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ABSTRACT: The contamination of the dental units’ waterlines is a reality, which can develop individual and collective
disorders. The aim of this study was to evaluate the prevalence and resistance profile of bacteria on the internal surfaces of
waterlines in a dental clinic from a Dentistry school of a Brazilian university. The design was an exploratory, descriptive study
with quantitative and qualitative approach. Samples (n=4) were collected for analysis at different points: the portion closest
to the water reservoir of the chair, and the portion closest to the triple syringe. After collection the samples were cultured in
BHI medium in an oven for 24-48 h at 37 °C. For the quantitative analysis 1 ml of each sample was used for serial dilution up
to the dilution value seven. The colonies were counted after pour plate and the results expressed in UFC/cm?. The qualitative
analysis was initiated with the cultivation of Agar Blood, EMB-Levine and Cetrimide Agar for 24 h, and the identification of
bacteria was performed by microscopic analyses. The resistance profile was verified by classical antibiogram. The internal
surfaces of unit waterlines units exhibited a mean of 2.44 x 109 CFU / cm?. Bacillus subtilis and Pseudomonas aeruginosa
were identified. The resistance profile of Pseudomonas aeruginosa indicated sensitivity to all tested antibiotics. A large
number of microorganisms was quantified from biofilm accumulated in the dental units’ waterlines. However, they were not
resistant to classic antibiogram. Better management and application of decontamination protocols for waterlines need to be

applied since opportunistic infections may be associated with Pseudomonas aeruginosa.
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INTRODUCTION

Most of dental procedures use large amounts
of water for irrigation, instrument cooling, and mouth
rinsing. During service, the use of hand pieces allows
the formation of a cloud of droplets and aerosols in the
environment. It can serve as a source of respiratory
and ocular infection for patients and dentists. According
to Garg et al. (2012) water may be ingested by the
health service user or may contact mucosal and / or
teeth continuity solutions. It provides direct access to
connective tissue and turns possible absorption and
reach of circulatory system. Value water’s quality plays
an important role in the maintenance of appropriate
practices of hygiene and control of cross-infections
since waterlines’ contamination can be source of
disease.

O'Donnell et al. (2006) evaluated the dental chair
as a complex medical device designed to provide the
dentist with necessary features for a wide variety of den-
tal procedures. In these units, the water supply can arise
from a reservoir, replaceable, independent, in the form
of a bottle or from the water supply network (O'Donnell
et al., 2007). The pipes through which the water passes
are called waterlines and are made up of internal surfaces
of long lumen plastic (pipes of about 10 m in length and
0.5 to 1.0 mm in diameter). These characteristics when
associated to the stagnation of water for most of the time,
and microscopic internal imperfections constitute a favo-
rable environment for the establishment of
microorganisms already present in the water supply
(Ajami et al., 2012). The consequent formation of biofilm
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is directly responsible for the contamination of water used
in clinical procedures (Walker et al., 2003; Walker &
Marsh, 2004; Walker & Marsh, 2007; Szymanska &
Sitkowska, 2012; Rodrigues et al., 2017).

Regarding the microorganisms present in water,
they are predominantly gram-negative aerobic
heterotrophic bacteria which attaches the inner surface
of dental equipment tubing creating micro colonies that
will lead to multiple biofilm patterns. This biofilm consists
primarily of highly hydrated bacterial polysaccharides
capable of communicating through pores and channels
forming structured, coordinated, and functional
communities. With the development of biofilm, planktonic
cells and by-products are released into the water directly
into patients’ mouths during dental procedures (O'Donnell
et al., 2007; Wirthlin & Roth, 2015). Different species of
microorganisms in the biofilm do not survive in isolation,
but through a system called quorum sensing. This
signaling system is based on the ability of not only
monitoring the presence of other bacteria around it, but
also the production and response to signaling molecules.
These auto-inducers are detected by specific receptors
that allow the cells to evaluate the population contingent
by signal concentration. Upon reaching a critical level,
microorganisms act as a single multicellular organism,
being able to organize unified responses favorable to
population survival (Davies et al., 1998; Sola et al., 2012).

The presence of a high density of microorganisms
in the water exit on dental equipment is a potential risk
for infections in patients and professionals, not to mention
its role on cross-infections. Previous studies have
reported the presence of bacteria such as Pseudomonas,
Legionella and non-tuberculous (atypical or fast-growing)
mycobacteria in the water outlets what is a risk for
infection, especially in immunocompromised patients
(O'Donnell et al., 2007).

So far, however, there has been little discussion
about the sources of contamination of dental work unit
pipelines, the present study aimed to quantitatively and
qualitatively assess the prevalence and resistance
profile of bacteria from the internal surfaces of the den-
tal units waterlines in a Dental School of a public
university in the state of Pernambuco, Brazil.

MATERIAL AND METHOD

The research consisted of an exploratory,
laboratory-based field study, which took place at the
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Clinic of Oral Medicine and Microbiology and
Immunology Laboratory, both at the Health Sciences
Center of Federal University of Pernambuco after
authorizations for execution were granted through
letters of agreement.

A sample, corresponding to 50 % of dental work
units on the same clinic, was used to perform the tests
(n=4). Only those equipment found in perfect working
order (without any of its constituent parts broken or
with problems that would jeopardize its use) were
randomly selected and evaluated at the time of
collection, which occurred at the end of a work shift.

After emptying the aqueous contents of the unit
pipes and disinfecting the external surfaces with 70 %
alcohol, two fragments of the triple syringe hose were
collected from each dental equipment. These 1-cm-
long portions were taken at predetermined points: (1)
region closest to the triple syringe, called "Exit" and
(2) the region closest to the water reservoir, called
"Inlet". This step was performed by a single operator,
previously trained, and equipped with personal
protective equipment (PPE) as well as needle holders,
and sterile scalpels.

After cutting, each portion was sectioned
longitudinally in order to expose the hose’s inner and
facilitate contact with the culture media. Subsequently,
the samples were placed in a test tube containing 5mL
of Brain Heart Infusion (BHI), shaken for 1 minute and
grown in an oven for 24-48 h at 37 °C.

For the quantitative analysis, the Pour Plate
technique was chosen using serial dilution from 1mL
of each initial sample. The colonies were counted after
incubation for 24-48 h at 37 °C, using the correction
factor for the dilution title. In order to determine the
values of colony forming units per square centimeter
(CFU / cm?), the internal area of the tube was taken
into account. It has been calculated after measuring
the lumen diameter of the hose obtained through a
previously calibrated digital caliper.

The qualitative analysis was initiated with
bacterial growth during 24 h in three different culture
medium: Blood Agar, Eosin Methylene Blue Agar
(EMB—Levine) and Cetrimide Agar. The identification
of bacteria was performed by means of microscopic
analyzes based on cell wall structure and composition
(Gram staining). Non-fermenting gram-negative bac-
teria were identified through the API 20E system. Gram-
positive bacteria were identified through their hemolysis
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pattern in Blood Agar and through classical phenotypic
characteristics, for instance antibiotic sensitivity tests,
Catalase and Coagulase tests.

The resistance profile of the microorganisms was
verified by means of phenotypic tests such as the
classical antibiogram, as recommended by CLSI
(2016), using the following drugs: Azitreonam 30 mg,
Meropenem 10 mg, Imipenem 10 mg, Gentamicin 10
mg, Amikacin 30 mg, Cefepime 30 mg, Ciprofloxacin 5
mg, Ceftazidime 30 mg, Nonfloxacin 10 mg,
Levofloxacin 5 mg.

The data analysis in this work took the form of a
descriptive study, both for the quantity of CFU / cm?,
as well as for the qualitative identification of the isolated
bacteria.

RESULTS

There was bacterial growth in the three culture
media (Blood Agar, EMB-Levine and Cetrimide Agar).
Only the Input sample from kit 4 (E4) did not show
growth after incubation. The results obtained from
quantitative analysis are presented in Table I. The mean
value was 2.44 x 109 CFU / cm?2.

Table I. Relation of the amounts of bacteria found in each
sample.
SAMPLE  AMOUNT in UFC/cm*
E1 1,56 x 10°
S1 4,05x10°
E2 1,48 x 10°
S2 5,0 x 108
E3 Countless (very high values of bacteria found)
S3 Countless (very high values of bacteria found)
E4 There was no growth
sS4 463 x 10°

For qualitative evaluation, all samples presented
growth in Blood Agar, while only Input of equipment 3
(E3) and Output of equipment 3 (S3) had colonies in
EMB-Levine and Cetrimide Agar. The microorganisms
atE1, S1, E2, S2 were shown as non-sporulated gram-
positive bacilli. S4 sample presented as a sporulated
gram-positive bacillus. E3 and S3 pointed out the
presence of Gram-negative bacilli. The species of the
bacteria found are listed in Table II.

The following drugs determined the resistance
profile of Pseudomonas aeruginosa: Azitreonam 30 mg,

Meropenem 10 mg, Imipenem 10 mg, Gentamicin 10
mg, Amikacin 30 mg, Cefepime 30 mg, Ciprofloxacin 5
mg, Ceftazidime 30 mg, Nonfloxacin 10 mg,
Levofloxacin 5 mg. Interestingly, the colonies in
question were sensitive to all of the drugs cited above.

Table II: Relation of the bacteria identified in each sample.

SAMPLE BACTERIA

E1 Bacillus subtilis

S1 Bacillus subtilis

E2 Bacillus subtilis

S2 Bacillus subtilis

E3 Pseudomonas aeruginosa
S3 Pseudomonas aeruginosa
E4 -

S4 Bacillus subtilis

DISCUSSION

The first case in literature that demonstrated the
direct correlation between a patient's lethal infection
and water from dental services units was published in
2012. An 82-year-old female patient with no underlying
diseases was admitted to the intensive care unitin an
Italian hospital with fever and respiratory problems
coming to death two days later. Her death was
attributed to pneumonia (Legionella spp.) and the
source of infection being the waterlines of her dentist's
office was confirmed by three microbiological methods
(Ricci et al., 2012).

Regarding biosafety practices, the American
Dental Association (ADA) and the US Centers for
Disease Control and Prevention (CDC) regulate the
quality of water used in dental procedures. According
to them, since 2000, the water used should contain
lessthan 200 colony-forming units per mL (CFU/mL)
of aerobic, mesophilic and heterotrophic bacteria in
non-surgical procedures (Mills et al., 2018).

Although the amount of bacteria present in the
water is an indicator for the degree of contamination,
analysis of the biofilm formed inside the pipes gains
great importance. Inside the waterlines,
microorganisms colonize and replicate on the internal
surfaces, producing a heterogeneous adherent
microbial accumulation (biofilm). Once it is formed, the
biofilm protects the organisms and works as a reservoir
that alters the number of free-floating microorganisms
in the water leaving the hoses (Whitehouse et al., 1991;
Barbeau et al.,, 1998). The microorganisms on the
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surfaces are continuously released from the biofilm in
the water passing through the lumen of the tube, so
that this biofilm becomes the main reservoir for
continued contamination of the system (O'Donnell et
al., 2007; Walker & Marsh, 2004).

In this perspective, considering the way bacte-
ria is released in the environment, this study proposed
a different methodology for collecting when compared
to researches related to waterlines contamination, since
the bacteriological analysis was not performed from
the collection of water from the equipment, but from
the release of bacteria previously adhered to the pipe
(Tuttlebee et al., 2002; Avila-De-Navia et al., 2014;
Micha kiewicz et al., 2015). Thus, the results showed
a quantitative related to the internal area of the tube,
where the biofilm is formed, not having a comparison
with the volume of water collected. In this new
parameter, the results showed a quantitative value
greater than 108 CFU/cm? (Table |), a disturbing
number that suggests the presence of a large bacterial
activity in the equipment system.

Having said that, specimen E4 was the only one
showing bacterial non-growth. A likely explanation for
this might be the absence of water in the reservoir at
the time of collection. It seems possible that the drying
of the reservoir after the use would lead to a decrease
in the formation of biofilms converging with the
recommendations of the Brazilian National Agency of
Sanitary Surveillance (ANVISA) for the control of
infections in Dentistry. In its manual, the agency
recommends in addition to dry maintenance at night
and at weekends, the use of water filters in the lines,
use of water tank independent of the supply network,
chemical disinfection of waterlines and daily drainage
(Brasil, 2006).

As far as the qualitative analysis is concerned,
only two species of bacteria were found. These data
must be interpreted with caution because only tests
for aerobic bacteria were conducted. On the other hand,
Barbeau et al. hold the view that the water systems of
dental units resemble an aquatic ecosystem in which
various opportunistic pathogens colonize the inner
surface of the pipes. These pathogens consists of
microorganisms, including bacteria, fungi and protozoa,
which colonize and replicate on the inner surface of
water pipes, often forming a protective layer of viscous
substance (limo/mucus) that allows them to survive in
adverse environments and invade new locations (Bra-
sil, 2006; Sacchetti et al., 2007). In light of that, a
reasonable approach to tackle this issue could be to
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carry out more tests for microorganisms such as fungi
and protozoa or anaerobic bacteria, which are found
in other studies like those by de Oliveira et al. (2008).

The most frequently bacteria found in this study
was B. subtilis. Bacteria of this genus were not only
frequent in studies conducted in the 1990s (Garg et
al.) but also in recent studies as reported by Ji ef al.
(2016) and Szymanska & Sitkowska (2012). However,
once they refer only to the genus, it is difficult to com-
pare the amount of this species found by them to the
one found in the presented study. In addition, this type
of microorganism was identified in almost all samples,
unlike what was observed in the study by Szyman’ska
& Sitkowska (2013) in which the amount of bacteria
from this genus was not significant once the goal was
to confirm the contamination of dental units only.

B. subtilis is a gram-positive spore-forming
bacterium that typically inhabits water and soil being
common in the gastro-intestinal tract of animals. It is
important in clinical practice due to its use as biological
indicator during sterilization processes (O'Donnell et
al., 2006). The other species identified, P. aeruginosa,
is the most important human pathogen in the genus
Pseudomonas. It is characterized as non-fermenting
and ubiquitous Gram-negative rods, since they can be
found in soil, water, vegetables, animals, and have a
direct relationship with Health Care-Associated
Infections (HCAI). HCAI consist of localized or systemic
conditions resulting from an adverse reaction to the
presence of an acquired infectious agent after
admission to health services (CDC, 2014). They must
be manifested after 48 hours of admission or prior to
that period when related to invasive procedures
performed at the health services (Ministério da Saude,
1998).

Diseases in which microorganisms are visible
in the form of biofilms may include: dental caries,
periodontitis, pneumonia, septicemia, malfunction of
urinary catheters and contact lenses, severe tissue
infections (osteomyelitis and endocarditis) aside from
rejections of prosthetic material. In patients with cystic
fibrosis, about 80 % to 90 % of biofilms are composed
solely of Pseudomonas aeruginosa (de Oliveira et al.;
Trentin et al., 2013). This bacterium is commonly
isolated in analysis of dental units waterlines. Sacchetti
et al. in a study comparing the tubes made of
Polyethylene and Polytetrafluoroethylene, isolated P.
aeruginosa in polyethylene tubes only. de Oliveira et
al. isolated 71 samples containing this bacteria from a
total of 160 water samples.
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The bacteria identified on the inlet pipeline were
the same as those found on the waterline’s exit.
Moreover, it was observed that the number of colonies
found in both collection sites was similar. Aresembling
result was found by Fernandes et al. (2018), who when
performing a quantitative analysis of heterotrophic bac-
teria in the water of dental equipment, obtained
statistically equivalent values for the reservoir and tri-
ple syringe.

In spite of being intrinsically resistant to several
antimicrobials including chloramphenicol, tetracyclines,
some quinolones and beta-lactams, the Pseudomonas
aeruginosa colonies submitted to resistance profile
verification in this study were sensitive to all tested
antibiotics indicating that infections caused by these
strains are probably easily combated.

In this investigation all the procedures were
standardized and performed following biosafety
standards in order to minimize the possible bias
inherent to any laboratory research. Also, the use of
an innovative methodology requires that more tests
should be performed in other clinical settings in order
to allow a comparative analysis of the findings.

Most of the bacteria found in the hoses of den-
tal units presented a small risk to immunologically
healthy people. Nevertheless, these microorganisms
become important infectious agents; especially in
predisposed patients presenting damaged physical
barriers and immunosuppression. Thus, monitoring of
water quality and the detection of pathogenic
microorganisms are essential for providing a situational
diagnosis, as well as for encouraging biosecurity
practices such as avoiding water stagnation and
applying water disinfection protocols. Even with a small
sample size, the findings of this study suggest the need
for better management and application of
decontamination protocols for waterlines, since
opportunistic infections may be associated with
Pseudomonas aeruginosa.
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RESUMEN: La contaminacioén de lineas de agua en
las unidades dentarias es una realidad, generando enfer-
medades individuales y colectivas. El objetivo de este estu-
dio fue evaluar la prevalencia y resistencia de las bacterias

en las zonas internas de las lineas de agua de la Facultad
de Odontologia de una universidad brasilefia. El disefio del
estudio fue exploratorio, descriptivo con enfoques cuantita-
tivos y cualitativos. Las muestras para analisis (n=4) fueron
selecionadas de distintos lugares: el punto mas cercano al
sistema de agua del sillén odontolégico y el punto mas cer-
cano a la jeringa triplice. Las muestras obtenidas fueron
cultivadas en un médio BHI por 24-48 h, en un horno a 37
°C. Para el analisis cuantitativo, se utilizé 1 ml de cada mues-
tra para dilucion hasta el valor siete. Las colonias fueran
contadas y los resultados fueron expresados en UFC/cm?.
El analisis cualitativo fue iniciado con el cultivo de Agar San-
gre, EBM-Levine y Agar Cetrimide por 24 h y la identifica-
cion de la bacteria fue realizada por analisis microscépicos.
El perfil de resistencia fue verificado por el antibiograma cla-
sico. Las zonas internas de las unidades de lineas de agua
mostraron un promédio de 2,44 x 109 UFC/cm?. Bacillus
subtilis y Pseudomonas aeruginosa fueron encontrados. El
perfil de resistencia de Pseudomonas aeruginosa indico sen-
sibilidad a todos los antibiéticos testados. Un gran niumero
de microorganismos fue cuantificado desde la biopelicula
acumulada en las lineas de agua de unidades dentales. Sin
embargo, no resistieron al antibiograma clasico. Se requie-
re una mejor gestion y aplicacion de protocolos de
decontaminacion en las lineas de agua debido a que las
infecciones oportunistas puedan estar asociadas a
Pseudomonas aeruginosa.

PALABRAS CLAVE: agua, biopeliculas, contami-
nacién de equipos, control de infecciones.
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