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Water as a Reservoir of Nosocomial Pathogens
William A. Rutala, PhD, MPH; David J. Weber, MD, MPH

Understanding the means of acquisition,
sources, and reservoirs of nosocomial pathogens is
crucial for developing methods to reduce the inci-
dence of nosocomial infections. The article in this
issue by Graman et al1 highlights the continued
importance of the environment, especially water
sources, as a reservoir for nosocomial pathogens.
Important water reservoirs in the hospital include
potable water, sinks, faucet aerators, showers, tub
immersion, toilets, dialysis water, ice and ice
machines, water baths, flower vases, eyewash sta-
tions, and dental-unit water stations (Table). This edi-
torial will review water as an important reservoir of
nosocomial pathogens, with a focus on methods for
prevention and control.

POTABLE WATER

Several noncoliform bacteria can replicate in
relatively pure water, including Pseudomonas aerugi-
nosa, Burkholderia cepacia, Serratia marcescens,
Acinetobacter calcoaceticus, Flavobacterium meningo-
septicum, Aeromonas hydrophila, and certain nontu-
berculous mycobacteria.2,3 These organisms may be
present in drinking water that has acceptable levels
of coliform bacteria (ie, <1 coliform bacterium/100
mL). Reports that gram-negative bacilli may be iso-
lated in large numbers from water-related sources
raise concerns that these pathogens may, on occa-
sion, be sources of nosocomial infections.

Potable water has been described as a reservoir
in several outbreaks. Most commonly, semicritical
equipment has been rinsed with potable water, result-
ing in contamination of the equipment and subsequent
nosocomial infections. Outbreaks have involved tra-
cheal suction tubing contaminated with Pseudomonas
paucimobilis,4 otologic equipment contaminated with
Mycobacterium chelonae,5,6 material used for discec-
tomies contaminated with Mycobacterium xenopi,7 and
endoscopic equipment contaminated with P aerugi-
nosa.8 Rinsing of burn patients with tap water as first
aid when entering the hospital has led to serious
wound infection and sepsis with P aeruginosa.9

Nontuberculous mycobacteria have been
involved in several outbreaks in addition to those
noted above. Costrini and coworkers have described
19 cases of nosocomial pulmonary disease due to M
xenopi, which was isolated from several hot-water gen-
erators and water taps in hospital wards.10 Two out-
breaks of M chelonae infections have been reported in
patients receiving hemodialysis with reprocessed dia-
lyzers. In both cases, M chelonae was isolated from
the clinic water supply.11,12 Because atypical
mycobacteria are relatively resistant to agents used
for disinfection, it is not surprising that inadequately
disinfected equipment that has been in contact with
potable water could serve as a source for infection
with these pathogens. Mycobacterium avium acquisi-
tion in human immunodeficiency virus (HIV)-infected
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persons has been linked by molecular analysis to con-
tamination of a hospital water system.13

Nosocomial acquisition of Legionella pneu-
mophila14-18 and Legionella bozemanii19 has been
linked to contamination of hospital water supplies,
and, more recently, the association has been
strengthened by use of molecular epidemiological
typing methods (eg, DNA fingerprinting by pulsed-
field gel electrophoresis) of clinical and environmen-
tal strains.15,18,20-22 Legionella can be isolated from
more than 50% of the potable water supplies and
more than 10% of the distilled water supplies in hos-
pitals.23 The subject of Legionella in hospitals24 and
disinfection of water distribution systems for

Legionella25 has been reviewed. 

SINKS 

A number of reports have demonstrated the
presence of gram-negative bacteria in hospital sinks,
but patients rarely seem to acquire nosocomial
pathogens from this source.26-29 The ability of gram-
negative bacilli to survive wet environments for long
periods of time (>250 days) helps to explain their com-
mon occurrence in sink drains.30 Not surprisingly,
many of these bacteria isolated from sinks possess
resistance to antibiotics such as the aminoglyco-
sides.30,31

TABLE
WATER AS A RESERVOIR OF NOSOCOMIAL PATHOGENS

Associated Prevention and 
Reservoir Pathogen(s) Transmission Importance* Control

Potable water Pseudomonas, Contact Moderate Follow public health guidelines
Mycobacteria, 
Legionella

Sinks Pseudomonas Contact, droplet Low Use separate sinks for handwashing 
and disposal of contaminated fluids

Faucet aerators Pseudomonas Contact, droplet Low No precautions necessary at present
Showers Legionella Inhalation Low Prohibit use in immunocompromised 

patients
Ice and ice machines Legionella, Ingestion, Moderate Periodic cleaning; use automatic 

Enterobacter, contact dispenser (ie, avoid open chest 
Pseudomonas, storage compartments in patient areas)
Salmonella, 
Cryptosporidia

Eyewash stations Pseudomonas, Contact Low Have available sterile water for eye flush or 
Legionella, Ameba weekly (or monthly) flush eyewash stations

Dental-unit water Pseudomonas, Contact Low Clean water systems 
systems Legionella, 

Sphingomonas, 
Acinetobacter

Dialysis water Gram-negative Contact Moderate Follow guidelines: dialysate <2,000 
bacilli organisms/mL; water <200 organisms/mL

Water baths Pseudomonas, Contact Moderate Add germicide to water bath or use plastic 
Acinetobacter overwrap of the transfused product

Ice baths for Ewingella, Contact Low Use sterile water
thermodilution Staphylococcus
catheters

Tub immersion Pseudomonas Contact Moderate Drain and disinfect tub after each use; 
consider adding germicide to water

Toilets Gram-negative — Minimum Utilize good handwashing
bacilli

Flowers Gram-negative — Minimum Prudent to avoid in intensive-care unit and 
bacilli, Aspergillus rooms of immunocompromised patients

* High: multiple, well-described outbreaks due to this reservoir; moderate: occasional well-described outbreaks; low: rare, well-described outbreaks; minimum: actual
infection not demonstrated.
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Several investigators have suggested that
gram-negative bacteria can pass to patients by
employees’ hands contaminated during handwash-
ing, presumably by splashing of water droplets from
the sink basin to hands. This statement is based on
several studies that have isolated pathogens coloniz-
ing or infecting patients from handwashing sinks.32-
38 For example, Doring et al demonstrated that
healthcare workers could develop at least transient
hand colonization with P aeruginosa strains found in
the hospital sinks.39,40

Although organisms may pass to patients from
employees through handwashing at a contaminated
sink, this route does not seem to be an important fac-
tor in endemic nosocomial infections. If epidemic
spread of gram-negative bacteria from sinks is sus-
pected, control procedures that eliminate the sink as
a reservoir should be used.32,33

FAUCET AERATORS AND SHOWERS

The faucet aerator has been identified as a reser-
voir and possible source of infection within the hospi-
tal.41-44 The most convincing evidence that faucet
aerators may be reservoirs of nosocomial pathogens
is provided by Fierer and coworkers, who used pyocin
typing to demonstrate that premature infants became
infected with P aeruginosa from delivery room resus-
citation equipment that was contaminated by a faucet
aerator.42 The importance of faucet aerators as reser-
voirs for nosocomial pathogens is unknown, but the
permanent removal of all aerators and screens from
faucets or the disinfection of faucet aerators on a rou-
tine basis seems unwarranted at present. 

Contaminated hand-held shower heads have
been linked to an outbreak of puerperal endometritis
with group A streptococci.45 L pneumophila also has
been isolated from shower heads.46 Despite steriliza-
tion of the shower heads with ethylene oxide, rapid
recontamination occurred, suggesting that the
potable water also was contaminated. 

ICE AND ICE MACHINES

Contaminated ice and ice machines occasional-
ly may be a source for nosocomial infections.
Hutchings and Wheeler, in 1903, reported an epi-
demic of Salmonella typhi among hospital staff
because of the use of ice obtained from a fecally con-
taminated river.47 During the last 25 years, several
reports have linked nosocomial epidemics or pseudo-
epidemics to contaminated ice or ice machines.
Newson reported an outbreak of serious pulmonary
and wound infections caused by Enterobacter cloacae
and P aeruginosa traced to an ice machine with
bad plumbing.48 Patients were presumed to have

acquired the epidemic pathogens by sucking on ice
or ingesting iced drinks. Ravn et al reported an out-
break of cryptosporidiosis, involving both HIV-
positive and -negative subjects, that was traced to an
ice machine contaminated by an incontinent, psy-
chotic patient.49 Stamm and coworkers reported an
outbreak of Flavobacterium sepsis in 14 patients that
was traced to the use of nonsterile ice. Investigation
revealed that the ice machine in the intensive-care
unit served as the reservoir for the epidemic
pathogen.50 An outbreak of Mycobacterium fortuitum
colonization51 and pseudo-epidemics of M
fortuitum52 and Mycobacterium gordonae53 also have
been linked to contaminated ice machines acting as a
reservoir for these organisms. Despite these reports,
a survey of ice machines found few organisms of sig-
nificance colonizing the ice or the machines.54

L pneumophila may colonize several water
sources. Stout et al discovered that the cold-water
dispensers of 8 of 14 ice machines yielded L pneu-
mophila.55 Positivity of these sites was linked to the
incoming cold-water supply by recovering L pneu-
mophila from the cold-water storage tank, which was
supplied directly by the incoming municipal water
line. Although no epidemiological link to disease was
made, the hospital eliminated the cold-water dis-
penser from ice machines. However, more recently,
Bangsborg et al linked nosocomial legionellosis in
two heart-lung transplant patients to a contaminated
ice machine,56 and Gahrn-Hansen linked nosocomial
legionellosis in a renal transplant unit to contamina-
tion in the ice machine and shower water.57 The arti-
cle in this issue by Graman and colleagues again
emphasizes the ability of Legionella to be present in
multiple water sources including ice machines.1

Because meaningful microbial standards for
ice, ice-making machines, and ice storage compart-
ments do not exist, routine cultures of ice machines
are not recommended. The Centers for Disease
Control and Prevention (CDC), however, has pub-
lished a set of recommendations designed to mini-
mize ice- and ice-machine–associated infections.58 A
regular program of disinfection of ice machines is
included in these recommendations. More recently,
Burnett and colleagues have provided guidelines of
the maintenance of ice machines.54

EYEWASH STATIONS

Stationary and portable eyewash stations,
which may be unused for months or years, represent
a reservoir for potential pathogens. An analysis of 40
eyewash stations revealed the following contamina-
tion rates: heterotropic bacteria (majority of isolates,
Pseudomonas species), 95%; Legionella species, 7.5%;
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amoebae (eg, Hartmannella), 47.5%; and fungi,
42.5%.59 This high contamination rate raises con-
cerns that serious eye infections could result if such
eyewash stations were used to flush injured eyes.
Because the source water may stand in the incoming
pipes at room temperature for a year or more, it has
been recommended by the American National
Standards Institute (Z358-1981) that eyewash sta-
tions be flushed weekly. Ideally, eyes should be
flushed with unused bottles of sterile water or other
solutions. However, a disadvantage of the eyewash
bottles is the small volume. When a chemical spill to
the eyes occurs, copious amounts of water are
required to flush the injured eye.59

DENTAL-UNIT WATER SYSTEMS

Dental units are equipped with plastic tubing to
bring water to the different dental handpieces (the
air-water syringe, the ultrasonic scaler, and the high-
speed handpiece). Potable water normally supplies
these dental units. With use, the water lines in the
dental units may become contaminated heavily with
microorganisms. One study reported that all dental
units were contaminated with at least 5 logs of bacte-
ria, most commonly Sphingomonas, Pseudomonas,
Acinetobacter, and Methylobacterium.60 L pneumophi-
la, other Legionella species,61 and nontuberculous
mycobacteria62 have been recovered from dental-
unit water supplies. Although the clinical significance
is not documented fully,61,63 it has been reported
that pseudomonal infection of immunocompromised
patients63 and legionellosis in a California dentist61
have resulted from use of a contaminated dental-unit
water system. Control measures for purging or disin-
fecting the system include water flushes (a 2-minute
purge with water reduces counts on average by one
third), flush with a disinfectant solution, or use of a
“clean-water system” (a system that feeds sterile
water into the dental unit). However, there are con-
cerns that flushes with water still result in bacterial
levels of greater than 3 logs,64 while disinfectant
flushes may not be successful in eradicating bacteria
contained in biofilms. The clean-water units must be
disinfected weekly, or they become contaminated
with large numbers of microorganisms. Further stud-
ies are necessary to determine the infection risk from
dental-unit water systems and the effectiveness of
control measures designed to reduce the risk.65

DIALYSIS WATER

It was demonstrated in the 1970s that exces-
sive levels of gram-negative bacteria in the dialysate
of hemodialyzers were responsible for pyrogenic

reactions or bacteremia. This hazard is caused either
by the organism gaining entrance to the blood from
the dialysate or by endotoxins from gram-negative
bacteria associated with the water and dialysate pass-
ing intact through membranes and causing pyro-
genic reactions. In one study by Favero et al, the
attack rates of pyrogenic reactions were related
directly to the levels of gram-negative bacteria in the
dialysate.66,67 It also has been demonstrated that
certain types of bacteria, especially the water bacte-
ria, have the capability of surviving and multiplying
in distilled, deionized, reverse-osmosis, and softened
water, all of which have been used to supply water
for hemodialysis.67 Based on these data, it has been
suggested by the CDC that the water used to pre-
pare dialysis fluid should be sampled monthly and
that the supply water should have less than 200 bac-
teria/mL. The dialysate also should be sampled
monthly and should contain less than 2,000 bacte-
ria/mL.68,69 Factors that influence microbial conta-
mination of hemodialyzers and infection control
measures have been described elsewhere.67

WATER BATHS

Several outbreaks of serious nosocomial infec-
tions (eg, endocarditis, bacteremia, peritonitis) with
Pseudomonas or Acinetobacter have been traced to
contaminated 37ºC water baths that were used to
thaw fresh plasma70 or cyroprecipitate,71 or used to
warm bottles of peritoneal dialysate before use.72,73
In each outbreak, the water bath was contaminated
heavily with the disease-causing organism, and con-
tamination of the infusate occurred when the fluid
was being prepared for administration.

In view of these outbreaks, it would be prudent
to develop policies for the routine cleaning, disinfec-
tion, and changing of water in water baths used to
thaw or warm blood products. After cleaning, the
bath should be filled with water to which a germicide
has been added. In general, we do not advocate rou-
tine microbiological sampling of the hospital envi-
ronment, but we do sample quarterly the water baths
used for thawing fresh-frozen plasma or for warming
whole blood. Alternatively, the surfaces of these
blood products can be kept dry if they are enclosed
in an impermeable plastic overwrap. Equally effec-
tive but more time-consuming methods to prevent
transmission by contaminated water baths have
been proposed.70,72

The problem of contaminated water baths and
dialysis bottles simply may be eliminated by using
warm-air cabinets or a microwave to preheat the dial-
ysis solution before use. 
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ICE BATHS FOR THERMODILUTION
CARDIAC OUTPUTS 

Thermodilution is the most common method of
measuring cardiac output. Until recently, the most
frequently used technique involved the injection of
cooled saline. Often, cooling was accomplished by
placing individual syringes or bottles of saline in ice
baths derived from mixing nonsterile ice with water,
which led to several outbreaks ascribed to contami-
nation of the ice-water baths.74,75 Currently, cardiac
output generally is measured by injecting room-
temperature saline.

TUB IMMERSION

Tub immersion is used in the hospital as an aid
in physical therapy, for cleaning burn wounds and
bathing babies, and, until recently, was required for
kidney lithotripsy. Skin infections related to water
immersion have been recognized for many years.76
The majority of these infections have been P aerugi-
nosa folliculitis and have been associated with con-
taminated whirlpools or hot tubs.77 The clinical
course of these infections usually is mild, and they
characteristically resolve without specific therapy. 

Tub immersion of hospitalized patients could
lead to infection via cross-transmission, transmission
from an environmental reservoir, or autotransmission
(eg, infection of the wound by fecal flora). Frequently,
immersion of hospitalized patients will contaminate
the tub environment, including the tub water, drains,
agitators, floors, and walls.78-81 Inadequate disinfec-
tion of immersion tanks has led to an outbreak of P
aeruginosa infections caused by cross-transmission.82
Citrobacter freundii cellulitis also has been reported
after hot-tub immersion.83 Contamination of a baby
bath was linked to an outbreak of Clostridium difficile
colonization among neonates.84 Prevention of nosoco-
mial transmission of nosocomial infections requires
adherence to strict disinfection protocols.85,86 In addi-
tion, the epidural catheter used for anesthesia in
patients undergoing lithotripsy should be covered with
a transparent occlusive dressing.87

HOSPITAL TOILETS

The microbiology of hospital toilets has been
investigated carefully by Newsom, who obtained cul-
tures of the air, water, and surfaces of hospital toilets
and the bacteria in the air or splashes after toilet
flushing.88 The frequency and level of contamination
of the air, water, and surface of hospital toilets by
fecal bacteria was surprisingly low at 27% (<10 colony-
forming units [CFU]/mL), 39% (<2,500 CFU/mL),
and 6% (<4 CFU/mL), respectively. The likelihood of
generating a bacterial aerosol was studied in artificial
flushing experiments; at least 1010 bacteria/100 mL

of toilet water were required to produce an aerosol.
The bacterial counts in toilet water were reduced 100-
fold by a single flush.

The ability of enteric bacteria to survive desic-
cation also was observed. Drops of feces allowed to
dry on a toilet seat were nearly free of Escherichia coli
in 2 hours. Shigella and Salmonella in feces died out
in 4 and 12 days, respectively.

In consideration of these data and the numbers
of bacteria (at least 102 Shigella to 107 Salmonella
typhi) that must be ingested to cause human disease
in normal hosts, it seems that the hospital toilet is an
unlikely source of infection. This may not be true if
the surfaces are coated heavily with feces, as could
happen in hospitals for mentally impaired patients,
pediatric wards, daycare centers for children, or with
neurologically impaired adults. Cross-transmission of
C difficile colitis was reported after two adult patients
shared a commode chair.89 A pseudo-epidemic of
multidrug-resistant P aeruginosa among hematologic
patients occurred after a healthcare worker obtained
stool samples from the toilet following defecation.90
The flushing water and toilet brush were found to be
contaminated with the suspected epidemic pathogen.

The care of the hospital toilet should be restrict-
ed to maintaining the surfaces clean with a disinfec-
tion solution and cleaning the bowl with a scouring
powder in conjunction with a brush. There is no rea-
son to pour disinfectants into the bowl. As always,
good handwashing practices would remove any tran-
sient microbial flora from the hands and eliminate
any risk of cross-infection.

FLOWERS

Concern has been expressed that cut flowers
may represent a reservoir of pathogenic bacteria, even
though no actual outbreaks of nosocomial infections
have been linked to cut flowers as a source.91 Cultures
of tap water made 72 hours after the water was placed
in vases yielded approximately 107 to 1010 bac-
teria/mL.91-93 Bacteria isolated from vases located on
hospital floors have included Acinetobacter species,
Klebsiella species, Enterobacter species, P aeruginosa,
B cepacia, Pseudomonas fluorescens, Pseudomonas puti-
da, A  hydrophilia, S marcescens, and
Flavobacterium.93-96 Studies have failed, however, to
link pathogens isolated from flower vases or potted
plants with pathogens isolated from nearby
patients.94,97

The addition of the following antibacterial
agents to the vase water has been shown to lead to a
significant reduction of bacteria without injuring the
flowers: 10 mL of 1% hypochlorite,91 0.01% to 0.02%
chlorhexidine,98,99 and 30-60 mL of 3% hydrogen
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peroxide.92,94 In spite of these data, it seems pru-
dent to prohibit fresh flowers in the rooms of
immunocompromised and intensive-care–unit
patients. One publication recommended that the fol-
lowing procedures should be followed for handling
flowers95: (1) handling of flowers should be desig-
nated to support staff with no patient contact or,
when this is not feasible, gloves should be worn for
flower handling; (2) handwashing should follow any
contact with plant material; (3) vase water should be
changed at least every 2 days; (4) vase water should
be disposed of into clinical sinks, not handwashing
sinks; and (5) vases should be disinfected after use.
In addition, an antibacterial agent could be added to
the vase water.

OTHER WATER SOURCES

Improperly maintained devices for producing
distilled water or containers used for storing distilled
water have led to outbreaks with E cloacae100 and B
cepacia.101 An outbreak of Salmonella urbana infec-
tion in a neonatal nursery was linked to use of a con-
taminated wash basin.102 An outbreak of B cepacia
bacteremia was associated with a contaminated water
reservoir of the intraaortic balloon pump.103

Recently, Fridkin and colleagues linked four
cases of postoperative endophthalmitis with
Acremonium kiliense to contaminated ventilation-
system humidifier water.104 Blue and coworkers
linked an outbreak of gastrointestinal illness with
neurologic sequelae to drinking from an institutional
water cooler.105

Rees and Allen have described a case of
hospital-acquired infection due to Acinetobacter bau-
manii in a burn patient after exposure to contaminat-
ed holy water.106

CONCLUSION

These reports demonstrate the continued
importance of water as a reservoir of nosocomial
pathogens. Our infection control practices should be
directed to interrupt the transmission of these
pathogens to the patient.

REFERENCES

1. Graman PS, Quinlan GA, Rank JA. Nosocomial legionellosis
traced to a contaminated ice machine. Infect Control Hosp
Epidemiol 1997;18:637-640.

2. Black HJ, Holt EJ, Kitson K, Maloney MH, Phillipps D.
Contaminated hospital water supplies. Br Med J 1979;1:1564-
1565.

3. Millership SE, Chattopadhyay B. Aeromonas hydrophila in
chlorinated water supplies. J Hosp Infect 1985;6:75-80.

4. Crane LR, Tagle LC, Palutke WA. Outbreak of Pseudomonas
paucimobilis in an intensive care facility. JAMA 1981;246:985-
987.

5. Lowry PW, Jarvis WR, Oberle AD, et al. Mycobacterium che-
lonae causing otitis media in an ear-nose-and-throat practice. N
Engl J Med 1988;319:978-982.

6. Soto LE, Bobadilla M, Villalobos Y, et al. Postsurgical nasal
cellulitis outbreak due to Mycobacterium chelonae. J Hosp
Infect 1991;19:99-106.

7. Desplaces N, Picardeau M, Dinh V, et al. Spinal infections due
to Mycobacterium xenopi after discectomies. In: Program and
Abstracts of the 35th Interscience Conference on
Antimicrobial Agents and Chemotherapy; San Francisco, CA;
September 17-20, 1995. Abstract J162.

8. Doherty DE, Falko JM, Lefkovitz N, Rogers J, Fromkes J.
Pseudomonas aeruginosa sepsis following retrograde cholan-
giopancreatography (ERCP). Dig Dis Sci 1982;27:169-170.

9. Kolmos HJ, Thuesen B, Nielsen SV, Lohmann M,
Kristoffersen K, Rosdahl VT. Outbreak of infection in a burns
unit due to Pseudomonas aeruginosa originating from contam-
inated tubing used for irrigation of patients. J Hosp Infect
1993;24:11-21.

10. Costrini AM, Mahler DA, Gross WM, Hawkins JE, Yesner R,
D’Esopo ND. Clinical and roentgenographic features of noso-
comial pulmonary disease due to Mycobacterium xenopi. Am
Rev Respir Dis 1981;123:104-109.

11. Bolan G, Reingold AL, Carson LA, et al. Infections with
Mycobacterium chelonei in patients receiving dialysis and
using processed hemodialyzers. J Infect Dis 1985;152:1013-
1019.

12. 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.

13. von Reyn CF, Maslow JN, Barber TW, Falkinham JO III, Arbeit
RD. Persistent colonisation of potable water as a source of
Mycobacterium avium infection in AIDS. Lancet 1994;343:1137-
1141.

14. Levin ASS, Filho HHC, Sinto SI, et al. An outbreak of nosoco-
mial legionnaires’ disease in a renal transplant unit in Sao
Paulo, Brazil. J Hosp Infect 1991;18:243-248.

15. Mermel LA, Josephson SL, Giorgio CH, Dempsey J, Parenteau
S. Association of legionnaires’ disease with construction: con-
tamination of potable water? Infect Control Hosp Epidemiol
1995;16:76-91.

16. Marrie TJ, Johnson W, Tyler S, et al. Potable water and noso-
comial legionnaires’ disease—check the water from all rooms
in which patient has stayed. Epidemiol Infect 1995;114:267-276.

17. Mastro TD, Fields BS, Breiman RF, Campbell J, Plikaytis BD,
Spika JS. Nosocomial legionnaires’ disease and use of medica-
tion nebulizers. J Infect Dis 1991;163:667-671.

18. Shands KN, Ho JL, Meyer RD, et al. Potable water as a source
of legionnaires’ disease. JAMA 1985;253:1412-1416.

19. Luck PC, Helbig JH, Hagedorn HJ, Ehret W. DNA fingerprint-
ing by pulsed-field gel electrophoresis to investigate a nosoco-
mial pneumonia caused by Legionella bozemanii serogroup 1.
Appl Environ Microbiol 1995;61:2759-2761.

20. Hanrahan JP, Morse DL, Scharf VB, et al. A community hospi-
tal outbreak of Legionellosis: transmission by potable hot
water. Am J Epidemiol 1987;125:639-649.

21. Ruf B, Schurmann D, Horbach I, Seidel K, Pohle HD.
Nosocomial Legionella pneumonia: demonstration of potable
water as the source of infection. Epidemiol Infect 1988;101:647-
654.

22. Lepine L, Jernigan D, Wyatt B, et al. Use of urinary antigen
testing to detect an outbreak of nosocomial legionnaires’ dis-
ease. In: Program and Abstracts of the 35th Interscience
Conference on Antimicrobial Agents and Chemotherapy; San
Francisco, CA; September 17-20, 1995. Abstract J58.

23. Alary M, Joly JR. Factors contributing to the contamination of
hospital water distribution systems by legionellae. J Hosp
Infect 1992;165:565-569.

24. Hart CA, Makin T. Legionella in hospitals: a review. J Hosp
Infect 1991;18(suppl A):481-489.

25. Muraca PW, Yu VL, Goetz A. Disinfection of water distribution
systems for Legionella: a review of application procedures and

https://doi.org/10.1086/502237 Published online by Cambridge University Press

https://doi.org/10.1086/502237


Vol. 18  No. 9 EDITORIAL 615

methodologies. Infect Control Hosp Epidemiol 1990;11:79-88.
26. Ayliffe GAJ, Babb JR, Collins BJ, Lowbury EJL, Newsom

SWB. Pseudomonas aeruginosa in hospital sinks. Lancet
1974;2:578-581.

27. Brown DG, Baublis J. Reservoirs of Pseudomonas in an inten-
sive care unit for newborn infants: mechanisms of control. J
Pediatr 1977;90:453-457.

28. Chadwick P. The epidemiological significance of Pseudomonas
aeruginosa in hospital sinks. Can J Public Health 1976;67:323-
328.

29. Simor AE, Ramage L, Wilcox L, Bull SB, Bialkowska-
Hobrzanska H. Molecular and epidemiologic study of multire-
sistant Serratia marcescens infections in a spinal cord injury
rehabilitation unit. Infect Control Hosp Epidemiol 1988;9:20-27.

30. Perryman FA, Flournoy DJ. Prevalence of gentamicin- and
amikacin-resistant bacteria in sink drains. J Clin Microbiol
1980;12:79-83.

31. Flournoy DJ, Muchmore HG, Francis EB. Nosocomial infec-
tion linked to handwashing. Hospitals 1979;53:105-107.

32. Dandalides PC, Rutala WA, Sarubbi FA Jr. Postoperative infec-
tions following cardiac surgery: association with an environ-
mental reservoir in a cardiothoracic intensive care unit. Infect
Control 1984;5:378-384.

33. Holder IA. Epidemiology of Pseudomonas aeruginosa in a
burns hospital. In: Young VM, ed. Pseudomonas aeruginosa:
Ecological Aspects and Patient Colonization. New York, NY:
Raven Press; 1977:77-95.

34. Kohn J. A study of Pseudomonas pyocyanea cross infection in a
burns unit. In: Wallace AB, Wilkinson AW, eds. Research in
Burns. Edinburgh, Scotland: E & S Livingstone; 1966:486-500.

35. Levin MH, Olson B, Nathan C, Kabins SA, Weinstein RA.
Pseudomonas in the sinks in an intensive care unit: relation to
patients. J Clin Pathol 1984;37:424-427.

36. Whitby JL, Rampling A. Pseudomonas aeruginosa contamination
in domestic and hospital environments. Lancet 1972;1:15-17.

37. Martin K, Crisp C, Jorgensen JH, Patterson JE. Outbreak of
Flavobacterium meningosepticum in a surgical intensive unit
(SICU). In: Program and Abstracts of the Fifth Annual
Meeting of the Society for Healthcare Epidemiology of
America; San Diego, CA; April 2-4, 1995. Abstract M52.

38. Kerr JR, Moore JR, Curran MD, et al. Investigation of a noso-
comial outbreak of Pseudomonas aeruginosa pneumonia in an
intensive care unit by random amplification of polymorphic
DNA assay. J Hosp Infect 1995;30:125-131.

39. Doring G, Ulrich M, Muller W, et al. Generation of
Pseudomonas aeruginosa aerosols during handwashing from
contaminated sink drains, transmission to hands of hospital
personnel, and its prevention by use of a new heating device.
Zentralbl Hyg und Umweltmed 1991;191:494-505.

40. Doring G, Horz M, Ortelt J, Grupp H, Wolz C. Molecular epi-
demiology of Pseudomonas aeruginosa in an intensive care
unit. Epidemiol Infect 1993;110:427-436. 

41. Cross DF, Benchimol A, Dimond EG. The faucet aerator—a
source of Pseudomonas infection. N Engl J Med 1966;274:1430-
1431.

42. Fierer J, Taylor PM, Gezon HM. Pseudomonas aeruginosa epi-
demic traced to delivery-room resuscitators. N Engl J Med
1967;276:990-996.

43. Kresky B. Control of gram-negative bacilli in a hospital nurs-
ery. Am J Dis Child 1964;107:363-369.

44. Wilson MG, Nelson RC, Phillips LH, Boak RA. New source of
Pseudomonas aeruginosa in a nursery. JAMA 1961;175:1146-
1148.

45. Claesson BEB, Claesson UL-E. An outbreak of endometritis in
a maternity unit caused by spread of group A streptococci
from a showerhead. J Hosp Infect 1985;6:304-311.

46. Cordes LG, Wiesenthal AM, Gorman GW, et al. Isolation of
Legionella pneumophila from hospital shower heads. Ann
Intern Med 1981;94:195-197.

47. Hutchings RH, Wheeler AW. An epidemic of typhoid fever due
to impure ice. Am J Med Sci 1903;126:680-684.

48. Newson SWB. Hospital infection from contaminated ice.
Lancet 1968;2:620-622.

49. Ravn P, Lundgren JD, Kjaeldgaard P, et al. Nosocomial out-
break of cryptosporidiosis in AIDS patients. Br Med J
1991;302:277-280.

50. Stamm WE, Colella JJ, Anderson RL, Dixon RE. Indwelling
arterial catheters as a source of nosocomial bacteremia: an
outbreak caused by Flavobacterium species. N Engl J Med
1975;292:1099-1102.

51. Laussucq S, Baltch AL, Smith RP, et al. Nosocomial
Mycobacterium fortuitum colonization from a contaminated ice
machine. Am Rev Respir Dis 1988;138:891-894.

52. Hoy J, Rolston K, Hopfer RL. Pseudoepidemic of Mycobac-
terium fortuitum in bone marrow cultures. Am J Infect Control
1987;15:268-271.

53. Panwalker AP, Fuhse E. Nosocomial Mycobacterium gordonae
pseudoinfection from contaminated ice machines. Infect
Control 1986;7:67-70.

54. Burnett IA, Weeks GR, Harris DM. A hospital study of ice-
making machines: their bacteriology, design, usage and
upkeep. J Hosp Infect 1994;28:305-313.

55. Stout JE, Yu VL, Muraca P. Isolation of Legionella pneumophi-
la from the cold water of hospital ice machines: implications
for origin and transmission of the organism. Infect Control
1985;6:141-146.

56. Bangsborg JM, Uldum S, Jensen JS, Bruun BG. Nosocomial
legionellosis in three heart-lung transplant patients: case
reports and environmental observations. Eur J Clin Microbiol
Infect Dis 1995;14:99-104.

57. Gahrn-Hansen B, Uldum SA, Schmidt J, Nielsen B, Birkeland
SA, Jorgensen KA. Nosocomial Legionella pneumophila infection
in a nephrology department. Ugeskr Laeger 1995;157:590-594. 

58. Centers for Disease Control. Sanitary care and maintenance of
ice chests and ice machines. Atlanta, GA: CDC; 1979. No. 00-
2384.

59. Paszko-Kolva C, Yamamoto H, Shahamat M, Sawyer TK,
Morris G, Colwell RR. Isolation of amoebae and Pseudomonas
and Legionella spp from eyewash stations. Appl Environ
Microbiol 1991;57:163-367.

60. Barbeau J, Tanguay R, Faucher E, et al. Multiparametric analy-
sis of waterline contamination in dental units. Appl Environ
Microbiol 1996;62:3954-3959.

61. Atlas RM, Williams JF, Huntington MK. Legionella contamina-
tion of dental-unit waters. Appl Environ Microbiol
1995;61:1208-1213.

62. Schulze-Robbecke R, Feldmann C, Fischeder R, Janning B,
Exner M, Wahl G. Dental units: an environmental study of
sources of potentially pathogenic mycobacteria. Tuber Lung
Dis 1995;76:318-323.

63. Martin MV. The significance of the bacterial contamination of
dental unit water systems. Br Dent J 1987;163:152-153.

64. Williams JF, Johnston AM, Johnson B, Huntington MK,
Mackenzie CD. Microbial contamination of dental unit water-
lines. JADA 1993;124:59-65.

65. Fayle SA, Pollard MA. Decontamination of dental unit water
systems: a review of current recommendations. Br Dent J
1996;181:369-372.

66. Favero MS, Petersen NJ, Boyer KM, Carson LA, Bond WW.
Microbial contamination of renal dialysis systems and associ-
ated health risks. Transactions of the American Society for
Artificial Internal Organs 1974;20:175-183.

67. Favero MS, Petersen NJ, Carson LA, Bond WW, Hindman SH.
Gram-negative water bacteria in hemodialysis systems. Health
Lab Sci 1975;12:321-334.

68. Favero MS, Petersen NJ. Microbial guidelines for hemodialy-
sis systems. Dialysis and Transplantation 1977;6:34.

69. Garner JS, Favero MS. Guidelines for handwashing and hos-
pital environmental control, 1985. No. PB85-923404.
Washington, DC: US Government Printing Office; 1985-544-
436/24441.

70. Casewell MW, Slater NGP, Cooper JE. Operating theatre
water-baths as a cause of Pseudomonas septicaemia. J Hosp
Infect 1981;2:237-240.

71. Centers for Disease Control. Follow-up on nosocomial
Pseudomonas cepacia infection. MMWR 1979;34:409.

https://doi.org/10.1086/502237 Published online by Cambridge University Press

https://doi.org/10.1086/502237


616 INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY September 1997

72. Abrutyn E, Goodhart GL, Roos K, Anderson R, Buxton A.
Acinetobacter calcoaceticus outbreak associated with peri-
toneal dialysis. Am J Epidemiol 1978;107:328-335.

73. Mader JT, Reinarz JA. Peritonitis during peritoneal dialysis—
the role of the preheating water bath. Journal of Chronic
Diseases 1978;31:635-641.

74. Pien FD, Bruce AE. Nosocomial Ewingella americana bac-
teremia in an intensive care unit. Arch Intern Med
1986;146:111-112.

75. Stiles GM, Singh L, Imazaki G, Stiles QR. Thermodilution car-
diac output studies as a cause of prosthetic valve bacterial
endocarditis. J Thorac Cardiovasc Surg 1984;88:1035-1037.

76. Kosatsky T, Kleeman J. Superficial and systemic illness relat-
ed to a hot tub. Am J Med 1985;79:10-12.

77. Gustafson TL, Band JD, Hutcheson RH Jr, Schaffner W.
Pseudomonas folliculitis: an outbreak and review. Rev Infect Dis
1983;5:1-8.

78. Koepke GH, Christopher RP. Contamination of whirlpool
baths during treatment of infected wounds. Arch Phys Med
Rehabil 1965;46:261-263.

79. Miller JK, LaForest NT, Hedberg M, Chapman V. Surveillance
and control of Hubbard tank bacterial contaminants. Phys Ther
1970;50:1482-1486.

80. Nelson RM, Reed JR, Kenton DM. Microbiological evaluation
of decontamination procedures for hydrotherapy tanks. Phys
Ther 1972;52:919-923.

81. Page CF. The whirlpool bath and cross-infections. Arch Phys
Med Rehabil 1954;35:97-98.

82. McGuckin MB, Thorpe RJ, Abrutyn E. Hydrotherapy: an out-
break of Pseudomonas aeruginosa wound infections related to
Hubbard tank treatments. Arch Phys Med Rehabil 1981;62:283-
285.

83. Hicks CB, Chulay JD. Bacteremic Citrobacter freundii celluli-
tis associated with tub immersion in a patient with the
nephrotic syndrome. Mil Med 1988;153:400-401.

84. Larson HE, Barclay FE, Honour P, Hill ID. Epidemiology of
Clostridium difficile in infants. J Infect Dis 1982;146:727-733.

85. Turner AG, Higgins MM, Craddock JG. Disinfection of
immersion tanks (Hubbard) in a hospital burn unit. Arch
Environ Health 1974;28:101-104.

86. Zigenfus RW. Povidone-iodine as a bactericide in hydrothera-
py equipment. Phys Ther 1969;49:582-585.

87. Cooper GL, Roberts JT, O’Brien A, et al. Microbial examina-
tion of kidney lithotripter tub water and epidural anesthesia
catheters. Infect Control 1986;7:216-219.

88. Newsom SWB. Microbiology of hospital toilets. Lancet
1972;2:700-703.

89. Savage AM, Alford RH. Nosocomial spread of Clostridium dif-
ficile. Infect Control 1983;4:31-33.

90. Voss A, Verweij PE, Bijl D, Melchers WJG, Meis JFGM, De
Pauw BE. Pseudo-epidemic of multi-resistant Pseudomonas

aeruginosa among hematologic patients. In: Program and
Abstracts of the Fifth Annual Meeting of the Society for
Healthcare Epidemiology of America; San Diego, CA; April 2-
4, 1995. Abstract M42.

91. Hughes WH. Protecting chrysanthemums from hospital infec-
tion. Lancet 1974;1:267-268.

92. Rosenzweig AL. Contaminated flower vases. Lancet
1973;2:598.

93. Taplin D, Mertz PM. Flower vases in hospitals as reservoirs of
pathogens. Lancet 1973;2:1279-1281.

94. Bartzokas CA, Holley MP, Sharp CA. Bacteria in flower vase
water: incidence and significance in general ward practice. Br
J Surg 1975;62:295-297.

95. Kates SG, McGinley KJ, Larson EL, Leyden JJ. Indigenous
multiresistant bacteria from flowers in hospital and nonhospi-
tal environments. Am J Infect Control 1991;19:156-161.

96. Watson AG, Koons CE. Pseudomonas on the chrysanthe-
mums. Lancet 1973;3:91.

97. Siegman-Igra Y, Shalem A, Berger SA, Livio S, Michaeli D.
Should potted plants be removed from hospital wards? J Hosp
Infect 1986;7:82-85.

98. Smellie H. The use of antiseptics for delaying decomposition
of cut flowers in a hospital ward. Lancet 1963;2:777-778.

99. Johansen KS, Laursen H, Wilhjelm BJ. Flower vases as reser-
voirs of pathogens. Lancet 1974;1:359.

100.Wang CC, Chu ML, Ho LJ, Hwang RC. Analysis of plasmid pat-
terns in paediatric intensive care unit outbreaks of nosocomi-
al infection due to Enterobacter cloacae. J Hosp Infect
1991;19:33-40.

101.Rapkin RH. Pseudomonas cepacia in an intensive care nursery.
Pediatrics 1976;57:239-243.

102.Sirinavin S, Hotrakitya S, Suprasongsin C, Wannaying B,
Pakeecheep S, Vorachit M. An outbreak of Salmonella urbana
infection in neonatal nurseries. J Hosp Infect 1991;18:231-238.

103.Rutala WA, Weber DJ, Thomann CA, John JF, Saviteer SM,
Sarubbi FA. An outbreak of Pseudomonas cepacia bacteremia
associated with a contaminated intra-aortic balloon pump. J
Thorac Cardiovasc Surg 1998;96:157-161.

104.Fridkin SK, Padhye A, Kremer F, Bland L, Jarvis W.
Acremonium kiliense endophthalmitis following cataract
surgery. In: Program and Abstracts of the 35th Interscience
Conference on Antimicrobial Agents and Chemotherapy; San
Francisco, CA; September 17-20, 1995. Abstract J163.

105.Blue SR, Pavia AT, Woods ML. Outbreak of a gastrointestinal
illness with neurologic sequelae associated with the use of a
water cooler. In: Program and Abstracts of the Fifth Annual
Meeting of the Society for Healthcare Epidemiology of
America; San Diego, CA; April 2-4, 1995. Abstract 7.

106.Rees JC, Allen KD. Holy water—a risk factor of hospital-
acquired infection. J Hosp Infect 1996;32:51-55.

November 6-7, 1997. The
Eastern Pennsylvania Branch of the
American Society for Microbiology will
present its annual symposium at the
Adam’s Mark Hotel in Philadelphia,
Pennsylvania. The topic is “Chronic
Infectious Diseases: Mechanisms,
Diagnosis, and Treatment.” Some of
the topics to be considered include, but

are not limited to, mechanisms of
autoimmunity, mechanisms of intra-
cellular parasitism, mechanisms of
viral latency, osteomyelitis, endocardi-
tis, cystic fibrosis, Helicobacter pylori,
Creutzfeldt-Jakob disease, Chlamydia
with possible links to atherogenesis,
Lyme disease, Kaposi’s sarcoma, and
novel therapeutic and diagnostic

approaches to chronic infectious dis-
ease. Submission of posters is encour-
aged.

For more information, contact
Sharon Venezia, SmithKline Beecham,
1250 S Collegeville Rd, Collegeville, PA
19426-0989; telephone, 610-917-6279;
fax, 610-917-4617.
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