@ CHICAGO JOURNALS

Ionization Failure Not Due to Resistance [with Reply]

Author(s): Y. Eason Lin and Ute Rohr

Source: Clinical Infectious Diseases, Vol. 31, No. 5 (Nov., 2000), pp. 1315-1317
Published by: The University of Chicago Press

Stable URL: http://www.jstor.org/stable/4461437

Accessed: 14/10/2010 15:25

Y our use of the JSTOR archive indicates your acceptance of JISTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of ajournal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of thiswork. Publisher contact information may be obtained at
http://www.jstor.org/action/showPublisher ?publisherCode=ucpress.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is anot-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in atrusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

The University of Chicago Pressis collaborating with JISTOR to digitize, preserve and extend accessto
Clinical Infectious Diseases.

http://www.jstor.org


http://www.jstor.org/action/showPublisher?publisherCode=ucpress
http://www.jstor.org/stable/4461437?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/action/showPublisher?publisherCode=ucpress

CID 2000;31 (November)

References

1. Gonzilez C, Rubio M, Romero Vivas J, Gonzalez M, Picazo JJ. Bacteremic
pneumonia due to Staphylococcus aureus: a comparison of disease caused
by methicillin-resistant and methicillin-sensitive organisms. Clin Infect Dis
1999;29:1171-7.

2. Georges H, Leroy O, Alfandari S, et al. Pulmonary disposition of vancomycin
in critically ill patients. Eur J Clin Microbiol Infect Dis 1997;16:385-8.

3. Romero-Vivas J, Rubio M, Fernandez C, Picazo JJ. Mortality associated with
nosocomial bacteremia due to methicillin-resistant Staphylococcus aureus.
Clin Infect Dis 1995;21:1417-23.

4. Levine DP, Fromm BS, Reddy BR. Slow response to vancomycin or vanco-
mycin plus rifampin in methicillin-resistant Staphylococcus aureus endo-
carditis. Ann Intern Med 1991;115:674-80.

5. Small PM, Chambers HF. Vancomycin for Staphylococcus aureus endocarditis
in intravenous drug abusers. Antimicrob Agents Chemother 1990;34:
1227-31.

6. Hiramatsu K, Aritaka N, Hanaki H, et al. Dissemination in Japanese hospitals
of strains of Staphylococcus aureus heterogeneously resistant to vanco-
mycin. Lancet 1997;350:1644-5.

7. Marchese A, Balistreri G, Tonoli E, et al. Heterogeneos vancomycin resistance
in methicillin-resistant Staphylococcus aureus strains isolated in a large Ital-
ian hospital. J Clin Microbiol 2000; 38:866-9.

8. Howe RA, Wootton M, Walsh TR, et al. Expression and detection of hetero-
vancomycin resistance in Staphylococcus aureus. J Antimicrob Chemother
1999;44:675-8.

9. Hubert SK, Mohammed IM, Fridkin SK, Gaynes RP, McGowan JE, Tenover
FC. Glycopeptide-intermediate Staphylococcus aureus: evaluation of a
novel screening method and results of a survey of selected US hospitals. J
Clin Microbiol 1999;37:3590-3.

Reprints or correspondence: Dra. Carmen Gonzalez Velasco, C/ Eladio Sali-
nero, 1 Esc Dcha 3°A, 06011 Badajoz, Spain (alopezc@nexo.es).

Clinical Infectious Diseases 2000;31:1314-5
© 2000 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2000/3105-0045$03.00

Ionization Failure Not Due to Resistance

SIR—Rohr et al. [1] report their experience with copper-silver
ionization in eradicating Legionella in the hot water plumbing
systems of a German university hospital. They report that the
percentage of 1-L samples of water from distal sites that were
positive for Legionella (the detection limit was 1 cfu/L) were
as follows: before installation of the ionization unit, 100%; in
year 1 after installation, 55%; in year 2, 76%,; in year 3, 78%,;
and in year 4, 75%. From this data it appears that the copper-
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silver ionization system installed in this hospital did not effec-
tively control Legionella in the water plumbing system, even in
the first year. Although the number of cfu of Legionella detected
decreased in the first year, the percentage of samples positive
for Legionella remained as high as 55%. Cases of hospital-
acquired legionnaires disease correlate directly with percentage
of samples that are positive for Legionella [2, 3-4], but not with
the number of Legionella organisms detected at each distal site.

We suspect that the copper-silver ionization system could not
eradicate Legionella because the concentration of ions in the
water system was inadequate (table 1). The efficacy of copper-
silver ionization depends on maintaining adequate concentra-
tions of both copper and silver ions in the water system. Le-
gionella positivity was significantly reduced (from 70% to 0%)
only after the copper and silver ion concentrations reached 400
and 40 pg/L, respectively [5]. Other studies have also shown
that maintaining ion concentrations between 200-400 pug/L of
copper and 20-40 pg/L of silver was crucial [6-8].

In this hospital, the background copper ion concentration
was 200 ug/L, and the average copper ion concentration after
installation of the ionization system was also 200 ug/L (range,
131-1159 pg/L). This suggests that insufficient copper ions were
released into the plumbing system by the ionization system. In
addition, the silver ion concentration applied in the water sys-
tem (Sug/L) was far below the effective concentration of 2040
ug/L recommended previously. In vitro results from our inves-
tigations [9] differ from those of Rohr et al. and show that
copper and silver have synergistic activity against Legionella
[10]; silver ions alone were inferior to the combination of copper
and silver. In hospitals that use silver ions as the only disin-
fectant, the recommended silver concentration is 60~100 pg/L
(Gunner Lyslo, personal communication), which is much higher
than the 2-44.6 ug/L achieved in the hospital discussed by Rohr
et al.

One possible explanation for the low concentrations of cop-
per and silver ions in the water system has to do with the
distribution of the ions within it. The ionization systems were
installed on the feed line of the main hot water station and on
the hot water feed line of the peripheral building (400 m away
from the central hot water station). It appears that the ioni-
zation system operates on what is basically a “pass-through”
mode: incoming water flows through the ionization flow cell
and ions are released into the water. This system has been

Table 1.  Copper and silver ion concentrations in the water of a German hospital
in the 4 years after an ionization system was installed, as reported by Rohr at al.
{1].
Mean concentration, ug/L (range)
Year after installation
Before
Ton installation 1 2 3 4
Copper 200 200 (131-1159) 173 (99-207) 230 (102-377) 192 (155-560)
Silver 0* 6 (2.3-20.8) 5 (2-14) 5(3-23) 30 (6-44.6)

# Below detection limit.
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described in a previous article by Rohr et al. [11]. The disad-
vantage of this type of installation is that the ion concentrations
will fluctuate depending on the flow rate of incoming water. If
a large volume of water flows through the flow cell, copper and
silver ions are diluted and the concentrations will be low.

I suggest the authors collect water samples at the distal sites
10-30 s after flushing and 5 min after. Collecting water samples
after a 5-10 min flush, as described in their article, may actually
overestimate the concentrations in the water plumbing system,
because the ion concentrations recorded are not the ion con-
centrations already in the hot water system, but the concen-
tration just released from the generator: the ions generated from
the feed line will probably take less than 5-10 minutes to get
to the outlet for sample collection. Regardless of the timing of
sample collection, the ion concentrations are too low to effec-
tively kill Legionella.

Ionization systems installed in US hospitals generally place
the flow cells on the hot water recirculating lines. The advantage
of this approach is that it recirculates the hot water, so the ion
concentrations can achieve a steady level adequate to control
Legionella.

Given the German drinking water regulation that maximum
silver concentration cannot exceed 10ug/L, electrodes of 60%
silver and 40% copper will not be effective. Ionization systems
installed in the United States (manufactured by Tarnpure, Pitts-
burgh and LiquiTech USA, Willowbrook, IL) use 30% silver
and 70% copper electrodes. A solution to Germany’s 10ug/L
limit of silver may be to increase the copper concentration to
=400 pg/L while maintaining a low silver concentration of <10
ug/L.

The claim of Rohr at al. that Legionella developed resistance
to silver is unsupported by any data in their report. However,
their data do document that the failure to eradicate Legionella
is likely due to insufficient copper and silver ions in the water.
A possible solution might be to increase copper ion concen-
tration to 400 pg/L. and maintain sustained copper and silver
ions in the water system.

Y. Eason Lin
Department of Civil and Environmental Engineering,
University of Pittsburgh, Pennsylvania
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Reply

SiIR—We would like to thank Dr. E. Lin and Mr. Hayes for
their comments on our article in Clinical Infectious Diseases
[1] concerning the use of silver (Ag)/ copper (Cu) ionization for
Legionella control in a German university hospital plumbing
system.

As we stated in our article, our main purpose was to study
the control of Legionella by the use of Ag/Cu ionization that
produced silver concentrations within the limits of the German
drinking water regulations (i.e., a maximum of 10 pg/L Ag).
Long-term eradication of Legionella in the hot water plumbing
system of our hospital under these conditions, with average Cu
concentrations of 200 ug/L, was not possible. This is in contrast
to the manufacturers statement that the Ag/Cu ionization units
were initially set to produce correct levels “for effective disin-
fection”; namely, 40 ug/L Ag and 400 pg/L Cu. The ionizations
units never produced levels of 40 ug/L Ag and 400 pg/L Cu.

Dr. Lin suggests that technical modifications (for example,
in the composition of the Ag/Cu-electrodes that are installed
within the circulation loop) may make the ionization more ef-
fective when the limitations of the German drinking water reg-
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ulations must be considered. We totally agree with his argu-
ments. His constructive, detailed technical explanations should
be tested thoroughly by the manufacturers of Ag/Cu ionization
systems and taken into consideration in future experiments.

Dr. Lin’s main scientific point is that the data we presented
in our paper do not support the claim that Legionella developed
resistance to silver. He assumes that Ag/Cu ionization in our
hospital did not effectively control Legionella, even in the be-
ginning. To support this, he gives the percentages of water
samples from distal sites that were positive for Legionella (de-
tection limit 1 cfu/L). However, we cannot draw valid conclu-
sions from these values alone. Our statistical evaluation is based
on Legionella counts (cfu/L) and not on “sample points positive
for Legionella.” The results of the multiple regression analysis
that we presented in our paper clearly revealed a decreased
influence of Ag ions on Legionella counts during the 4-year
study period. But even without performing a statistical eval-
uation the facts are as follows: in the first year after the Ag/
Cu ionization unit was installed, the percentage of samples
positive for Legionella decreased from 100% to 55%, with an
average Ag level of <10 ug/L; in the fourth year of Ag/Cu
ionization, the percentage of samples positive remained at 75%,
with an average Ag level of 30 ug/L.

The methods and detection limits used in various reports
concerning Ag/Cu ionization are not comparable. In order to
facilitate comparison [2], we gave results as counts of Legionella
cfu/L, not as positive distal sites per swab [3, 4]. We prefer a
quantitative method in reporting effective disinfection, which
is a common procedure in examining any disinfection method
(see, e.g., [S]). Another question is whether there is any con-
nection between the quantity of Legionella (cfu/L) in water
distribution systems and the incidence of legionnaires disease.
Indeed, there are many unresolved questions regarding the ef-
fectiveness of Ag/Cu ioniziation for control of Legionella in
hospitals, including the influence of chemical water composi-
tion, temperature, and circulation on metal activity.

Vigilance is necessary not only because Legionella may de-
velop resistance to the activity of Ag and Cu, but also because
of the question of protozoa inactivation by Ag and Cu ions.
We believe that methods for disinfecting water distribution sys-
tems should be designed to control the growth of both Legi-
onella and protozoa. But the investigations of Cassels et al. [6]
showed that electrolytically-generated concentrations up to 80
ng/L Ag and 800 pg/L Cu did not inactivate Naegleria fowleri
in vitro. Recently we reported that Hartmannella vermiformis
survived at concentrations of 50 ug/L. Ag and 500 ug/L Cu in
vitro [7].

There was further discussion of the arguments about Ag/Cu
ionization at a panel discussion on “Copper/Silver Water Ion-
ization Systems: Pro and Con” at the Fifth International Con-
ference on Legionella at Ulm, Germany, 26-29 September, 2000.
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Limitations of Plasma Human Immunodeficiency
Virus RNA Testing

S1R—The studies of Mezzaroma [1] illustrate the limitations of
plasma HIV RNA testing and the need for additional stan-
dardized assays to measure viral dynamics in HIV-infected pa-
tients. In a recent study [2] we compared the CD4* and CD8*
cell counts and the levels of HIV DNA, HIV RNA, and in-
fectious HIV in patients who partially responded to highly ac-
tive antiretroviral therapy (HAART) and in patients for whom
HAART failed completely. Patients who responded to HAART
had increasing levels of CD4" cells, and patients who did not
had decreasing levels of CD4* cells. Although plasma HIV
RNA levels were similarly high in both groups, when compared
with patients who did not respond to HAART, the patients
who did respond had significant increases in CD8" cells, fewer
positive plasma HIV cultures, lower frequencies of infectious
HIV in CD4" cells, and lower frequencies of HIV DNA in
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