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ABSTRACT

Objective: To evaluate bacterial load of water using and not using sodium hypochlorite aiming at bacterial control
of dental unit water. Method: Dental unit reservoirs from a dental clinic from School of Dentistry of Ribeirao Preto
— USP were filled with public-supply water with and without sodium hypochlorite solution at 0.0003%, and water
samples were collected and evaluated by Petrifilm™ AC (Aerobic Count) system from 2014 to 2017. Results: No
bacterial contamination was observed in the water samples using sodium hypochlorite solution. However, bacterial
contamination was detected in water from reservoirs, air-water syringes and high-speed outputs (without
handpieces) without the disinfectant. Conclusion: The use of sodium hypochlorite solution controlled bacterial load
of all the dental unit water samples as established by Brazilian legislation (<500CFU/mL).

Descriptors: Biofilms; Dental Equipment; Water Microbiology.

RESUMO

Objetivo: Avaliar a carga bacteriana da agua com e sem o uso de hipoclorito de sodio visando o controle bacteriano
da agua de equipos odontoldgicos. Método: Os reservatorios dos equipos odontolégicos de uma clinica odontolégica
da Faculdade de Odontologia de Ribeirdao Preto — USP foram preenchidos com agua de abastecimento publico com e
sem solucao de hipoclorito de sodio a 0,0003%, e as amostras de agua coletadas e avaliadas pelo sistema Petrifilm™
AC (Aerobic Count) de 2014 a 2017. Resultados: Nenhuma contaminacao bacteriana foi observada nas amostras de
agua com uso de solucdo de hipoclorito de sddio. Entretanto, a contaminacao bacteriana foi detectada na agua de
reservatorios, seringas triplices e saidas de alta rotacdo (sem as pecas de mao) sem o desinfetante. Conclusdo: O
uso da solucao de hipoclorito de sddio controlou a carga bacteriana de todas as amostras de agua dos equipos
odontoldgicos conforme estabelecido pela legislacao brasileira (<500UFC/mL).

Descritores: Biofilmes; Equipamentos Odontologicos; Microbiologia da Agua.

RESUMEN

Objetivo: evaluar la carga bacteriana de agua con y sin el uso de hipoclorito de sodio para el control bacteriano del
agua de los equipos dentales. Método: Los depositos de los equipos dentales de una clinica dental de la Facultad de
Odontologia Ribeirdao Preto-USP se llenaron de agua publica con y sin solucion de hipoclorito de sodio al 0,0003%, y
las muestras de agua recolectadas y evaluadas por Petrifilm™ AC (Aerobic Count) de 2014 a 2017. Resultados: No se
observé contaminacién bacteriana en muestras de agua con solucion de hipoclorito de sodio. Sin embargo, se
detect6 contaminacion bacteriana en el agua de depésitos, jeringas triples y salidas de alta velocidad (sin piezas de
mano) sin desinfectante. Conclusion: El uso de una solucion de hipoclorito de sodio control6 la carga bacteriana de
todas las muestras de agua del equipo dental segln lo establecido por la legislacion brasilefa (<500UFC/mL).
Descriptores: Biopeliculas; Equipo dental; Microbiologia del agua.
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INTRODUCTION
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The mouth, with dental biofilm and saliva,
contains more than 700 microorganism species,
since the cultivable ones do not reach half this
quantity." Furthermore, it is the largest source
of contamination in dentistry, followed by water
from dental unit waterline, in consequence of
biofilm presence.??

The objective of the control infection is
to reduce or eliminate the exposure of patients
and dental staff members to microorganisms.*
This way, the biosafety in dentistry can be based
on BSDAP (Barrier, Sterilization, Disinfection,
Antisepsis and Preservative) system, in which
each one of the letters are initials of an
important term or procedure for controlling
contamination/infection.2

The water that arrives to the unit
contains, in most cases, small quantity of
microorganisms because it is the same one
consumed by the population. In Brazil, according
to ordinance No. 2,914 of December 12, 2011
from the Ministry of Health the limit is 500
colony-forming units per milliliter (CFU/mL) of
water.>

However, the literature reports the
contamination of dental unit water in an
alarming level®’ since the first report of this
contamination was made by Blake.® Moreover,
Kelstrup and collaborators® were the pioneers in
demonstrating the growth of microorganism
colonies adhered to dental unit waterline walls,
that later would be denominated biofilm.

The American Dental Association (ADA)'"
recommended that the whole community, both
scientific and industrial, directed efforts so that
in the year of 2000 water would not present

contamination greater than 200CFU/mL, and
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that it would develop faster, more practical and
lower-cost techniques to effectuate the
microbial count as well as implement measures
to prevent and control biofilm formation in
waterline.

Aiming at the reduction of bacterial
contamination of dental unit water and,
consequently, the improvement of aspects
related to biosafety: contamination/infection
control in dentistry, the objective of this study
was to evaluate the bacterial load of water from
taps and dental units (reservoirs, air-water
syringes and high-speed outputs) using and not

using sodium hypochlorite at 0.0003%.

METHODS

Water samples were collected from 12 taps and
14 dental units (reservoirs, air-water syringes
and high-speed outputs without handpieces)
from the Special Patients Clinic at School of
Dentistry of Ribeirdao Preto = USP, using and not
using sodium hypochlorite solution for reducing
the bacterial contamination of dental unit water
in two stages.

In the study’s first stage, 14 dental unit
water samples that contained sodium
hypochlorite at 0.0003% (0.15mL of sodium
hypochlorite at 1% — 3 drops — in 500mL of
water) in reservoir were collected. In the second
stage, 14 reservoirs of dental units were filled
only with tap water for analysis of bacterial
load, without sodium hypochlorite interference.
It is worth noting that a specific tap was
established to supply all the reservoirs.

10mL water samples were collected in
sterile test tubes (25x150mm). The collection of

water samples from air-water syringes, high-
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speed outputs (without handpieces) and taps
were performed after flush or water drainage for
about 30s. 10"

Residual chlorine from water samples was
neutralized by adding 0.05mL of aqueous
solution of sodium thiosulphate at 2%.

For total aerobic bacteria count
Petrifilm™ AC (Aerobic Count) system was used,
presenting a prepared culture medium with
standard nutrient agar, a gelling agent soluble in
cold water, and triphenyltetrazolium chloride
(TTC)."™2

The experiment was carried out in Class Il
Type A1 Biological Safety Cabinet. According to
the manufacturer's instructions, the seeding of
1mL aliquots of in natura water samples were
carried out after upper film suspension of
Petrifilm™ AC through slow and careful deposit
on central part of the bottom film of codified
plates. The upper film was dropped on the
sample, avoiding air bubble formation, and next
the plastic diffuser on the center of plate was
pressed for around 10s. After removing the
diffuser, the Petrifilm™ AC plates were remained
untouched for at least 1min for gel
solidification. Following this, the plates were
stored in containers with pieces of cotton
wetted with water (humid chamber) and in
horizontal position. The Petrifilm™ AC plates
were incubated at 37°C for 48h.

Reading of Petrifilm™ AC plates was
performed with the help of a stereomicroscope
under reflected light and the numbers of colony-
forming units of total aerobic bacteria were
expressed per milliliter of water sample
(CFU/mL), according to the microbiological

parameter from ordinance No. 2,914 of
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December 12, 2011 from the Ministry of Health
that stipulates the limit at 500CFU/mL of

water.’?

RESULTS

The water bacterial load using and not using
sodium hypochlorite at 0.0003% was evaluated
aiming at contamination control of dental unit
water. It is highlighted that the water samples
were collected from 14 dental units (reservoirs,
air-water syringes and high-speed outputs), and
the results are expressed in Table 1.

In the study’s first stage, all the 14
dental unit water samples supplied with tap
water and addition of sodium hypochlorite at
0.0003% did not presented contamination by
total aerobic bacteria. In the second stage,
among 14 dental unit water samples supplied
with tap water without addition of sodium
hypochlorite, only 1 (7.1%) of the reservoirs, 2
(14.3%) of the air-water syringes and 3 (21.4%) of
the high-speed outputs demonstrated bacterial
load. It should be noted that only the dental unit
No. 8 demonstrated contamination above that
recommended by ADA (<200CFU/mL), but all the
samples were below the contamination
established by
(<500CFU/mL) — Table 1.

Brazilian legislation
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Table 1: Evaluation of bacterial load (CFU/mL) of dental unit water through Petrifilm™
AC plates. Ribeirao Preto, SP, Brazil, 2017.

Dental RE AW HS
Unit No. 1st Stage 2nd Stage  1st Stage 2nd Stage 1st Stage 2nd Stage
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 21 0 5
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 1
8 0 1 0 0 0 485
9 0 0 0 14 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
13 0 0 0 0 0 0
14 0 0 0 0 0 0

Legend: CFU/mL, colony-forming units per milliliter of water; RE, reservoir; AW, air-
water syringe; HS, high-speed output; 1st Stage, tap water with addition of sodium
tap water without addition of sodium

hypochlorite at 0.0003%;
hypochlorite.

2nd Stage,

Regarding water samples from taps from
clinic used to supply the dental units, 10 were
free of total aerobic bacteria and only 2 samples
presented 1CFU/mL [taps between the dental
units (6 and 7) and (13 and 14)], considering that
all presented values below that established by
legislation (<500CFU/mL)
recommended by ADA (<200CFU/mL).

Brazilian and
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DISCUSSION

In the year of 2000, American Dental Association
(ADA)® that  the

contamination of dental unit water should not

declared bacterial

exceed 200CFU/mL. Even so, there are reports
of dental unit water (air-water syringes and

high-speed outputs) with counts of up to
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24,700CFU/mL® and 1,800,000CFU/mL’ that pose
a risk of infection to patients and professionals
present in dentistry environment.

Microorganisms present on waterline
biofilm and dental unit water can cause various
health problems or even lead to death, mainly,
immunocompromised patients and/or smokers,
alcoholics, diabetics and carrier of pulmonary,
cardiac and renal chronic diseases.'*"

In this study, only the water sample from
high-speed output from dental unit No. 8
contamination  above that
recommended by ADA (<200CFU/mL), but all the
samples were below the contamination
established by
(<500CFU/mL).

Despite the water that supplies the

demonstrated

Brazilian legislation

dental units is originating from public water
supply, the reservoirs coupled to dental units
enable the addition of different types of
disinfectants and antiseptics for
decontamination of waterlines and,
consequently, reduction of bacterial load of
water, ensuring potable water for clinical
procedures.'®

One of these disinfectants is sodium
hypochlorite, that demonstrated in this study a
reduction of bacterial contamination of dental
unit water samples, corroborating other authors’

reports.'417-1

Bacterial contamination of dental unit water

According to ADA', it is recommended to
flush for a minimum period of 20 to 30s from air-
water syringes and high-speed outputs, at the
beginning and end of work days and between
patient care, once it can temporarily reduce the
microbial contamination of water and remove
oral fluids that can be entered via backflow from
patient’s mouth.”2° Additionally, current studies
have been demonstrating the need to periodic
monitoring of microbial contamination of dental
unit water, even of those made up of non-return

valves.?'2

CONCLUSION

The usage of sodium hypochlorite solution for
the improvement of bacterial quality of dental
unit water achieved its objective by keeping the
bacterial load of all dental units below that
established by
(<500CFU/mL). However, the frequent and

prolonged usage of sodium hypochlorite, even in

Brazilian legislation

reduced concentration, can possibly cause
damages to reservoir and dental unit waterlines,
corrosion of metallic surfaces (handpieces) as
well as unpleasant taste and smell to water.
Thus, future studies are needed to enlighten

these questions.

REFERENCES

1. Aas JA, Paster BJ, Stokes LN, Olsen I,
Dewhirst FE. Defining the normal bacterial flora
of the oral cavity. J Clin Microbiol [Internet].
2005 Nov [cited 2019 Jun 05];43(11):5721-5732.
Available from:
http://jcm.asm.org/content/43/11/5721.abstra
ct

Rev Pre Infec e Saude.2019;5:8502

2. lto 1Y, Souza-Gugelmin MCM, Lima SNM.
Assepsia e anti-sepsia em endodontia. In:
Leonardo, MR, Leal JM. Endodontia: tratamento
de canais radiculares. 3rd ed. Sao Paulo: Médica
Panamericana; 1998. p. 261-297.

3. Mills SE, Karpay RI. Dental waterlines and
biofilm—searching for solutions. Compend Contin
Educ Dent [Internet]. 2002 Mar [cited 2019 Jun

5



Castro ACM, et al

05];23(3):237-258. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/127851
38

4. Miller CH, Palenik CJ. Infection control and
management of hazardous materials for the
dental team. 2nd ed. St. Louis: Mosby; 1998.
Dental unit water asepsis; p. 190-204.

5. Brazil. Ministry of Health. Ordinance No.
2,914 of December 12, 2011. Dispde sobre os
procedimentos de controle e de vigilancia da
qualidade da agua para consumo humano e seu
padrao de potabilidade. Diario Oficial da Uniao,
Brasilia, 14 dez. 2011. Available from:
http://bvsms.saude.gov.br/bvs/saudelegis/gm/2
011/prt2914_12_12_2011.html

6. Michatkiewicz M, Ginter-Kramarczyk D,
Kruszelnicka IK. Is water in dental units
microbiologically safe? Med Pr [Internet]. 2015
[cited 2019 Jun 05];66(6):763-70. Available
from: http://medpr.imp.lodz.pl/Is-water-in-
dental-units-microbiologically-safe-
,58316,0,2.html

7. Ji XY, Fei CN, Zhang Y, Zhang W, Liu J, Dong
J. Evaluation of bacterial contamination of
dental unit waterlines and use of a newly
designed measurement device to assess
retraction of a dental chair unit. Int Dent J
[Internet]. 2016 Aug [cited 2019 Jun
05];66(4):208-214. Available from:
https://onlinelibrary.wiley.com/doi/full/10.111
1/idj. 12225

8. Blake GC. The incidence and control of
bacterial infection in dental spray reservoirs. Br
Dent J [Internet]. 1963 [cited 2019 Jun
05];115(10):413-416. Available from:
https://www.cabdirect.org/cabdirect/abstract/
19642702287

9. Kelstrup J, Funder-Nielsen TD, Theilade J.
Microbial aggregate contamination of water lines
in dental equipment and its control. Acta Pathol
Microbiol Scand B [Internet]. 1977 Jun [cited
2019 Jun 05];85(3):177-183. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/329637
10. American Dental Association. ADA statement
on dental unit waterlines. J Am Dent Assoc
[Internet]. 1996 Feb [cited 2019 Jun
05];127(2):185-186. Available from:
https://jada.ada.org/article/S0002-
8177(15)60463-9/pdf

11. Centers for Disease Control and Prevention
(CDC). Recommended Infection-Control Practices
for Dentistry, 1993. MMWR Recomm Rep
[Internet]. 1993 May [cited 2019 Jun 05]; 42(RR-
8):1-12. Available from:
https://www.cdc.gov/mmwr/preview/mmwrht
ml/00021095.htm

Rev Pre Infec e Saude.2019;5:8502

Bacterial contamination of dental unit water

12. Monteiro RM, Marques DM, Domingues PCA,
Oliveira VC, Macedo AP, Razaboni AM, et al.
Evaluation of a protocol for reducing the
microbial contamination of dental unit water.
Acta Odontol Latinoam [Internet]. 2018 Dec
[cited 2019 Jun 05];31(3):138-143. Available
from:
http://www.scielo.org.ar/pdf/aol/v31n3/v31n3
a03.pdf

13. Ricci ML, Fontana S, Pinci F, Fiumana E,
Pedna MF, Farolfi P, et al. Pneumonia associated
with a dental unit waterline. Lancet [Internet].
2012 Feb [cited 2019 Jun 05];379(9816):684.
Available from:
https://www.sciencedirect.com/science/article
/pii/S01406736126007492via%3Dihub

14. Lal S, Singhrao SK, Achilles-Day UE, Morton
LH, Pearce M, Crean S. Risk assessment for the
spread of Serratia marcescens within dental-unit
waterline systems using Vermamoeba
vermiformis. Curr Microbiol [Internet]. 2015 Oct
[cited 2019 Jun 05];71(4):434-442. Available
from:
https://link.springer.com/article/10.1007%2Fs00
284-015-0872-0

15. Schonning C, Jernberg C, Klingenberg D,
Andersson S, Paajarvi A, Alm E, et al.
Legionellosis acquired through a dental unit: a
case study. J Hosp Infect [Internet]. 2017 May
[cited 2019 Jun 05];96(1):89-92. Available from:
https://www.sciencedirect.com/science/article
/pii/S01956701173001542via%3Dihub

16. Silva AS, Ribeiro MC, Risso M. Biosseguranca
em Odontologia e ambientes de salde. 2nd ed.
rev. ampl. Sdo Paulo: icone; 2009. Controle da
qualidade da agua; p. 169-173.

17. Karpay RI, Plamondon TJ, Mills SE, Dove SB.
Combining periodic and continuous sodium
hypochlorite treatment to control biofilms in
dental unit water systems. J Am Dent Assoc
[Internet]. 1999 July [cited 2019 Jun
05];130(7):957-965. Available from:
https://doi.org/10.14219/jada.archive.1999.033
6

18. O'Donnell MJ, Boyle M, Swan J, Russell RJ,
Coleman DC. A centralised, automated dental
hospital water quality and biofilm management
system using neutral Ecasol maintains dental
unit waterline output at better than potable
quality: a 2-year longitudinal study. J Dent
[Internet]. 2009 Oct [cited 2019 Jun
05];37(10):748-762. Available from:
https://doi.org/10.1016/j.jdent.2009.06.001

19. Porteous N, Schoolfield J, Luo J, Sun Y. The
biofilm-controlling functions of rechargeable
antimicrobial N-halamine dental unit waterline

6



Castro ACM, et al Bacterial contamination of dental unit water

tubing. J Clin Dent [Internet]. 2011 Jan [cited
2019 Jun 05];22(5):163-170. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PM
C4450763/

20. Petti S, Moroni C, Messano GA, Polimeni A.
Detection of oral streptococci in dental unit
water lines after therapy with air turbine
handpiece: biological fluid retraction more
frequent than expected. Future Microbiol
[Internet]. 2013 Mar [cited 2019 Jun
05];8(3):413-421. Available from:
https://doi.org/10.2217/fmb.12.151

21. Lizzadro J, Mazzotta M, Girolamini L, Dormi
A, Pellati T, Cristino S. Comparison between Two
Types of Dental Unit Waterlines: How Evaluation
of Microbiological Contamination Can Support
Risk Containment. Int J Environ Res Public
Health [Internet]. 2019 Jan 24 [cited 2019 Jun
05];16(3):328. Available from:
https://dx.doi.org/10.3390%2Fijerph16030328

Submitted: 2019-03-14
Accepted: 2019-05-10
Published: 2019-08-01

COLLABORATIONS

ACMC, RMM and PCAD: substantial contributions in work conception and design; in data collecting,
analysis and interpretation; in article writing and its critical review; and in the final version to be
published. MBM, AMR and EW: substantial contributions in work conception and design; in article writing
and its critical review; and in the final version to be published. All the authors agree and take the

responsibility for the content of this manuscript version to be published.

ACKNOWLEDGMENTS
To the Pro-Rectorate Graduation of University of Sao Paulo by conceding the Grant of Teach with

Research Program.

CONFLICTS OF INTEREST

The authors declare that no have conflicts of interest.

AVAILABILITY OF DATA

Available upon request to the authors.

FUDING SOURCE
Sao Paulo Research Foundation (FAPESP). Regular Research Grants (13/02984-8).

Rev Pre Infec e Saude.2019;5:8502 7



Castro ACM, et al Bacterial contamination of dental unit water

CORRESPONDENCE

Evandro Watanabe

Address: Faculdade de Odontologia de Ribeirao Preto, Universidade de Sao Paulo. Avenida do Café, sem
numero, Monte Alegre, Ribeirao Preto — SP. CEP: 14.040-904.

Telephone: +55 (16) 3315-3953

E-mail: evandrowatanabe@gmail.com

Rev Pre Infec e Saude.2019;5:8502 8



