinetobacter spp. (9)
Sphingomonas paucimobilis (7)
GNNR not identified (6)
Alcaligenes faecalis (5)
Pseudomonas stutzeri (4)
Stenothrofomonas maltophilia (4)
Delftia acidovarans (4)
Burkolderia cepacea (3)

Flavobacterium mizutaii (1)

8/13 (62%)
8/10 (80%)
6/9 (67%)
417 (57%)
3/6 (50%)
3/5 (60%)
1/4 (25%)
1/ 4 (25%)
1/4 (25%)
1/3 (33%)

1/1 (100%)

11/13 (85%)
8/10 (80%)
9/9 (100%)
6/7 (86%)
5/6 (83%)
4/5 (80%)
414 (100%)
2/4 (50%)
414 (100%)
3/3 (100%)

1/1 (100%)

13/13 (100%)

10/10 (100%)

9/9 (100%)
7/7 (100%)
6/6 (100%)
5/5 (100%)
4/4 (100%)
414 (100%)
414 (100%)
3/3 (100%)

1/1 (100%)

9/13 (69%)

10/10 (100%)

6/9 (66.6%)
5/7 (71%)
416 (67%)
4/5 (80%)
314 (75%)
3/4 (75%)
2/4 (50%)
1/3 (33%)

1/1 (100%)

12/13 (92%)

10/10 (100%)

719 (78%)
7/7 (100%)
5/6 (83%)
5/5 (100%)
4/4 (100%)
414 (100%)
2/4 (50%)
3/3 (100%)

1/1 (100%)

12/13 (92%)

10/10 (100%)

9/9 (100%)
717 (100%)
6/6 (100%)
5/5 (100%)
414 (100%)
414 (100%)
414 (100%)
3/3 (100%)

1/1 (100%)

Total (66)

37/66 (56%)

59/66 (89%)

66/66 (100%)

48166 (73%)

60/66 (91%)

65/66 (98%)
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DISCUSSION

While the water used in dental unit reservoirs continue with high
microbial contamination, they will keep being an infection source in dentistry (Martin,
1987; Williams et al., 1993). The majority of microorganisms present in DUWL do not
represent a risk for public health (Murdoch-Kinch et al.,, 1997), but they are
considered opportunistic  microorganisms, liable to cause diseases in
immunosuppressed patients (Williams et al., 1993).

DUWL are favorable environments for biofilm formation due to their
small diameter and tube wall imperfections, water flow, presence of minerals and
organic molecules, and frequent rest periods (Anonymous, 1999; Mills, 2000). Under
these conditions, the microorganisms present in the water used to supply the dental
units multiply and form biofilm on the luminal tube surfaces (Tall et al., 1995).

The number of isolated bacteria in water samples from air/water
syringes is usually higher than the ones isolated from reservoirs, once with the water
flow through the dental unit lines there is the release of bacteria belonging to the
biofilm (Kelstrup et al., 1977; Whitehouse et al., 1991; Williams et al., 1994). This
way, even when using water of good origin, if biofilm is present in DUWLs the water
ejected through the air/water syringe will be contaminated with bacteria belonging to
the biofilm (Mills, 2000).

In our study, four units showed lower CFU in air/water syringe in
comparison to the reservoir. This variation may be attributed to the heterogeneous
distribution of bacteria in the water sample or to the unit's age. When new, they may
not show biofilm yet and, therefore, not show such different results in the water from

the air/water syringe and reservoir. Or, if the unit is old, but if the lines have been
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recently replaced, this same behavior in the count can occur. Besides, even using
appropriate culture media, temperature and incubation time, a variation in the total
microorganism count can happen once the bacteria have slow growth, being some of
them not cultivable in the mediums and conditions used and others not recovered
(Williams et al., 1994; Tall et al., 1995; Walker et al., 2000). These reasons, together
with the difficult identification of GNNR explain why many microorganisms were
isolated from the reservoir but not from the syringe and vice-versa.

The heterotrophic bacteria number readings in our study were
performed in 48 and 96 h. This is because in 48 h we had the result of the total
number of heterotrophic bacteria and only after 96 h incubation the colonies showed
pigmentation.

The incubation temperature used in our experiments was 30°C, once
several papers reported that at this temperature there was recovery of a greater
number of microorganisms (Kelstrup et al., 1977; Williams et al., 1994; Barbeau et
al., 1996).

Our paper focused on the identification and study of GNNR. Studies
performed in different countries have reported the prevalence of GNNR, opportunistic
and adapted to water which proliferate and form biofilms (Williams et al., 1993; Tall et
al., 1995; Barbeau et al., 1996). Despite the possible DUWL contamination with
microorganisms from the patients' mouths, oral bacteria are not usually present in
dental unit waters due to the use of antiretraction valves and sterile handpieces
which control the suction of these microorganisms (Whithouse et al., 1991).

The bacteria found in our study were predominantly environmental
organisms. Some of the bacteria identified (S. maltophilia, B. cepacea, P. stutzeri,

Acinetobacter spp.) are known opportunistic pathogens. Martin (1987) reported two
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cases of infections caused by P. aeruginosa acquired by immunocompromised
patients after restorative dentistry treatment.

The results of adhesion to polystyrene showed that the majority of
samples showed weak adherence. This is probably due to the kind of bacteria
studied, because, since they showed slow growth, the results could have shown a
greater number of moderately of weakly adhering bacteria if other methodologies or a
longer incubation period had been used. Another factor that might have contributed
to the increased number of bacteria with weak adherence was the non-addition of
glucose to the culture medium (recommended in most techniques), once we strongly
sought to match the conditions found in dental unit waters.

Sodium hypochlorite and chlorhexidine were tested because of their
frequent use in dentistry. Chlorine compounds have been studied more extensively
than any other class of chemical agents intended to control or eliminate biofilm in
DUWL (Mills, 2000). Several studies indicate the use of sodium hypochlorite at 0.5%
(5000 p.p.m.) to disinfect DUWLs (Puttaiah et al., 1998; Karpay et al., 1999).
However, due to its high corrosive power, we tested smaller concentrations for the
same purpose.

Sodium hypochlorite at 0.25% (2500 p.p.m.) was able to inactivate all
tested microorganisms. Due to possible damages from the use of a more
concentrated solution both to patients and professionals and also to equipment, we
suggested the use of sodium hypochlorite at 0.25% to decontaminate DUWLS.
However, more studies about the frequency of DUWL decontamination with sodium
hypochlorite at 0.25% and its impact on equipment, on other microorganism groups
(Gram-positive bacteria, Mycobacterium spp.,fungi) and on removal of already-

present biofilm in the DUWLs are necessary.
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P. stutzeri and bacteria that belonged to Pseudomonas genus, that
is, Burkolderia spp., D. acidovarans and S. maltophilia were the most resistant
microorganisms to sodium hypochlorite at 600 p.p.m.. Due to their ability to survive in
agueous mediums, these microorganisms became particularly problematic in hospital
environments (Murray et al., 2003). A study by Stampi et al. (1999) reports a strong
resistance of D. acidovarans to chlorine. S. maltophilia was the microorganism which
showed the highest number of strains resistant to chlorine at 1200 p.p.m.
concentration. Today, this bacterial species is being better studied since it is
frequently associated with hospital infections (Murray et al., 2003).

Chlorhexidine is probably the most used compound in oral anti-septic
compositions. New products with this active principle have been recommended by
the FDA (Food and Drug Administration) to control DUWL contamination (Mills,
2000). Chlorhexidine shows good disinfectant activity and wide action range,
nevertheless there are disadvantages such as possible skin irritability (McDonnel and
Russel, 1999), high cost, possibility of color changes in restorations, teeth and
tongue, and oral microbiota and gustation modification when continuously used
(Lascala and Moussali, 1999). According to our results, chlorhexidine should be used
in a concentration higher than 0.12% to achieve better antimicrobial activity.
Nevertheless, further studies must be performed to determine the ideal chlorhexidine
concentration to use in dental unit waters and what the advantages and

disadvantages of its use in higher concentrations are.
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5 CONCLUSAO

Os resultados obtidos indicam a necessidade de tratamento da agua
utilizada nos equipos odontoldgicos, sendo que a descontaminacdo das mangueiras
de agua dos equipos odontoldgicos (MAEQO) pode ser realizada com hipoclorito de
sédio a 0,25% (metade da concentracdo preconizada na literatura). Entretanto, mais

estudos quanto a periodicidade da descontaminacdo das MAEO s&0 hecessarios.
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