
INTRODUCTION

• One LiquiTech copper-silver ionization system was installed onto the hot-water recirculation lines of two 
hospital buildings colonized with Legionella bacteria, while a third building with the same water supply, also 
colonized with Legionella, was left untreated as the control group.  

• Water was tested at distal sites across the building prior to the start of the study as well as at 1 week and 
monthly for 24 weeks after the startup of the copper-silver ionization system for Legionella.

• After 8 weeks, the copper silver ionization from the first building was relocated to the second building and 
started up.

• Copper and silver levels in the water were monitored and kept well under EPA limits.
• Copper and silver levels in the biofilm were tested and recorded.

METHOD

The purpose of this study was to assess the residual effect of copper-silver ionization in maintaining a Legionella-
free environment, determine whether two buildings could be sequentially disinfected with one copper-silver 
ionization unit, and determine the role of biofilm in residual protection against Legionella.

PURPOSE

• In the first test building, the Legionella positivity was reduced from 50% before startup to zero after 4 weeks, 
and no Legionella was detected 6 weeks after the ionization system was inactivated. 

• In the second building, 12 weeks after the activation of the copper silver ionization system, the percentage of 
distal sites with Legionella positivity went down to zero. The building remained Legionella-free for 8-12 weeks 
after the disconnection of the copper-silver ionization system. 

• The control building remained Legionella positive throughout the duration of the study. 
• The researchers found elevated levels of copper ions in the biofilm and suspect that to be the reason for the 

extended period of residual protection.

RESULTS

• The researchers were able to successfully use one LiquiTech copper-silver ionization system to rid two 
buildings of Legionella bacteria sequentially

• The patients in all three buildings used for the study were low risk patients and monitored to prevent harm.
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One copper-silver ionization system was sequentially installed onto the hot-water recirculation
lines of two hospital buildings colonized with Legionella pneumophila, serogroup 1. A third building
with the same water supply and also colonized with Legionella served as a control. Four weeks after
activation of the system, distal site positivity for Legionella in the first test building dropped to zero.
After operating for 16 weeks, the system was disconnected and installed onto the second test
building. Twelve weeks of disinfection reduced the distal site positivity for Legionella in the second
test building to zero. Legionella recolonization did not occur in the first test building for 6–12 weeks
and in the second test building for 8–12 weeks after inactivation of the system. The control building
remained Legionella-positive throughout the experimental period. A significantly higher copper
concentration was found in the biofilm taken from a sampling device than in that from water. This
is likely to be the reason that the copper-silver ionization system had the residual effect of preventing
early recolonization. Our study raises the possibility that one copper-silver unit could be rotated
among several buildings to maintain a Legionella-free environment. Such an approach may be cost-
effective for buildings housing individuals at low risk for contracting legionnaires’ disease.

Disinfection of water distribution systems in hospitals where copper-silver ionization for maintaining a Legionella-free envi-
ronment in a hospital water system, (2) determine whether twocases of legionnaires’ disease occur has become commonplace

with the knowledge that the water distribution is the source of buildings could be sequentially disinfected with one copper-
silver ionization unit, and (3) determine whether accumulationthe pathogen. However, many hospitals and nursing homes do

not have severely ill patients who would be at high risk for of copper-silver ions in the biofilm was the basis for the residual
protective effect.acquiring legionnaires’ disease. Furthermore, sporadic cases

have occurred in apartment buildings, workplaces, and dormi-
tories in which potable water was documented to be the source.
Many such institutions have faced a dilemma, since implemen- Materials and Methods
tation of disinfection can be logistically tedious and expensive

The study was undertaken in a 541-bed psychiatric hospital.and intense continuous disinfection in these buildings may not
Two buildings were chosen as test buildings and a third build-be needed in these low-risk situations. On the other hand, some
ing as the control. All three buildings have the same watermeasures would seem indicated to prevent further cases, how-
supply, and each building has two instantaneous heating unitsever rare, and to address medicolegal issues of culpability.
to supply hot water. Two copper-silver ionization flow cellsCopper-silver ionization has been proved to be effective in
(model CPVC SCH 8; Liqui-Tech, Willowbrook, IL) wereeradication of Legionella from hospital water systems [1–4]. In
mounted in parallel on top of a cart and connected with high-fact, after the copper-silver ionization system was deliberately
pressure hoses (diameter, 29; thickness, 1/49) onto the hot-waterinactivated in one hospital as part of a controlled evaluation,
recirculation line before the connection point of the instanta-recolonization by Legionella did not occur for 12 weeks [3].
neous heaters of the test building. The copper-silver ionizationThus, we applied intermittent copper-silver disinfection to two
flow cell was furnished with a controller, which maintained abuildings colonized with Legionella pneumophila, serogroup 1,
constant voltage and amperage (maximum power output:using one copper-silver ionization unit. These buildings housed
5.0 A, 50 V).ambulatory psychiatric patients without severe underlying dis-

Twenty distal sites in each building were cultured for Legio-ease. Our objectives were to (1) assess the residual effect of
nella [5] before start-up and monthly after the system was
installed. Baseline cultures showed that 50%, 70%, and 20%
of distal sites were positive for L. pneumophila serogroup 1 at
the first test building, the second test building, and the controlReceived 11 December 1996; revised 9 September 1997.

Reprints or correspondence: Dr. Victor Yu, VA Medical Center, Infectious building, respectively.
Disease Section, University Drive C, Pittsburgh, Pennsylvania 15240. A modified Robbins device containing 48 sampling plugs
Clinical Infectious Diseases 1998;26:138–40 was installed on the hot-water recirculation line in the second
q 1998 by The University of Chicago. All rights reserved.
1058–4838/98/2601–0020$03.00 test building. One sampling plug from the Robbins device and
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positive (range, 20%–100%; mean, 83%) throughout the study
period.

In the second test building, 4 weeks after activation of the
ionization system (week 8 on figure 2), the copper/silver con-
centration from the sampling port before the point where the
copper-silver ionization system was connected was 0.11/0.025
ppm, which was minimally changed from the before-start-up
level of 0.11/0.001 ppm. Eight weeks after activation of the
ionization system (week 12 on figure 2), the copper/silver con-
centration from the sampling port before the copper-silver ion-
ization system was 0.20/0.017 ppm. There was a reduction in
average number of cfu/swab at Legionella-positive sites
(prestart: 2,000; 1 month: 1,360, 2 months: 340).

Twelve weeks after the activation of the copper-silver ioniza-
tion system, the copper/silver concentration had risen to 0.43/
0.75 ppm. The distal-site Legionella positivity became zero at
12 weeks after activation. The building remained Legionella-
free until 8–12 weeks after disconnection of the copper-silver
ionization system, when distal-site Legionella positivity re-
turned to 55% (figure 2). An extended period of time was

Figure 1. A, percentage of distal sites positive for Legionella in
the first test building (l) vs. a control building (m); B, copper concen-
tration (j) in the first test building. The first test building remained
Legionella-free for 6–12 weeks after treatment with the copper-silver
system was stopped, suggesting a residual protective effect.

a 50-mL water sample were taken to determine copper/silver
concentration in both planktonic (bulk water) and sessile (sur-
face-adherent) samples. Samples were taken before start-up as
well as 1 week and monthly after activation of the copper-
silver ionization system in the second test building. Copper and
silver ion concentrations were determined by atomic absorption
spectroscopy [5].

Results

In the first test building, the Legionella positivity was re-
duced from 50% (before start-up) to zero after 4 weeks. No
Legionella was detected 6 weeks after the ionization system
was inactivated; however, after 12 weeks, distal-site positivity

Figure 2. Eradication of Legionella by copper-silver ionizationreturned to 50% (figure 1). The mean copper/silver concentra-
after the system was relocated to a second test building. A, percentagetion during the period of copper-silver ionization was 0.36/
of distal sites positive for Legionella in the test building (l) vs. a

0.034 ppm, while the mean copper/silver concentration for the control building (m); B, copper concentration (j) in the second test
20 weeks after the copper-silver system was inactivated was building. The second test building remained Legionella-free for 8–

12 weeks after treatment with the copper-silver system was stopped.0.059/0.003 ppm. The control building remained Legionella-
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needed to disinfect the second test building because of initial Although in vitro experiments have shown copper and silver
ions to act synergistically in killing Legionella at concentra-lower copper-silver ion levels in this building. The average

copper/silver concentration during the period of copper-silver tions of 0.04 ppm of copper and 0.02–0.04 ppm of silver [7],
higher concentrations appear to be necessary in large waterionization system operation was 0.394/0.163 ppm, while the

average copper-silver concentration after the copper-silver sys- systems. It is important to note that there may be a range of
copper-silver ion levels that would be effective in controllingtem was disconnected was 0.183/0.0137 ppm.

The control building remained Legionella-positive (50%– Legionella in a hot-water system and that a particular concen-
tration may not be universally effective because of variables95%) throughout the study period. Average cfu of Legionella

per swab for positive sites was 117.5 (range, 1–301 cfu). in water quality and system design.
In summary, one copper-silver ionization system was suc-Copper ion concentrations were significantly higher in bio-

film samples (mean, 0.32) than in planktonic water samples cessfully used to disinfect two hospital buildings sequentially.
Given the susceptibility of high-risk patients to acquiring le-(mean, 0.057) (P õ .001, paired t-test). There was no signifi-

cant difference in silver concentrations between the biofilm gionnaires’ disease in buildings with contaminated water distri-
bution systems, we do not recommend this approach for mostsamples and planktonic water samples (mean, 0.082 vs. 0.060).
hospitals. On the other hand, this may prove to be a cost-
effective option in disinfecting buildings housing individuals

Discussion at low risk for contracting legionnaires’ disease, e.g., apartment
buildings, office buildings, hotels, and dormitories.A copper-silver ionization system was sequentially installed

on the hot-water recirculation lines of two test buildings, with
demonstrated efficacy (figures 1 and 2). A residual protective Acknowledgment
effect was maintained in the first building during the time the
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