Hospital-acquired Legionnaires’ disease: new developments
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Purpose of review

Hospital-acquired Legionnaires’ disease is being increasingly
discovered with the advent of rapid diagnostic techniques. This
review examines both the clinical and political aspects of this
important problem.

Recent findings

New sources are being recognized, including the water supply
of pediatric hospitals, long-term care facilities, and rehabilitation
centers. Concern by the public, unfavorable publicity and
litigation are now emerging as hospital-acquired Legionnaires'
disease is coming under scrutiny by the lay media.

Summary

Pro-active approaches to environmental detection and
disinfection of hospital water systems are being demanded by
public officials in place of the passive approach favored by
many public health agencies.
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Introduction

Legionnaires’ disease made its debut in 1976 as an
explosive outbreak of community-acquired pneumonia.
Shortly thereafter, cases of hospital-acquired Legion-
naires’ disease were reported. This disease can be easily
overlooked if Legionella-specific diagnostic testing is not
performed, and if that testing is not available on-site.
With increasing recognition of this preventable disease
by the public, the problem of hospital-acquired Legion-
naires’ disease is gaining increasing prominence.

Hospital-acquired Legionnaires’ disease:

a diagnosis worth making

The prompt diagnosis of Legionnaires’ disease in the
hospital setting can save lives. Not only has early
initiation of appropriate therapy been associated with
improved outcome, but the diagnosis of a single case of
hospital-acquired Legionnaires’ disease can prompt the
recognition of endemic Legionnaires’ disease at the
facility [1-3].

The most common method for making the diagnosis of
Legionnaires’ disease no longer involves culture or
serology. Among the Legionnaires’ disease case-reports
submitted to the US Centers for Disecase Control and
Prevention in Atlanta, GA, there has been a significant
increase in the proportion of patients with a positive urine
antigen test result [4°]. The urinary antigen enzyme
immunoassay test also accounts for the majority (81%) of
laboratory notifications in Australia [5]. For patients with
severe pneumonia, the Infectious Diseases Society of
America recommends diagnostic tests for Legionella [6].
When Legionnaires’ disease is suspected, both Legionella
culture of a respiratory specimen and a urinary antigen
test should be ordered. The availability of the clinical
isolate from culture can be critical for subsequent
epidemiological investigations [7]. Another reason for
not relying exclusively on the urine antigen test is that it
may give a negative result if the infecting strain is not of
serogroup 1 or when the infecting strain is of serogroup 1
but is monoclonal antibody subgroup 2-negative (Dres-
den Panel monoclonal antibody subgroup 3/1-negative).
Of 317 culture-proven cases of Legionnaires’ disease
studied by Helbig e a/. [8°], 67 (21%) were nosocomial
cases. Only 45% of these cases were urine antigen-
positive because 22% of the cases were caused by the
monoclonal antibody subgroup-2 negative serotype.

Increased use of the rapid urinary antigen test and the
increasing empirical use of quinolones for hospital-
acquired pneumonia may explain the decline in Legion-
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naires’ disease-related mortality in the US. The case-
fatality rate for hospital-acquired Legionnaires’ disease
decreased from 46% in 1982 to 14% in 1998 [4°].

Prevention of Legionnaires’ disease in
health-care facilities

Acknowledging the relationship between colonization of
hospital water systems with Legionella pneumophila and
the occurrence of hospital-acquired Legionnaires’ dis-
ease is the first step towards prevention. Legionella spp.
have been shown to colonize 12-85% of hospital water
systems [9,10]. Prospective studies have demonstrated
cases of hospital-acquired Legionnaires’ disease in
colonized hospitals after environmental and clinical
surveillance was initiated [9]. The majority of cases of
hospital-acquired Legionnaires’ disease, like commu-
nity-acquired cases, are caused by L. pueumophila
[5,11°,12,13]. Serogroup 1 of L. pneumophila is most
often implicated in hospital-acquired outbreaks.

Risk assessment should not be based on the concentra-
tion of Legionella recovered from a given water outlet:
quantification has no relevance to occurrence of the
disease [14-16]. Increased risk is, however, associated
with the extent of the colonization with L. preumophila
(e.g. a high percentage of water outlets are positive); this
relationship was first demonstrated in 1983 [16], and later
confirmed in 1999 [14,15]. Complete elimination of
Legionella from a hospital water system is not necessary to
minimize the risk of hospital-acquired legionellosis [17].

Recognizing this fact, guidelines for Legionella preven-
tion from the Allegheny County Health Department in
Pittsburgh, PA, and the State of Maryland recommend
routine environmental monitoring of the hospital water
system as an important first step in assessing the risk for
hospital-acquired Legionnaires’ disease [18,19] (Table 1
[18-20]). If any outlets yield L. pneumophila, diagnostic
tests for Legionella are made available in-house. If more
than 30% of outlets vyield positive results for L.
pneumophila, the Allegheny County guidelines recom-
mend that the facility consider disinfection of the water
system [18]. Guidelines from the Texas Department of
Health [20] recommend environmental surveillance for
Legionella only if a risk assessment indicates that the
facility has a significant risk of legionellosis transmission.
For example, a high-risk facility could be a multi-storey
facility with multiple water distribution systems, sup-
plied with water treated with chlorine, with water stored
at 51°C (124°F) and delivered at 43°C (110°F), and
housing bone-marrow or solid-organ transplant recipients
or cancer patients undergoing chemotherapy.

An alternative approach advocated by the US Centers for
Disease Control and Prevention is to implement
intensive laboratory surveillance for the disease without

knowledge of the colonization status of the facility.
Environmental cultures are recommended only when
one to two cases of hospital-acquired Legionnaires’
disease are discovered. The major problem with this
approach is that it is not a preventive one. First, an
outbreak with numerous patients contracting the disease
(and possibly dying) may be necessary for such low-level
endemicity to be detected. This approach places
patients at undue risk, since Legionella tests, especially
culture methods, are not widely available. Second,
hospital-acquired Legionnaires’ disease does not occur
in a facility with a water system that is not extensively
colonized with L. pneumophila [9,14]; thus, scarce
laboratory resources may be wasted on such diagnostic
testing.

In 2003, the Centers for Disease Control and Prevention
Healthcare Infection Control Practices Advisory Com-
mittee will issue a revision to the ‘Guideline for
Prevention of Healthcare-Associated Pneumonia’ [21].
A number of important issues remain unresolved in this
guideline, including the role of routine culturing of water
systems for Legionella spp. in health-care facilities. As
part of a comprehensive strategy to prevent Legion-
naires’ disease in transplant units, the Centers for
Disease Control and Prevention Healthcare Infection
Control Practices Advisory Committee recommends that
facilities with solid-organ transplant programs and/or
with hematopoietic stem-cell transplant recipients per-
form periodic culturing for legionellac in the potable
water supply of the transplant unit. If Legionella spp. are
detected in the unit’s water system, corrective measures
(disinfection) should be performed until no Legionella is
cultured. No such recommendation is made for health-
care facilities treating non-transplant patients, or for
disinfection of areas serving these patients.

The obvious shortcoming of this approach is that many
cases of hospital-acquired Legionnaires’ disease occur in
non-transplant patients. In fact, not a single patient in
our original report of endemic hospital-acquired Legion-
naires’ disease was a transplant recipient, and Legion-
naires’ disease constituted 22.5% (32/142) of the cases of
hospital-acquired pneumonia [22]. In a Swedish hospital
[23], 31 persons with hospital-acquired Legionnaires’
disecase were diagnosed over a 14-month period: eight
were from surgical wards, 16 were from internal
medicine or geriatric wards, and three each were from
psychiatric and physiotherapy units.

Disinfection modalities

Methods for water-system disinfection also remain an
unresolved issue. According to the Centers for Disease
Control and Prevention Healthcare Infection Control
Practices Advisory Committee guideline, there is in-
sufficient evidence, or no consensus, regarding the
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Table 1. United States Guidelines for Prevention of Legionnaires’ Disease (health-care facilities in Pennsylvania and Maryland recommend

routine environmental culture for Legionella)

Routine environmental

State/Organization cultures?

Culture on site?

Urine antigen on site? Disinfection?

Allegheny County Yes
Health Department Frequency: annually, but more
1993/1997 [18] often in transplant hospitals
Maryland Health Yes
Department [19] Frequency: to be determined
by institution
No, unless high-risk facility
Frequency: unspecified
No, unless bone-marrow
transplant unit beds
Frequency: unspecified

hospital

Texas Department of
Health [20]

Centers for Disease
Control [21]

hospital

Yes, if environmental
cultures positive

Yes, if transplant

Yes, if transplant

Yes, if more than 400

Consider disinfection if more
than 30% sites positive

Yes, if environmental cultures
positive for Legionella
pneumophila serogroup 1

Yes for all acute-care hospitals
(or contract laboratory with
24-48 h turn-around time)

Yes for acute-care and long-
term-care hospitals

Yes, if more than 400 beds

If cases identified

If cases identified

If cases identified

efficacy of the following disinfection methods: treatment
with ozone, ultraviolet light, copper-silver ions or
monochloramine. It is somewhat surprising that treat-
ment with copper-silver ionization is not included
among the recommended disinfection approaches at this
point in time. This disinfection option has been in use
for more than 10 years; copper—silver ionization systems
are now operational in more than 100 US hospitals, and
32% (12/38) of surveyed hospitals in the National
Nosocomial Infection Surveillance program [24] used
ionization for Legionella disinfection. The first 16
installations in the US have experienced sustained
success at 5-11 years follow-up [25].

Unfortunately, the recommended disinfection modalities
include superheating and flushing of the potable hot
water (thermal eradication) or hyperchlorination. Neither
of these methods can be sustained for long periods. The
practice of superheating is logistically tedious, labor-
intensive, and only effective for weeks to months. It is
important to note that the 5-min flush duration given in
the Centers for Disease Control and Prevention Health-
care Infection Control Practices Advisory Committee
guidelines i1s an error: this short duration is usually
insufficient to yield a significant reduction in the level of
Legionella colonization. A flush time of 30 min at each
outlet has been shown to be effective [26]. Hyperchlor-
ination over long periods (years) has resulted in
significant corrosion such that this modality has been
abandoned by many hospitals in favor of ionization [25].
Continuous hyperchlorination has fallen out of favor
because of high expense, marginal efficacy, and release
of carcinogenic by-products into the drinking water
[27,28°°]. Both shock chlorination and thermal eradica-
tion have resulted in only short-term control of Legionella
[29,30].

One disinfection option not mentioned in the guideline
is the use of chlorine dioxide. Chlorine dioxide has been
used in Europe and has received increasing considera-

tion by US hospitals. Results from two controlled studies
on the use of chlorine dioxide for control of Legionella in
hospital water systems showed significant reductions in
the recovery of Legionella species from the water-
distribution system [Sidari FP, Stout JE, VanBriesen
IM, er al., unpublished observations; 31]. As with
chlorine, there are concerns over disinfection by-
products produced by the breakdown of chlorine dioxide
(chlorite), but more data are needed to ascertain whether
this is a valid or simply theoretical concern. Chlorine
dioxide and monochloramine represent promising new
technologies, but interpretable results may not be
available for several years.

Susceptibility of children and long-term care
facility residents

Given the increasing use of diagnostic tests for Legionella,
new risk groups of patients are being discovered to be
susceptible to Legionnaires’ disease. They include
immunocompromized children in pediatric hospitals
colonized with Legionella, and clderly patients residing
in long-term care facilities and rehabilitation centers
colonized by Legionella.

In the past year, at least two more cases of hospital-
acquired legionellosis in children have been reported,
adding to the growing literature on pediatric legionello-
sis. In each case, molecular subtyping showed that the
source of the organism was the hospital water supply.
One case was a 5-year-old boy who was malnourished
and also receiving corticosteroid therapy [32]. He
developed post-operative pneumonia, and urine antigen
and cultures yielded L. pneumophila serogroup 1. The
second case occurred in a 7-day-old neonate who
contracted Legionnaires’ disease as diagnosed by Legio-
nella serology and a positive urinary antigen test [33].
The interesting feature of the neonate case was that the
child apparently acquired the organism from the pool
water used for water-birthing (an alternative method
used in the delivery of babies). The mode of transmis-
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sion for both patients was considered by the investigators
to be aspiration.

At least three outbreaks of Legionnaires’ disease have
occurred in long-term care facilities, and in two of them
Legionella was isolated from the potable water [34-36]. In
a third outbreak, only limited environmental sampling
was performed. Aspiration was presumed to be the mode
of transmission for most of these outbreaks. In one
outbreak, the eating of puréed food was a significant risk
factor for Legionella, consistent with aspiration originating
from a swallowing disorder [34]. In two prospective
studies of long-term-care residents admitted to hospitals
with community-acquired pneumonia, 6.5% of patients
in a US study [37], and 1.4% of patients in a Canadian
study [38], were found to have contracted Legionnaires’
disease.

Prospective studies of both Legionella colonization of the
water supply and subsequent infection in a long-term
care facility were performed in Pittsburgh: 7% of the
cases of pneumonia were diagnosed as Legionnaires’
disease by serology in one study [39], and, in another
prospective study [40], L. pueumophila serogroup 1 was
isolated from a newly constructed long-term care facility.
Six cases of Legionnaires’ disease were diagnosed over
two years. DNA subtyping established that the isolates
from the patients were identical to the environmental
isolates from the water supply.

A rehabilitation facility has also been implicated: 11
patients contracted Legionnaires’ disease caused by L.
pneumophila, serogroup 1. Legionella serogroup 1 was
subsequently isolated from the water-distribution system
of that facility [35].

Conclusion

In our opinion, a rational approach to the prevention of
Legionnaires’ disease requires not only the development
of effective disinfection modalities but also education of
the public and the lay media. Whenever cases of
Legionnaires’ disease are linked to Legionella in the
hospital water supply, the media search for scapegoats.
The public is not aware that Legionella is a common
commensal inhabitant of man-made water-distribution
systems. We have observed the implementation of
emergency disinfection measures that are expensive,
logistically tedious, and often have little impact on the
actual risk of acquiring Legionella. Given the fact that
isolation of Legionella from a water supply can lead to
irrational action and fear of litigation, many hospital
administrators have decided to avoid culturing of the
hospital water distribution system, thereby omitting the
most effective and rational approach to prevention.
Avoidance of environmental culturing in hospitals is
the current standard in the UK and Australia. Ironically,

in both of these countries, outbreaks attributed to
cooling towers are commonly reported in the lay press,
although epidemiological investigation of hospital-
acquired legionellosis almost always pinpoints the
water-distribution systems [41].

The ‘avoidance policy’ not only places patients at undue
risk, but will not protect the institution from litigation. A
hospital in Los Angeles, CA, has recently been named in
a lawsuit seeking damages in the deaths of two patients
from hospital-acquired Legionnaires’ disease [42]. This
hospital had not pro-actively cultured its water supply for
Legionella (cost, approximately $1500) and had not pro-
actively disinfected its hot-water system (cost, approxi-
mately $20 000). The damages being sought amount to
approximately $20 million, and brings to mind the
aphorism ‘penny wise and pound foolish’.

References and recommended reading

Papers of particular interest, published within the annual period of review, have
been highlighted as:

*  of special interest

** of outstanding interest

1 Heath CH, Grove DI, Looke DFM. Delay in appropriate therapy of Legionella
pneumonia associated with increased mortality. Eur J Clin Microbiol Infect Dis
1996; 15:286-290.

2 Lepine LA, Jernigan DB, Butler JC, et al. A recurrent outbreak of nosocomial
Legionnaire’s disease detected by urinary antigen testing: evidence for long-
term colonization of a hospital plumbing system. Infect Control Hosp
Epidemiol 1998; 19:905-910.

3 Lettinga KD, Verbon A, Weverling G-J, et al. Legionnaires’ disease at a
Dutch flower show: prognostic factors and impact of therapy. Emerg Infect
Dis 2002; 8:1448-1454.

4  Benin AL, Benson RF, Beser RE. Trends in Legionnaires’ disease, 1980-
1998: declining mortality and new patterns of diagnosis. Clin Infect Dis 2003;
35:1039-1046.

This report from the US Centers for Disease Control and Prevention updates the
data from passive reporting of cases of Legionnaires’ disease in the US from 1980
to 1998. The good news reported by the authors is that there is a significant
decrease in Legionnaires’ disease-related mortality. The bad news is that there is a
decrease in diagnosis by means of the culturing of Legionella, which may have a
negative public health impact on the ability to identify sources of infection.

5 Formica N, Yates M, Beers M, et al. The impact of diagnosis by legionella
urinary antigen test on the epidemiology and outcomes of Legionnaires’
disease. Epidemiol Infect 2001; 127:275-280.

6 Bartlett JG, Dowell SF, Mandell LA, et al. Practice guidelines for the
management of community-acquired pneumonia in adults. Clin Infect Dis
2000; 31:347-382.

7 Marrie TJ. Diagnosis of Legionellaceae as a cause of community-acquired
pneumonia — ‘. .. continue to treat first and not bother to ask questions later’ —
not a good idea. Am J Med 2001; 110:73-75.

8 Helbig JH, Uldman SA, Bernander S, et al. Clinical utility of urinary antigen
detection for diagnosis of community-acquired, travel-associated, and
nosocomial Legionnaires’ disease. J Clin Microbiol 2003; 41:838-840.

The sensitivities of two Legionella urine antigen tests: the Binax enzyme
immunoassay and the Biotest enzyme immunoassay are compared. According
to the authors, more than half of hospital-acquired Legionnaires’ disease cases
due to L. pneumophila serogroup 1 will be missed if the urine antigen test is the
sole diagnostic modality. The sensitivity of the test is significantly lower for disease
caused by monoclonal antibody subgroup 3/1-negative (monoclonal antibody
subgroup 2-negative) strains, which were often found in hospital-acquired cases.
Binax, Inc. manufactures the Binax test. They are located in Portland, ME/U.S.A.;
Biotest AG is the manufacturer for the Biotest EIA test and they are located in
Dreieich, Germany.

9  Yu VL. Resolving the controversy on environmental cultures for Legionella. A
modest proposal [editorial]. Infect Control Hosp Epidemiol 1998; 19:893-
897.



10

1

Sabria M, Garcia-Nunez M, Pedro-Botet ML, et al. Presence and
chromosomal subtyping of Legionella species in potable water systems in
20 hospitals of Catalonia, Spain. Infect Control Hosp Epidemiol 2002;
22:673-676.

Fields BS, Benson RF, Besser RE. Legionella and Legionnaires’ disease: 25
years of investigation. Clin Microbiol Rev 2002; 15:506-526.

This is an updated and comprehensive overview of the microbiology, epidemiology
and pathogenesis, covering all facets of legionellosis. Legionella diagnostic
microbiology is the strongest section of the article. In contrast, the prevention of
hospital-acquired legionellosis is covered in a relatively superficial way.

12

13

14

15

16

17

18

19

20

21

22

23

24

Helbig JH, Bernander S, Castellani-Pastoris M, et al. Pan-European study on
culture-proven Legionnaires’ disease distribution of Legionella pneumophila
serogroups and monoclonal subgroups. Eur J Clin Microbiol Infect Dis 2002;
21:710-716.

Yu VL, Plouffe JF, Castellani-Pastoris M, et al. Distribution of Legionella
species and serogroups isolated by culture in consecutive patients with
community acquired pneumonia: an international collaborative survey. J Infect
Dis 2002; 186:127-128.

Kool JL, Bergmire-Sweat D, Butler JC, et al. Hospital characteristics
associated with colonization of water systems by Legionella and risk of
nosocomial Legionnaires’ disease: a cohort study of 15 hospitals. Infect
Control Hosp Epidemiol 1999; 20:798-805.

Kohler JR, Maiwald M, Luck PC, et al. Detecting legionellosis by unselected
culture of respiratory tract secretions and developing links to hospital water
strains. J Hosp Infect 1999; 41:301-311.

Best M, Yu VL, Stout J, et al. Legionellaceae in the hospital water supply —
epidemiological link with disease and evaluation of a method of control of
nosocomial Legionnaires’ disease and Pittsburgh pneumonia. Lancet 1983;
2:307-310.

Stout JE, Lin YSE, Goetz AM, Muder RR. Controlling Legionella in hospital
water systems: experience with the superheat-and-flush method and copper—
silver ionization. Infect Control Hosp Epidemiol 1998; 19:911-914.

Allegheny County Health Department. Approaches to prevention and control
of Legionella infection in Allegheny County health care facilities. 2nd ed.
Pittsburgh: Allegheny County Health Department; 1997. pp. 1-15. Download
from www.legionella.org May 26 2003

State of Maryland Department of Health and Mental Hygiene. Report of the
Maryland Scientific Working Group to Study Legionella in Water Systems in
Healthcare Institutions. Baltimore: State of Maryland Department of Health
and Mental Hygiene; 2000. Download from www.legionella.org May 26 2003

Texas Department of Health. Report of the Legionnaires’ disease task force.
Austin: Texas Department of Health; 2002. Download from www.tdh.state.
tx.us 26 May 2003

Centers for Disease Control. Guidelines for prevention of nosocomial
pneumonia. MMWR 1997; 46 (RR-1), Jan. 3:1-79.

Yu VL, Kroboth FJ, Shonnard J, et al. Legionnaires’ disease: new clinical
perspective from a prospective pneumonia study. Am J Med 1982; 73:357—
361.

Darelid J, Bengtsson L, Gastrin B, et al. An outbreak of Legionnaires’ disease
in a Swedish hospital. Scand J Infect Dis 1994; 26:417-425.

Fiore AE, Butler JC, Emori TG, Gaynes RP. A survey of methods to detect
nosocomial legionellosis among participants in the National Nosocomial
Infectious Surveillance System. Infect Control Hosp Epidemiol 1999;
20:412-416.

25

26

27

28

Hospital-acquired Legionnaires’ disease Stout and Yu 341

Stout JE, Yu VL. Experience of the first 16 hospitals using copper—silver
ionization for Legionella control: implications for the evaluation of other
disinfection modalities. Infect Control Hosp Epidemiol (in press).

Best MG, Goetz AM, Yu VL. Heat eradication measures for control of
hospital-acquired Legionnaires’ disease: implementation, education, and cost
analysis. Am J Infect Control 1984; 12:26-30.

Lin YE, Vidic RD, Stout JE, Yu VL. Legionella in water distribution systems. J
Am Water Works Assoc 1998; 90:112-121.

Kim BR, Anderson JE, Mueller SA, et al. Literature review — efficacy of
various disinfectants against Legionella in water systems. Water Res 2002;
36:4433-4444.

Chemical aspects of disinfectants are comprehensively reviewed. The most
detailed sections deal with oxidizing agents, including chlorine, chlorine dioxide
and chloramines.

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Borella P, Bargellini A, Pergolizzi S, et al. Prevention and control of Legionella
infection in the hospital environment [in ltalian]. Ann Ig 2000; 12:287-296.

Steinert M, Ockert G, Luck C, Hacker J. Regrowth of Legionella
pneumophila in a heat-disinfected plumbing system. Zentralb Bakteriol
1998; 288:331-342.

Perl T, Mackie K, Bova G, et al. Chlorine dioxide to disinfect potable water.
Society for Healthcare Epidemiology of America; 2002.

Trubel HKF, Meyer HGW, Jahn B, et al. Complicated nosocomial pneumonia
due to Legionella pneumophila in an immunocompromised child. Scand J
Infect Dis 2002; 34:219-221.

Franzin L, Scolfaro C, Cabodi D, et al. L. pneumophila pneumonia in a
newborn after water birth: a new mode of transmission. Clin Infect Dis 2001;
33:e103-e104.

Loeb M, Simor AE, Mandell L, et al. Two nursing home outbreaks of
respiratory infections with Legionella sainthelensi. J Am Geriatric Soc 1999;
47:5647-552.

Nechwatal R, Ehret W, Klatte OJ, et al. Nosocomial outbreak of legionellosis
in a rehabilitation center. Demonstration of potable water as a source.
Infection 1993; 21:235-240.

Maesaki S, Kohno S, Koga H, et al. An outbreak of Legionnaires’ pneumonia
in a nursing home. Intern Med 1992; 31:508-512.

Fang GD, Fine M, Orloff J, et al. New and emerging etiologies for community-
acquired pneumonia with implications for therapy: a prospective multicenter
study of 359 cases. Medicine (Baltimore) 1990; 69:307-316.

Marrie TJ, Blanchard W. A comparison of nursing home-acquired pneumonia
patients with patients with community-acquired pneumonia and nursing home
patients without pneumonia. J Am Geriatric Soc 1997; 45:50-55.

Brennen C, Vickers RM, Yu VL, et al. Discovery of occult pneumonia in a
long stay hospital: results of a prospective serological study. Brit Med J 1987;
295:306-307.

Stout JE, Brennen C, Muder RR. Legionnaires’ disease in a newly
constructed long-term care facility. J Am Geriatr Soc 2000; 48:1589-1592.

Joseph C. Surveillance of Legionnaires’ disease in Europe. In: Marre R, et al.,
editors. Legionella. Washington, DC: ASM Press; 2002. pp. 311-317.

US Associated Press, May 10, 2003.





