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O he presence of
adherent microbial
biofilms in dental
unit waterlines was
first reported more
than 30 years ago.'
Recently, interest in
these biofilms has
reawakened. This
can be attributed to
increased awareness
of potential occupational hazards in the
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dental office and concern about increasing numbers of dental patients
considered to have diminished
resistance to overt and opportunistic microbial pathogens
(for example, elderly people,
smokers, people with alcoholism, organ transplant and
blood transfusion recipients,
AIDS and cancer patients, people with diabetes, people with
autoimmune diseases and people with chronic organic disorders).2'0 Although no definable
health effects have been associated with exposure to dental
unit water, there have been documented reports of waterborne
disease outbreaks in a broad
range of other facilities, including hospitals, nursing homes,
prisons, schools, restaurants,
community waterworks and
swimming pools. Responsible
waterborne agents include significant bacterial human
pathogens such as Pseudomonas aeruginosa," Escherichia coli2'13 and Legionella

Office

species,'4"' as well as species of
the highly resistant protozoan

Cryptosporidium.'6",
This article provides a brief
overview of the fundamental
processes leading to biofilm formation and the significance
these biofilms have in health
care facilities, particularly hospital and dental settings. A
statement adopted by the American Dental Association relating
to dental unit waterlines appears as a sidebar. The ADA's
statement encourages a consolidated effort to improve water
quality in the dental office and
sets out an aggressive, proactive research agenda for the
control and prevention of biofilm formation in dental unit
waterlines.
BIOFILIMS

Upon immersion of any solid
surface in an aquatic environment, macromolecules and
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Figure 1. Biofilm formation in narrow-bore tubing. On adsorption of macromolecules from the aqueous
phase and the formation of a conditioning film (A), bacteria may either associate reversibly with the surface (B) or adhere irreversibly (C). Subsequent division of adherent cells (D) and recruitment of planktonic cells from the bulk fluid phase results in biofilm formation (E).

other low-molecular-weight hydrophobic molecules in the
water immediately begin to adsorb to the surface to form conditioning films (Figure 1)."8"19
These conditioning films alter
the characteristics of the surface, which in turn may enhance the efficiency of bacterial
adhesion.
The fundamental process
leading to biofilm formation
results from initial bacterial
adhesion and may be either
passive or active.'9 Some microorganisms may already possess
the necessary attachment structures (for example, extracellular
polymeric substances, fimbriae)
to immediately form a firm passive attachment to a surface.
Other bacteria require pro182 JADA, Vol. 127, February 1996

longed exposure to a surface to
attach firmly. In this time-dependent process, termed active
adhesion, biofilm formation begins through an initial reversible association between the microbe and the surface during
which an as-yet-undefined
physiological function (possibly
EPS production) is induced
(Figure 1). Irreversible adhesion and colonization is
achieved through the secretion
of EPS and subsequent microbial multiplication (Figure 1).
The eventual production of a
continuous fixed biofilm on the
now-colonized surface is a function of cell division within the
EPS matrix and the physical inclusion of other bacteria, fungi
and parasitic agents from the

free-floating microbial population in the surrounding water
(Figure 1).'1'"
Biofilms usually develop in
response to adverse environmental conditions. Their development represents a universal
strategy used by the microbial
world to optimize the probability of survival. In comparison to
planktonic (free-floating) microorganisms, sessile (attached)
microbes have several survival
advantages:
- retention (organisms serving
as biofilm components are retained on surfaces in a cooperative ecosystem);
- nutrition (organisms serving
as biofilm components have a
nutritional advantage, as organic and inorganic nutrients are
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bound by the biofilm matrix);
- resistance (biofilm formation
confers microorganisms with a
degree of resistance to antimicrobial substances, primarily as
a result of the protection provided by the EPS matrix).
CONSEQUENCES OF
BIOFILM IN THE
HOSPITAL SETTING

The colonization and proliferation of microorganisms at surface-solution interfaces is a
well-documented and routine
occurrence in many facilities,
including hospitals, nursing
homes, prisons, schools, restaurants, community waterworks
and industrial facilities. The
consequences of such biofilm
formation, which may be significant, include metal corrosion,
energy losses, reduced surface
efficiency and a variety of
health effects.
Of particular interest and,
perhaps, relevance to the dental
office are the documented reports of waterborne infection
and disease in hospital settings.
Although numerous waterborne
microorganisms may be potentially pathogenic, three genera
in particular are excellent examples of causative agents of
waterborne nosocomial (hospital-acquired) infection: Pseudomonas species, Mycobacteria
species and Legionella species.
Pseudomonas species.
There have been reports of bacteria surviving in concentrations of chemical germicides
that go significantly beyond the
perceived limits of bacterial resistance. For example, microbial
contamination of iodophor antiseptic solutions during their
manufacture has been reported
and has been associated with
subsequent outbreaks of nosocomial infection.20-22 Parrott and

colleagues attributed peritoneal
infections to the use of P. aeruginosa-contaminated poloxameriodine antiseptic.22 An investigation of this outbreak revealed
the polyvinylchloride water distribution pipes at the manufacturing facility to be heavily contaminated with biofilm, leading
to the subsequent contamination of the antiseptic product.23
Contamination of chemical
germicides during handling
after their manufacture also
has been associated with hospi-

tal-acquired infection. In one
outbreak, P. multivorans was
isolated from infected surgical
wounds of nine patients.24 The
microorganism was later cultured from bottles of the topical
antiseptic (0.005 percent chlorhexidine, 0.5 percent cetrimide)
used to bathe the wounds. The
source of contamination was
identified as the piped water
supply to the hospital, which
had been used to dilute the antiseptic concentrate.
Mycobacteria species.
Several species of nontuberculous mycobacteria (for example,
Mycobacterium avium complex,
M. chelonei, M. fortuitum, M.
gordonae, M. kansaii, M. terrae

and M. xenopi) have been isolated from hospital water systems,
some of which have been associated with outbreaks of nosocomial infection.25-28 In one such
outbreak, M. xenopi isolated
from hot water taps in a Veterans Administration hospital
was implicated in 19 cases of
pulmonary disease in hospitalized patients.27 Disease transmission occurred through the
formation of infectious aerosols
(invisible airborne droplets 1 to
5 microns in size) of M. xenopi
when patients used a shower,
and consequent colonization of
the patients through inhalation
or ingestion of these infectious
droplets.
Legionella species.
Legionella species are wellknown as etiologic agents of
both Legionnaires' disease and
Pontiac fever. Forty-eight species and more than 51 serogroups of Legionella have been
identified. Eighteen species
have been associated with either fatal pneumonia (Legionnaires' disease) or a nonpneumonic, self-limiting flulike
illness (Pontiac fever).29
All identified environmental
sources of Legionella infection
have been linked to contaminated water. Potential sources
of legionellosis include contaminated water in cooling towers
and air conditioners, hot tubs,
shower head water and public
fountains. Epidemiologic analyses of epidemic and sporadic
cases have identified a variety
of risk factors for the development of Legionnaires' disease.
Prominent among these factors
have been cigarette smoking,30
advanced age,31 chronic lung
disease3' and immunosuppression.32,33

One well-documented outbreak of Legionnaires' disease
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occurred in a hospital in Stafford, England.34 The source of
infection was identified as the
cooling water system of one of
the air conditioning plants.
Sixty-eight patients with confirmed cases of Legionnaires'
disease were treated at the hospital, and 22 of these patients
died. A further 35 patients were
suspected of being infected. The
epidemiological investigation
revealed that all of these patients had recently visited the
outpatient department of the
hospital. An investigation of
staff at the Stafford hospital revealed 30 percent of the 790
staff members to be seropositive
for Legionella antibodies, while
control subjects demonstrated a
seropositivity rate of only 3 percent.34
Many other reports describe
nosocomial outbreaks of
Legionnaires' disease in which
L. pneumophila was recovered
from shower heads and the
water supply.35-40 A recent study
documents that susceptible patients who used showers during
hospitalization were at an increased risk of acquiring
Legionnaires' disease in comparison with patients who
sponge- or towel-bathed.41
In summary, the impact of
contaminated water on nosocomial infection has been welldocumented. Infection or disease results primarily through
either the inhalation of infectious aerosols (for example,
Legionnaires' disease, M. avium
complex) or direct inoculation of
traumatized tissue (for example, Pseudomonas species).

bial colonization and proliferation, primarily due to the high
surface:volume ratio in the tubing and the character of fluid
dynamics in narrow, smoothwalled waterlines (Figure 1).
Microorganisms in dental waterlines can come from a variety
of sources. Most experts, however, suggest the public water
supply to be a primary source.
It is important to note that
microbial species colonizing
dental units are mainly bacterial, fungal and free-living protozoan agents; viruses, such as
the human immunodeficiency

virus, cannot multiply in the
dental unit waterline. Although
it is possible that patient body
fluids may be aspirated back
into the waterlines during
treatment, current infection
control recommendations minimize the likelihood of this occurrence. Current recommendations include the installation
and proper maintenance of antiretraction valves and thorough
flushing of the dental unit waterlines after treatment of each
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patient.42'43

The dental waterline provides
an ideal environment for micro-

emitting from the high-speed
handpiece, the air-water sy-
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As a consequence of biofilm
in dental waterlines, the water

ringe and the ultrasonic scaler
contains elevated concentrations of microorganisms. Microbial counts in the range of 1
million microorganisms per
milliliter of water have been reported.2-0
Currently, there is no scientific documentation establishing
that biofilm in dental unit waterlines represents a definable
public health risk. This lack of
evidence may reflect the absence of, or at least a very low
rate of, disease transmission
and is reassuring, as water is
used during most dental procedures. The lack of definitive evidence, however, also may reflect
the difficulty of establishing
epidemiological links between
infections with extended incubation times and antecedent
dental procedures. Studies in
the scientific literature are limited, but they do suggest that
dental unit water may contain
significant concentrations of
Pseudomonas and Legionella
species, both of which are potentially pathogenic to the susceptible host.
Pseudomonas species. In
1987, two case reports were
published in the British Dental
Journal describing the placement of large amalgam restorations using matrix bands in two
patients with cancer.44 Three to
five days after amalgam was
placed, the patients returned to
the dental office complaining of
pain and swelling. On oral examination of both patients, the
dentist observed that the
swelling corresponded to the
area where the matrix band had
been used. Microbiologic culture
of the infected sites recovered P.
aeruginosa. The same pyocin
type of P. aeruginosa was subsequently isolated from the dental unit waterlines in both case

~COVER STORYinvolve someadditional expense. Th0include the use of
-mindependent water reservoirs;
- chemical treatment regimens;
- daily draining and air
purging regimens;
- point-of-use filters.
Preliminary data suggest
that some combination of the
above strategies will be necessary to control biofilm formation and to achieve the desired level of water quality. To
date, however, there are insufficient data to establish the
effectiveness of available
methods. Industry and independent researchers should be
strongly encouraged to explore as wide a range as possible of alternatives and adjuncts to the above listed
options. Dental practitioners
should always consult with
the manufacturer of their dental units before initiating any
waterline treatment protocol.
WATER QUALITY
MONITORING

water qu icdicator should
be
and easy to
use m- cel acurately detect a
wide concentration range and
type of aerobic mesophilic heterotrophic waterborne bacteria
within a reasonable incubation
time at room temperature; and
be relatively inexpensive to use.
The Council is aware that technology meeting these criteria is
already available and could possibly be adapted for use in dentistry with misnimal developmental cost.
TRAINING AND
EDUCATION

The ADA should enhance its efforts to educate dental practitioners regarding microbial contamination and biofilm
formation in dental unit waterlines, and the need for improvement in the quality of water delivered to patients. Additionally,
manufacturers should maintain
an active approach in training
and educating the profession in
the proper use and maintenance
of their systems.
CRITICAL RESEARCH AND
DEVELOPMENT NEEDS
IDENTIFIED BY THE
COUNCIL

Simple and inexpensive methods to estimate the number of
free-floating heterotrophic
bacteria in dental unit water
need to be developed to test
the effectiveness of control
measures. A well-designed

- Research is needed to define
the natural history of biofilms,
specifically to more clearly determine the relationship of the

reports. The authors speculated
that both infections were a result of direct inoculation of
traumatized tissue with contaminated dental water. However, there remains the possibility that the specific microorganisms of concern in the waterlines originated from the respective patients.

Legionella species. Several
reports have demonstrated that
Legionella species may colonize
some dental units and have
suggested that such contamination may result in occupational
exposure to the microorganism
through aerosolization of contaminated water.3'9'10 Indeed,
several studies have demon-
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-Imrovd, research-based
methods need to be developed
to effectively eliminate existing biofilm and prevent or
control formation of new
biofilm in dental unit waterlines.

-Alterative devices for

monitoring the microbial
quality of water used during
dental care should be developed that are simple, reliable
and cost-effective.
In summary, the Council
recognizes that the scientific
literature supports the need
for improvement in dental
unit water quality. The
Council will continue to work
with industry and the research community to address
research and development
needs that will allow the delivery of water of an optimal
microbiological quality to the
dental patient. The Council
recommends dissemination of
this information to dentists as
part of the ADA's ongoing service to the profession and the
public.
This statement was adopted by the ADA
Board of Trustees, December 13, 1995, and
the ADA Council on Scientific Affairs,
September 28, 1995.

strated higher seroprevalence
rates for Legionella antibodies
among dental personnel than
among nonmedical control
groups.45-47 However, it should
be noted that Legionella species
are ubiquitous in the environment, and it is difficult to establish a definitive relationship between the presence of serum
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antibody and the source of exposure without comprehensive
epidemiological investigations.
Nevertheless, one such serological study analyzed samples
from 107 dentists, dental assistants and dental technicians
for antibodies to seven different Legionella species.46
Thirty-four percent of the dental personnel showed a positive reaction to the polyvalent
L. pneumophila antigen SG1SG6 (Figure 2); L. pneumophila is the species considered
most pathogenic to humans.
Only 5 percent from a control
group (nonmedical workers)
tested positive. Dentists
demonstrated the highest prevalence (50 percent) of L. pneumophila antibodies (Figure 2),
followed by assistants (38 percent) and technicians (20 percent).
Higher seroprevalence rates
for Legionella antibodies
among dental personnel have
not been directly correlated
with higher rates of disease.
Investigators have speculated
that the higher prevalence of
antibodies may reflect continuous exposure to small numbers
of the organism, resulting in
mild (Pontiac fever) or inapparent infections.47
As already mentioned, there
are no definitive data linking
dental exposure to contaminated water with specific disease
incidents. However, as reviewed here, several retrospective studies among dental staff
may suggest occupational exposure to potential pathogens.
While exposure is not necessarily synonymous with infection
or disease, reliance on the basic
infection control principle of
avoiding unwarranted exposure
would seem a sound basis for
professional decision making.
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Figure 2. Prevalence of antibodies to Legionella pneumophila SGI SG6. Twenty-three percent of the samples from people working in
dental offices showed weak reactions (titers 1:32-1:64), and 11 percent showed higher antibody titers (1:128-1:256). The percentages
for the control group were 4 percent and 1 percent, respectively
(P c.001). (Reprinted with permission of Journal of Dental Research
from Reinthaler FF, Mascher F, Stunzer D.46)

STATEMENT ON DENTAL
UNIT WATERLINES

The ADA, as early as 1978,
suggested flushing dental unit
waterlines with germicides as
a means of controlling biofilm
formation.48 However, as it became clear that such a recommendation may not necessarily
be appropriate for every dental
unit in the marketplace, subsequent publications recommended that dentists follow
dental unit manufacturers'
recommendations for the
proper maintenance of waterlines.42,49
Since that time, the ADA
has hosted several workshops
bringing together researchers
and manufacturers in an effort
to develop a consensus solution
for improving the quality of

dental unit water. To date,
however, no scientific data
evaluating the safety and effectiveness of potential solutions are available for the dental setting, and consequently
no consensus solution has
emerged. To continue to address the waterline issue
proactively, the Association in
August 1995 convened an expert panel of representatives of
the dental profession, various
governmental agencies, academia, research and industry.
The panel developed a statement on dental unit waterlines
that was adopted by the ADA
Council on Scientific Affairs
and subsequently by the
Association. The statement
outlines concerns relating to
biofilm in the dental office,
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suggests a quality assurance
standard for water and identifies research areas that should
be addressed to achieve that
standard. (See the sidebar on
page 185; also see "Interim Recommendations" on this page.)
SUIMVMARY

The presence of adherent microbial biofilms in dental unit
waterlines is well-documented.
As a consequence of these
biofilms, the water exiting the
waterlines may be of poor microbiologic quality. A limited
number of case reports and

I

amount of retrospective serological evidence may suggest
exposure of patients and dental
staff to potential bacterial
pathogens via dental water.
However, no definable health
effects have been associated
with exposure to dental unit
water. The ADA has set out an
aggressive, proactive research
agenda for the control and prevention of biofilm formation in
dental unit waterlines, and the
Association encourages researchers and manufacturers to
improve the design of dental
equipment so that the water
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options.)
- Sterile saline or sterile
water should be used as a
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O n view of the collaborative
research that will be required
before any definitive recommendations can be made to
improve water quality, the following interim recommendations are offered to the profession:
- Waterlines (without the
handpiece attached) should be
allowed to run and discharge
water for several minutes at
the beginning of each clinic
day.43 (This procedure is intended to reduce any
overnight or weekend microbial accumulation.)
- High-speed handpieces
should be run to discharge
water and air for a minimum
of 20 to 30 seconds after use
on each patient. (This procedure is intended to aid in
physically flushing out patient
material that may have42'43 en-

delivered to
dental patients
is of the best
possible quality.

coolant/irrigator when suical procedures ivolving the
tered the turbine and airlines
or waterlines. Use of an enclosed container or high-velocity evacuation should be considered during discharge
procedures to minimize the
spread of spray, splatter and
aerosols.)
- Dental personnel should
routinely follow the instructions of the dental unit's manufacturer for the proper maintenance of waterlines.4243
- Use of commercial options
for improving water quality
should be considered.
(Dentists are cautioned that
the research relating to the
safety and effectiveness of
some of the available options
is limited. Consultation with
the dental unit manufacturer
may be advisable before instituting one, or any combination, of the currently available

cutting of bone are
performed.43
The ADA, through its
Council on Scientific Affirs,
will continuously monitor research and development activities relating to the control
and prevention of biofilm formation. One of these activities
will be the Council's development of evaluation guidelines
for equipment used in, or related to, the control and prevention of biofilm. The completion of such guidelines will
allow manufacturers of appropriate products and equipment access to the
Association's Acceptance
Program. In this way, the profession may be made aware of
dental products and equipment with the ability to meet
suggested quality assurance
standards for dental water.

-COVER STORY§
1. Blake GC. The incidence and control of
bacterial infection of dental units and ultrasonic scalers. Br Dent J 1963;115:413-6.
2. Mayo JA, Oertling KM, Andrieu SC. Bacterial biofilm: a source of contamination in
dental air-water syringes. Clin Prev Dent
1990;12:13-20.
3. Luck PC, Bender L, Ott M, et al. Analysis
ofLegionella pneumophila serogroup 6
strains isolated from a hospital warm water
supply over a three-year period by using genomic long-range mapping techniques and
monoclonal antibodies. Appl Environ Microbiol 1991;57:3226-31.
4. Whitehouse RL, Peters E, Lizotte J, et al.
Influence of biofilms on microbial contamination in dental unit water. J Dent 1991;19:290-5.
5. Beierle JW. Dental operatory water lines.
Calif Dent Assoc J 1993;21:13-5.
6. Williams JF, Johnston AM, Johnston B,
et al. Microbial contamination of dental unit
waterlines: prevalence, intensity and microbiological characteristics. JADA 1993;124:59-65.
7. Pankhurst CL, Philpott-Howard JN. The
microbiological quality of water in dental
chair units. J Hosp Infect 1993;23:167-74.
8. Williams HN, Kelley J, Folineo D,
Williams GC, Hawley CL, Sibiski J. Assessing
microbial contamination in clean water dental units and compliance with disinfection
protocol. JADA 1994;125:1205-11.
9. Atlas RM, Williams JF, Huntington MK.
Legionella contamination of dental-unit waters. Appl Environ Microbiol 1995;61:1208-13.
10. Challacombe SJ, Fernandes LL. Detecting Legionella pneumophila in water systems:
a comparison of various dental units. JADA
1995;126:603-8.
11. Favero MS. Whirlpool spa-associated infections: are we really in hot water? Am J
Public Health 1984;74:653-4.
12. Swerdlow DL, Woodruff BA, Brady RC,
et al. A waterborne outbreak in Missouri of
Escherichia coli 0157:H7 associated with
bloody diarrhea and death. Ann Intern Med

1992;117:812-819.
13. Keene WE, McAnulty JM, Hoesly FC, et
al. A swimming-associated outbreak of hemorrhagic colitis caused by Escherichia coli
0157:H7 and Shigella sonnei. N Engl J Med
1994;331:579-84.
14. Lowry PW, Blankenship RJ, Gridley W,
et al. A cluster of Legionella sternal wound
infections due to post-operative topical exposure to contaminated tap water. N Engl J
Med 1991;324:109-13.
15. Centers for Disease Control and
Prevention. Legionnaires' disease associated
with cooling towers-Massachusetts, Michigan, and Rhode Island, 1993. MMWR 1994;
43:491-9.
16. Hayes EB, Matte TD, O'Brien TR, et al.
Large community outbreak of cryptosporidiosis due to contamination of a filtered public
water supply. N Engl J Med 1989;320:1372-6.
17. MacKenzie WR, Hoxie NJ, Proctor ME,
et al. A massive outbreak in Milwaukee of
Cryptosporidium infection transmitted
through the public water supply. N Engl J
Med 1994;331:161-7.
18. Costerton JW, Cheng K-J, Geesey GG,
et al. Bacterial biofilms in nature and disease.

Ann Rev Microbiol 1987;41:435-64.
19. Marshall KC. Biofilms: An overview of
bacterial adhesion, activity, and control at
surfaces. ASM News 1992;58:202-7.
20. Berkelman RL, Anderson RL, Allen JR,
et al. Investigation of two hospital outbreaks
caused by contamination of iodophor antiseptic solutions with Pseudomonas. In: Digenis
GA, Ansell J, eds. Proceedings of the International Symposium on Povidone.Lexington:
University of Kentucky Press; 1983:1411-45.
21. Craven DE, Moody B, Connolly MG, et
al. Pseudobacteria caused by povidone-iodine
solution contaminated with Pseudomonas
cepacia. N Engl J Med 1981;305:621-3.
22. Parrott PL, Terry PM, Whitworth EN,
et al. Pseudomonas aeruginosa peritonitis associated with contaminated poloxamer-iodine
solution. Lancet 1982;2:683-5.
23. Berkelman RL, Anderson RL, Davis BJ,
et al. Intrinsic bacterial contamination of a
commercial iodophor solution: Investigation
of the implicated manufacturing plant. Appl
Environ Microbiol 1984;47:752-6.
24. Bassett DC, Stokes KJ, Thomas WR.
Wound infection with Pseudomonas multivorans: a water-borne contaminant of disinfectant solutions. Lancet 1970;1:1188-91.
25. Lowry PW, Beck-Sague CM, Bland LA,
et al. Mycobacterium chelonae infection
among patients receiving high-flux dialysis in
a hemodialysis clinic in California. J Infect
Dis 1990;161:85-90.
26. Weinberger M, Berg SL, Feuerstein IM,
Pizzo PA, Witebsky FG. Disseminated infection with Mycobacterium gordonae: report of a
case and critical review of the literature. Clin
Infect Dis 1992;14:1229-39.
27. Costrini AM, Mahler DA, Gross WM, et
al. Clinical roentgenographic features of nosocomial pulmonary disease due to Mycobacterium xenopi. Am Rev Resp Dis 1981;123:104-9.
28. Lowry PW, Jarvis WR, Oberle AD, et al.
Mycobacterium chelonae causing otitis media
in an ear-nose-and-throat practice. N Engl J
Med 1988;319:978-82.
29. Fang GJ, Vlyu D, Vickers RM. Disease
due to the Legionellaceae (other than L. pneumophila). Medicine 1989;68:116-32.
30. Fraser DW, Tsai TR, Orenstein W, et al.
Legionnaires' disease: description of an epidemic of pneumonia. N Engl J Med 1977;297:
1189-97.
31. England AC III, Fraser DW, Plikaytis
BD, et al. Sporadic legionellosis in the United
States: the first thousand cases. Ann Intern
Med 1981;94:164-70.
32. England AC III, Fraser DW. Sporadic
and epidemic nosocomial legionellosis in the
United States: epidemiologic features. Am J

Med 1981;70:707-11.
33. Haley CE, Cohen ML, Halter J, Meyer
RD. Nosocomial Legionnaires' disease: a continuing common-source epidemic at
Wadsworth Medical Center. Ann Intern Med
1979;90:583-6.
34. O'Mahony MC, Stanwell-Smith RE, Tillett HE, et al. The Stafford outbreak of
Legionnaires' disease. Epidemiol Infect 1990;
104:361-80.
35. Stout J, Yu VL, Vickers RM, et al. Ubiquitousness of Legionella pneumophila in the

water supply of a hospital with endemic Le-

gionnaires' disease. N Engl J Med 1982;306:
466-8.
36. Bollin GE, Plouffe JF, Para MF, Hackman B. Aerosols containing Legionella pneumophila generated by shower heads and hotwater faucets. Appl Environ Microbiol 1985;
50:1128-31.
37. Cordes LG, Wiesenthal AM, Gorman
GW, et al. Isolation of Legionella pneumophila from hospital shower heads. Ann Intern
Med 1981;94:195-7.
38. Snyder MB, Siwicki M, Wireman J, et
al. Reduction in Legionella pneumophila
through heat flushing followed by continuous
supplemental chlorination of hospital hot water. J Infect Dis 1990;162:127-32.
39. Palmer SR, Zamiri I, Ribeiro CD, Gajewska A. Legionnaires' disease and reduction
in hospital hot water temperatures. Br Med J
1986;292:1494-1495.
40. Wadowsky RM, Yee RB, Mezmar L, et
al. Hot water systems as sources of Legionella
pneumophila in hospital and nonhospital
plumbing fixtures. Appl Environ Microbiol
1982;43:1104-10.
41. Breiman RB, Fields BS, Sanden
GN,Volmer L, Meier A, Spika JS. Association
of shower use with Legionnaires' disease.
Possible role of amoebae. JAMA
1990;263;2924-6.
42. American Dental Association. Council
on Dental Materials, Instruments and Equipment; Council on Dental Therapeutics; Council on Dental Research; and Council on Dental
Practice. Infection control recommendations
for the dental office and the dental laboratory.
JADA 1992;123:Supplement.
43. Centers for Disease Control and Prevention. Recommended infection-control practices
for dentistry, 1993. MMWR 1993;41(RR-8):1-12.
44. Martin MV. The significance of the bacterial contamination of dental unit water systems. Br Dent J 1987;163:152-4.
45. Fotos PG, Westfall HN, Snyder IS, et al.
Prevalence of Legionella-specific IgG and IgM
antibody in a dental clinic population. J Dent
Res 1985;64:382-5.
46. Reinthaler FF, Mascher F, Stunzer D.
Serological examinations for antibodies
against Legionella species in dental personnel. J Dent Res 1988;67:942-3.
47. Luck PC, Bender L, Ott M, et al.
Analysis of Legionella pneumophila serogroup
6 strains isolated from dental units. In:
Barnaree JM, Breiman RF, Dufour AP, eds.
Legionella: current status and emerging perspectives. Washington, D.C.: American
Society of Microbiology; 1993:240.
48. American Dental Association. Council
on Dental Materials and Devices and Council
on Dental Therapeutics. Infection control in
the dental office. JADA 1978;97:673-7.
49. American Dental Association. Council
on Dental Materials, Instruments, and
Equipment; Council on Dental Practice; and
Council on Dental Therapeutics. Infection control recommendations for the dental office and
the dental laboratory. JADA 1988;116:241-8.

JADA, Vol. 127, February 1996 189

