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Standard Guide for

Inspecting Water Systems for Legionellae and Investigating
Possible Outbreaks of Legionellosis (Legionnaires’ Disease
or Pontiac Fever) 1

This standard is issued under the fixed designation D 5952; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope D 3370 Practices for Sampling Water from Closed Con-

1.1 This guide covers appropriate responses for employers, duits” ) ] )
building owners and operators, facility managers, health and D 3856 Guide for Good Laboratory Practices in Laborato-

safety professionals, public health authorities, and oth&y$o( ries Engaged in Sampling and Analysis of Water
a concern that a water system may be contaminated with the D 4840 Guide for Sample Chain-of-Custody Procedﬁre;

fication of one or more cases of Legionnaires’ disease or _Co0oling Systents

Pontiac fever (see 6.3-6.5). Comprehensive and explicit rec- 2.2 APHA Document§: N
ommendations to limit legionella multiplication in water sys- ~The Public Health Law Manual, Second Edition

tems and to disinfect potential sources of human exposure to Standard Methods for the Examination of Water and Waste-

legionellae are beyond this guide’s scope. water, Twentieth Edition

1.2 This standard does not purport to address all of the Control of Communicable Diseases Manual, Seventeenth
safety concerns, if any, associated with its use. It is the  Edition
responsibility of the user of this standard to establish appro- 2-3 ASHRAE Documents: _ . _
priate safety and health practices and determine the applica- C€ooling Towers. Handbook—Heating, Ventilating, and Air-

bility of regulatory limitations prior to useSee 7.3 and 8.5 for Conditioning Systems and Equipment o
specific hazard statements. Codes and Standards. Handbook—Heating, Ventilating, and
Air-Conditioning Systems and Equipment
2. Referenced Documents Water Treatment. Handbook—Heating, Ventilating, and Air-
2.1 ASTM Standards: Conditioning Systems and Equipment
D 512 Test Methods for Chloride lon in Waker Minimizing the Risk of Legionellosis Associated with Build-
D 596 Practice for Reporting Results of Analysis of Water ing Water Systems
D 887 Practices for Sampling Water-Formed Dep8sits 2.4 ASM Documents: _ N
D 1067 Test Methods for Acidity or Alkalinity of Watér Manual of Clinical Microbiology, Fifth Editiof
D 1129 Terminology Relating to Water Manual of Environmental Microbiology
D 1192 Specification for Equipment for Sampling Water 2.5 CDC Documents?
and Steam in Closed Condfits Guidelines for Prevention of Nosocomial Pneumonia
D 1293 Test Methods for pH of Wafer Hospital-Laboratory Diagnosis of Legionella Infections
D 1356 Terminology Relating to Sampling and Analysis of
Atmosphere$

. . - . 5 Annual Book of ASTM Standagdgol 11.05.
D 2331 Practices for Preparatlon and Prellmmary Testlng of 6 Available from the American Public Health Association, 1015 18th St. N.W.,
Water-Formed Deposits Washington, DC 20036, USA, 1990, 1989.
7 Available from the American Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329, USA.
8Winn, W.C., ‘Legionellg” in Manual of Clinical Microbiology Murray, P.R.,
1 This guide is under the jurisdiction of ASTM Committee D22 on Sampling and Ed., American Society for Microbiology, Washington, DC 20005, USA, 1999, pp.
Analysis of Atmospheres and is the direct responsibility of Subcommittee D22.0572-585.
on Indoor Air. °Fields, B. S. Legionellae and Legionnaires’ disease in Manual of Environmen-
Current edition approved November 10, 2002. Published January 2003. Origital Microbiology. Hurst, C.J., Ed., American Society for Microbiology, Washington,
nally approved in 1996. Last previous edition approved in 1996 as D 5952 - 96(02)DC 20005, USA, 1997, pp. 666—675.

2 Annual Book of ASTM Standardgol 11.01. 10 Available from the U.S. Department of Health and Human Services, Public
3 Annual Book of ASTM Standardéol 11.02. Health Service, Centers for Disease Control and Prevention, Atlanta, GA 30333,
4 Annual Book of ASTM Standardgol 11.03. USA, 1987, 1994, 1996, 1997, 2000.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Procedures for the Recovery of Legionella from the Envi- 3.2.9 biocide n—for legionellag a chemical used to Kill
ronment legionellae and other microorganisms.

Final Recommendations to Minimize Transmission of Le- 3.2.10 biofilm, n—a layer of microorganisms contained in a
gionnaires’ Disease from Whirlpool Spas on Cruisematrix that may form a slime on surfaces in contact with water.

Ships _ N ~ 3.2.11CDC, n—Centers for Disease Control and Preven-
Case Definitions for Infectious Conditions Under Publiction, U.S. Public Health Service, Atlanta, Georgia.
Health Surveillance 3.2.12 clean adj—visibly free of sludge, sediment, scale,

Guidelines for Preventing Opportunistic Infections Amongyisfilm, algae, fungi, rust, corrosion, and extraneous matter.

Hemat_op0||et|cfStem CdeII Tra}nhsplznt.Rempl_ents hical 3213 clean v—to remove sludge, sediment, scale, biofiim,
Occupational Safety and Health Administration Technicalyyae fungi, rust, corrosion, and extraneous matter by physical
Manual, Section Il - Chapter 7, Legionnaires’ Disease or chemical means.

2.6 State of Maryland Documents: : _
S . 3.2.14 colony, n—of legionellag a macroscopic group of
Report of the Maryland Scientific Working Group to Study legionella cells arising from bacterial multiplication on the

Legionella in Water Systems in Healthcare Institutions surface of semisolid culture medium.

3. Terminology .3..2.15 colony-formmg. unit n— of legionellag a colony
o o ~arising from the multiplication of one or a cluster of viable
3.1 Definitions from Compilation of ASTM Standard Defi- legionellae.
nitions. o _ 3.2.16 confirmed casen— of Legionnaires’ disease case
3.1.1 air conditioning n—the simultaneous control of all, of physician-diagnosed pneumonia verified by at least one

or at least the firs.t three, qf_ those factors affecting pOFh thPcomfirmatory laboratory test as meeting the laboratory criteria
physical and chemical conditions of the atmosphere within anIXr

X . “Yointly developed by CDC and the Council of State and
structure. These factors include temperature, humidity, motiorira itorial Epidemiologists (CSTE).
distribution, _dus_t, bacteria, odor_, and toxic gases. . 3.2.17 contamination n— with legionellag the presence of
3.1.2 monitoring n—the continual sampling, measuring, |

: . . i egionellae on or in inanimate articles or substances.
recording, or signaling, or both, of the characteristics of water 3218 | t oh f legionellosis th
or waterborne material. .2.18 convalescent phase— of legionellosis the recov-

3.1.3 pH, n—the negative logarithm of hydrogen-ion activ- ery phase of infection, typically four to eight weeks following
ity in aqueous solution or the logarithm of the reciprocal of theSyMPptom onset.

hydrogen-ion activity. 3.2.19 cooling towgr n—a structure for lowering \_Nat(_ar
3.1.4 sampling n—obtaining a representative portion of the temperature evaporatively by contact with atmospheric air.
material concerned. 3.2.20 DFA, adj—direct fluorescent-antibody.
3.1.5 scalg n—a deposit formed from solution directly  3.2.21dead leg n—a length of pipe closed at one end or
upon a surface. ending at a fitting through which water flows only when the
3.1.6 sludge n—a water-formed sedimentary deposit. fitting is open.
3.2 Definitions of Terms Specific to This Standard: 3.2.22 direct fluorescent-antibody test—for legionellag a
3.2.1 acute phasen— of legionellosis the initial phase of staining procedure that detects legionella surface antigens
infection; the first weeks following symptom onset. through the use of specific antibodies labelled with fluorescent

3.2.2 aeroso| n—solid or liquid particles suspended in air. compounds; bacteria to which antibody has attached fluoresce
3.2.3 antibody n—to legionellag a substance in blood when viewed under appropriate irradiation.
synthesized in response to legionella antigen that enters the3.2.23 disinfect v—to eliminate virtually all pathogenic
body. microorganisms, but not necessarily all microbiological forms,
3.2.4 antibody rise n— in legionella antibodyan increase outside the body by direct exposure to chemical or physical
in the highest serum dilution at which legionella antibody isagents.
detected in a blood sample collected weeks or months after 3 2 24 drift, n—from water-cooled heat-transfer equipment
|egi0ne”OSiS onset as Compared with the hlgheSt dilution for Qvater drop|ets carried from a Coo”ng tower or other water-
sample collected before or shortly after illness onset. cooled heat-transfer system by air movement through the unit;
3.2.5 antigen n—to legionellae a legionella molecule that  drift can be confused with condensed water vapor appearing as
stimulates an antibody response by a host immune system. steam leaving a unit.
3.2.6 aseptically adv—using precautions to prevent con- 35 75 grift eliminator, n—a plastic, metal, or wood baffle

tamination of samples by microorganisms. designed to entrain water droplets and to reduce aerosol
3.2.7 back-flow preventern—a control valve to prevent escape.

reverse flow of water.
3.2.8 bacterium n—pl. -ria, typically small unicellular
microorganism.

3.2.26 enzyme immunoassay (E)f)y—a technique to detect
very small quantities of antigens through use of an anti-
antibody attached to an enzyme that causes a color change in
its substrate

3.2.27 evaporative condensem—a heat exchanger in

1 Available from State of Maryland, Department of Health & Mental Hygiene, which rEfrigerant is cooled by a combination of air movement
Baltimore, MD, USA, 2000. and water spraying.
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3.2.27.1 Discussior—Evaporative air coolers (swamp cool- inhalation of airborne legionellae are recognized, that is,
ers), which do not produce large numbers of water dropletd,.egionnaires’ disease and Pontiac fever.
have not been associated with legionella transmission to date. 3,2.50 Legionnaires’ diseas@é—an illness characterized by
3.2.28 exhaust outletn— in a ventilation systepan outlet  pneumonia and caused by or associated with legionella infec-
from which an air-handling system discharges air outdoors. tion, most oftenL. pneumophila

3.2.29 false-negative adj—incorrectly indicating the ab- 3.2.51 maintain v—to perform regular and routine activi-
sence of a finding, condition, or disease. ties aimed at preserving equipment, operational standards and
3.2.30 false-positive adj—incorrectly indicating the pres- cleanliness; includes inspection, repair, preventive servicing,

ence of a finding, condition, or disease. and cleaning.

3.2.31 free residual chlorinen—the total concentration of 3.2.52 maintenance prograpm—the assembly of relevant
hypochlorous acid and hypochlorites available to act as disindata and the setting out of a formal strategy and recording
fectant. system for effective management of a series of maintenance

3.2.32 genus n—a taxonomic classification of organisms; procedures.
the division between the family or tribe and the species; a 3.2.53 make-up watern—fresh water added to circulating
group of species alike in broad organizational features buvater systems to compensate for losses due to evaporation,
different in detail. purging, drift, or leakage.

3.2.33 gram-negative adj—losing the primary violet or 3.2.54 microorganism n—a microscopic organism.
blue stain during decolorization in Gram’s staining method.  3.2.55 opportunistic infection n—an infection caused by

3.2.34 HVAC, adj—heating, ventilating, and air- normally nonpathogenic organisms in a host whose resistance

conditioning. has been decreased.
3.2.35 humidifier, n—a device for adding moisture to air by  3.2.56 outbreak n—of legionellosis the occurrence of two
boiling, spraying, or atomizing water. or more confirmed legionellosis cases in a limited time period
3.2.36 IFA, adj—indirect fluorescent-antibody. (for example, weeks to months) and geographic region (for
3.2.37 immunocompromiseddj—a person’s state when the e€xample, a building, limited area within a building, or up to
body’s natural defenses to infection are below normal. several kilometres around a potential source); the occurrence of

3.2.38in vitro, adj—(Latin: in glass), refers to laboratory C€ases in excess of the number expected in a given time period
tests performed in a test tube or other container as opposed &d locale.

a living system; the opposite dfi vivo. 3.2.57 outdoor air intake n— for ventilation systemsan
3.2.39in vivo, adj—(Latin: in living), refers to laboratory 0Opening through which outdoor air is introduced into a
tests performed in living organisms; the oppositérofitro. building’s air-handling system.
3.2.40 incubation periogd n— of legionellosis the time 3.2.58 PCR adj—polymerase chain reaction.
interval between initial contact with legionellae and appear- 3.2.59 polymerase chain reaction test— a technique for
ance of the first legionellosis sign or symptom. selecting and amplifying specific genetic sequences.
3.2.41 indirect fluorescent-antibody test—for legionella 3.2.60 Pontiac fevern—a self-limited, short-duration, non-

antibodies a staining procedure that detects serum antibodiefatal disease characterized by fever and cough caused by or
to legionellae through the use of bacteria fixed on a glass slid&ssociated with legionellae.

secondary test antibodies labelled with fluorescent compounds 3.2.61 protozoan n—pl. -a, single-celled microorganism
attach to fixed legionellae/serum antibody complexes andepresenting the lowest form of animal life.

fluoresce when viewed under appropriate irradiation. 3.2.62 sensitivity n— of a test for legionellosis or legionel-
3.2.42 infection n—with legionellae the entry and devel- lae, a method’s ability to detect the presence of the disease
opment, or multiplication, of legionellae in humans. (that is, legionellosis) or the causative agent (that is, legionella)
3.2.43 inspector n—a person examining an environment being tested if present.
for possible contamination with legionellae. 3.2.63 serogroup n—of legionella a subgroup within a
3.2.44 investigator n—a person conducting an epidemio- legionella species.
logical investigation of a potential legionellosis outbreak. 3.2.64 serology n—the study of blood serum for evidence
3.2.45 isolate n—a microorganism grown from a clinical or of infection, performed by evaluating antigen-antibody reac-
environmental sample. tionsin vitro.
3.2.46 isolate v—in vitro growth of microorganisms on 3.2.65 serum n—pl. -a, the clear, thin, sticky fluid portion
culture medium. of blood remaining after coagulation.

3.2.47 Legionella n—a bacterial genus containing over 40 3.2.66 source n—of legionellag the water system, supply,
species and at least 50 serogroups; abbreviated to the first equipment from which legionellae pass to a host.
initial when used repeatedly with species names, for example, 3.2.67 speciesn—a taxonomic classification of organisms;

L. pneumophila the division between genus and variety or individual; a group
3.2.48 legionellg n—pl. -ag a bacterium in the genus of organisms bearing a close resemblance in essential organi-
Legionella zational features.

3.2.49 legionellosis n—an iliness caused by or associated 3.2.68 specificity n— of a test for legionellosis or legionel-
with legionella infection; two forms of legionellosis due to lae, a method’s ability to identify accurately an illness as
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legionellosis or a bacterium as a legionella; a method’s abilityinfections Among Hematopoietic Stem Cell Transplant Recipi-
to select and distinguish legionella from all other bacteria in theents. Detecting legionellae in a water system is not sufficient to

same environment. identify the system as a health hazard. However, failure to
3.2.69 sporadic casen— of legionellosisan occurrence of detect legionellae does not indicate, conclusively, that the

legionellosis apparently independent of other cases. bacteria are not present (see 6.2.4) or that the water system may
3.2.70 subtype n—of legionella a subgroup within a le- not pose a potential health hazard. Methods to detect legionella

gionella serogroup. vary in sensitivity and specificity (see 6.2), and laboratories

3.2.71 surveillance n— of legionellosis the continuing vary in their skill and experience in isolating and identifying
scrutiny of aspects of the occurrence and spread of legionelegionellae. Isolation of apparently identical legionellae from
losis that are pertinent to effective control. clinical and environmental samples (see 6.2.1, 6.6.2.1, 8) may

3.2.72 susceptibility n— to legionellosis the state of not suggest that a water system was the source of legionella
possessing sufficient resistance against legionella to prevenésponsible for a patient’s infection (see 5.3.2). However, cases
infection or disease, if or when, exposed to the bacterium. of Legionnaires’ disease due to different legionella serogroups

3.2.73 titer, n—in legionellosis serologythe highest serum or species need not necessarily have different sources of
dilution at which a test detects legionella antibody. exposure. Timely inspection, testing, and treatment of possible

3.2.74 viable, adj—capable of living or replicating under a legionella sources may reduce legal liabilities for facility
given set of growth conditions; usually determined by isolationowners and operators. Refer also to the APHA Public Health
of legionellae on culture medium, that i vitro, or in  Law Manual.

laboratory animals, that isn vivo. 5.2 Environmental Testing for Legionellae in the Absence of
3.3 Refer to Terminology D 1129 and Terminology D 1356 ||ness

for definitions of other terms used in this guide. 5.2.1 Concerned employers, building owners and operators,
4. Summary of Guide facility managers, and (_)thers seek to prevent real and pote_:ntial
health hazards, if possible. Water system operators may iden-
ntify undesirable situations by monitoring routinely for legionel-
lae and may be able to implement control measures before the
acteria reach amounts sufficient to cause human illness (see
.2.4.2). The CDC Guidelines for Preventing Opportunistic
Rfections Among Hematopoietic Stem Cell Transplant Recipi-
. . : ents advises that because transplant recipients are at much
Section 8 explains how to collect environmental samples ;5o risk for disease and death from legionellosis compared

detect the presence of legionellae. Section 9 outlines af}jith other hospitalized persons, periodic culturing for legionel-

epidemiological investigation of a possible legionellosis OUt-| 20 in water samples from a center's potable water supply could
break. Section 10 recommends control measuresljorvéter- be regarded as part of an overall strategy for preventing

cooled heat-transfer systeme) (potable hot and cold water Legionnaires’ disease in transplant centers. However, the

supplies; §) heating, Vﬁ.nlt”at'?gt') a?]d a”'cgn.d'“o""f.‘g (HVAC)  ptimal methodology (that is, frequency or number of sites) for

systems; 4) spas, whirlpool baths, and jacuzzis; an) ( opyironmental surveillance cultures in transplant centers has
decor'atlve fountains. Th|s'gl.1|de uses th? tmepectorswhen. not been determined and the cost-effectiveness of such a
referring to people examining the environment for pOSSIbIestrategy has not been evaluated for either transplant centers or

Ieglonellzri] conta}m|r_1at|on (see ISchor; 7) _and th%teu_elstl-_ Iother health-care settings nor for institutional, commercial, or
gators when referring to people conducting epidemiological .iqential buildings.

studies of possible legionellosis outbreaks (see Section 9). An 522 S s advi inst tesi ‘ ‘ ¢
inspection or investigation team may include public health, ~° ome Experts advise against testing water systems for

authorities, corporate or institutional health-care providersleg'One”ae in the absence of iliness, particularly in buildings

building owners and operators, facility managers, employecher than hospitals or other health-care facilities, given that

representatives, and public or private health and safety profeg‘-bSOIUte exclusion of these bacterla from yvater systemg may
sionals. not be necessary to prevent legionellosis nor may it be

achievable without considerable expense. Microbiological wa-
5. Significance and Use ter monitoring increases operational costs, and interpretation of

5.1 Water systems may be inspected (see Section 7) ar@st results. may be difficult (see 6.2.4). ldentification of
tested (see Section 8) for legionellae under three circumstancg'?g'one”ae in environmental samples may cause unwarranted
(1) in the absence of reported legionellosis (see 5Z)when  &arm and unnecessary remediation.

a single legionellosis case has been reported (see 5.3)3and ( 5.3 Environmental Testing for Legionellae for a Single
when two or more legionellosis cases are reported in a limiteiSporadic) Legionellosis Case

time period and geographic region (see 5.4). Following are 5.3.1 Testing potential legionella sources as soon as possible
factors building owners and operators need to understand whegfter confirmation of legionellosis may increase the likelihood
considering testing water systems for legionellae in the absena# identifying the responsible source. Environmental condi-
of illness (see 5.2) and for single legionellosis cases (see 5.3jons and equipment operation may change frequently which
Refer also to the CDC Guidelines for Prevention of Nosoco-may affect the likelihood of detecting legionellae. Inspectors
mial Pneumonia and Guidelines for Preventing Opportunistienay fail to identify the responsible source if they postpone

4.1 Section 6 of this guide provides background informatio
on (1) legionella bacteria; ) microbiological analysis of
environmental samples for legionellae; aBiiecognition and
diagnosis of legionellosis. Section 7 describes environment
inspections of water systems for legionellae and sugges
general control measures to limit legionella multiplication.
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sampling until an illness is confirmed as legionellosis (see 6.®nited States. Other species associated with clinical infections
and 6.7) or until a search for other cases identifies commoincludeL. micdadei, L. dumoffii, L. bozemanii, L. feelaindL.
exposures (see Section 9). longbeachae

5.3.2 People with legionellosis often have been exposed to 6.1.3 Legionellae in the Environment Legionellae are
more than one possible source during the disease’s incubatidaund world-wide in a variety of natural and man-made aquatic
period (see 6.4.3, 6.5.3) and may not recognize or recall agnvironments, usually ones with moderately elevated tempera-
possible exposures. Isolation of apparently identical legionell&ures (see 6.1.4, 6.3.4, 7.3.6). Legionellae live in biofilms near
from clinical and environmental samples (see 6.2.1, 6.6.2.1the surfaces of lakes, rivers, and streams and in conjunction
and Section 8) does not identify a source absolutely as the siith specific protozoa.
of a patient’s exposure because the distribution of legionella 6.1.4 Legionellae in Man-Made Water SystemBactors
species, serogroups, and subtypes (see 6.1.1 and 6.1.2) in #mown to enhance legionella colonization of man-made water
environment is not known, that is, the same legionella couldystems (see 6.1.3 and 6.3.4) include warm temperature (25 to
colonize more than one water system. Identification of ar#5°C), suitable pH (2.5 to 9.5), water stagnation followed by
environmental source responsible for legionella transmissioagitation, and the presence of other organisms, sediment, and
may be difficult if no clinical isolate is available for compari- scale (see 6.1.3, 6.1.5). It is uncommon to find legionella
son with environmental isolates (see 6.2.1, 6.6.2.1). LegioneProliferation at water temperatures below 20°C and the bacte-
lae have been found in a substantial proportion of watefia do not survive in waters warmer than 60°C. Chlorinating
systems tested in prevalence surveys and outbreak investigaotable water supplies may not eradicate legionellae (see
tions. Without a clinical isolate, identification of the probable 6-1.5). Low concentrations of legionellae (even below concen-

source of legionella transmission must be based on othdfations detectable by conventional test methods, see 6.2) can
information (see Section 7). colonize water systems and can multiply under suitable con-

5.4 Environmental Testing for Legionellae for Multiple ditions. . . ) ,
Legionellosis Casesldentification of multiple legionellosis ~ ©-1.5 Association of Legionellae with Other Organisr
cases in a circumscribed area and limited time period or thgtumans, legionellae infect a type of white blood cell in the
share a potential source warrant$ ¢énvironmental inspection 1UNgs whereas, in the environment, the bacteria infect free-
of suspect sources to identify the water system responsible fd¥ing aquatic amebae and other protozoa (see 6.1.3 and 6.1.4).
legionella transmission to prevent further illness (see Sectionéeg]onel'lae inside protozoa may be protected from biocides,
7-9); and p) epidemiological investigation to identify common desiccation, and other environmental stresses.
risk factors for cases (see 6.4.2, 6.5.2). Information from an 6.2 Microbiological Analysis of Environmental Samples for
epidemiological investigation (see Section 9) often facilitated-€gionellae—Legionellae can be detected in environmental
identification of specific environments the legionellosis pa-Samples by three method$) (growth of viable bacteria on
tients shared and on which inspectors should focus attentioftiture medium (see 6.2.1)(detection of legionellae with a
(see Sections 7 and 8). Environmental testing supplements, biect fluorescent-antibody (DFA) stain (see 6.2.2); a8jl (
does not replace, inspection and prompt correction of identifie§etection of legionella genetic material with a polymerase
problems (see Section 10) at all possible legionella source@hain reaction (PCR) test (see 6.2.3). The standard or primary
regardless of whether or not legionellae are detected or th@boratory method to detect legionellae is isolation (see 6.2.1).

potential source is implicated in patient exposure. DFA and PCR results are available sooner than culture. All
samples should be submitted for culture to determine bacterial
6. Background viability and to obtain legionella isolates for serogroup and

subgroup identification, as needed (see 6.2.1.2). Refer to Test

6.1 Legionellae—Refer to the APHA Standard Methods for pethods D 596, Practices D 2331, and Guide D 3856, the
the Examination of Water and Wastewater, the ASM Manual ofapHA Standard Methods for the Examination of Water and
Clinical Microbiology, the ASM Manual of Environmental \astewater, and the CDC Procedures for the Recovery of
Microbiology, and Refg1-3) for background information on | egionella from the Environment for information on detection
legionellae. and identification of legionellae from environmental samples.

6.1.1 The Genus LegionelaLegionella are gram-negative,  6.2.1 Isolation of Legionellae from Environmental Samples
rod-shaped bacteria. Microbiologists currently recognize over g 2 1.1 Primary Isolation—Water samples and washings of
40 species in this genus of which at least 19 have beeBther materials (see Section 8) can be inoculated onto culture
associated with human illiness. The genus naegionellais  medium directly, after dilution, or after concentration by
abbreviated when used repeatedly with species names, fegntrifugation or filtration. Samples may be treated with heat or
example, Legionella pneumophilas written asL. pneumo-  pyffered acid solution to reduce the numbers of nonlegionella
phila. Microbiologists can distinguish serogroups, identified bygrganisms. The detection limit for culture methods typically is
number, within some legionella species, for example, one colony-forming unit mL*. The specificity of legionella
pneumophileSerogroup 1. Some serogroups can be separatggolation from environmental samples is 100 %, but its sensi-
further into subtypes. tivity may vary depending on the water source and sample

6.1.2 Pathogenic Legionellae—L. pneumoph({i@ particu-  handling. Preliminary culture results typically are not available
lar Serogroup 1, also Serogroups 4 and 6) accounts for moffer three to five days after sample receipt because the method
than 80 % of legionellosis cases that have been studied in thdepends on bacterial multiplication into visible colonies. Some
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legionellae may not form visible colonies for 10 to 14 days.6.2.2); @) culturing samples without heat or acid treatment (see
Confirmation of culture results may require an additional threes.2.1.1); @) failing to run proper control samples to detect field
to five days following primary isolation. Hold primary plates or laboratory errors;5) collection of unrepresentative samples;
for at least 14 days before reporting them as negative, that isnd @) improper collection or handling of samples (see 8.3 and
no legionellae isolated. 8.4). Detection methods that rely on culturing legionellae (see
6.2.1.2Isolate Identificatior-The specific species, sero- 6.2.1) may fail to isolate them if the bacteria lose viability
group, and subtype to which an environmental legionelladuring sample storage or transport to a laboratory or during the
isolate belongs may be identified with a DFA (see 6.2.2 andulturing process, for example, as a result of heat or acid
6.6.2.2) or other test. Laboratories should preserve (untiireatment (see 6.2.1.1). Laboratories also may fail to isolate
completion of the investigation) environmental legionella iso-legionellae by the culture method if the bacteria have lost
lates from outbreaks for possible further examination by publicviability due to biocide treatment or natural die-off or if the
health authorities and for more specific identification bybacteria are unable to grow on available culture media or under
methods that may not be available commercially (see 5.3.2 angiven laboratory conditions.
6.6.2.1). 6.2.4.2 Legionellae Detected-Detection of legionellae in
6.2.2 Direct Fluorescent-Antibody (DFA) Test for Environ- environmental samples by the culture method (see 6.2.1) is not
mental Samples-Microbiologists can detect bacteria in envi- uncommon (see 6.1.3 and 6.1.4). Experts do not agree on the
ronmental samples with DFA stains similar to those used taeliability of methods to quantify legionellae or on the concen-
identify culture isolates (see 6.2.1.2 and 6.6.2.1) and to detettations of these bacteria in various water supplies that repre-
legionellae directly in clinical specimens (see 6.6.2.2). How-sent hazardous situations. Legionellae detected by DFA (see
ever, DFA stains react with both living and dead legionellae6.2.2) or PCR (see 6.2.3) may be viable or non-viable by the
and also may stain other bacteria, giving false-positive testulture method (see 6.2.1). Pontiac fever can result from
results. Legionellae in water samples and washings of othe¥xposure to non-viable legionellae (see 6.3, 6.5). However,
materials (see Section 8) typically are concentrated by filtratioonly viable legionellae can cause Legionnaires’ disease (see
or centrifugation before staining. The DFA detection limit for 6.3 and 6.4).

legionellae in water samples is 10 cells MLThis method 2.5 Air Monitoring for Legionellae— Investigators have
allows rapid sample screening because results are available jgbjated legionellae from air samples collected near sources
one day. associated with Legionnaires’ disease outbreaks; for example,

6.2.3 Polymerase Chain Reaction (PCR) Test for Environ-operating HVAC equipment before decontaminatiéh How-
mental SamplesThe PCR technique selects pre-determinedever, do not rely on air sampling to measure potential exposure
sequences of genetic material and then amplifies and labels legionellae because of the high likelihood of failure to detect
them with detectable markers. The PCR technique, althougthe bacteria. Inspectors may obtain false-negative test results if
specific, amplifies genetic material from living and deadthe concentration of airborne legionellae is below an air
legionellae. Legionellae in water samples and washings ofampling method’s detection limit. Detection methods that rely
other materials (see Section 8) typically are concentrated byn culturing legionellae (see 6.2.1) may fail to isolate them
filtration or centrifugation before testing. Not all environmental from air samples if the bacteria lose culturability while
samples can be analyzed by PCR because some samples magorne, during the collection procedure, during sample stor-
contain compounds or materials that interfere with or inhibit aage or transport to a laboratory, or during the culturing process.
PCR test. The PCR detection limit, in theory, is a single, intachMethods not based on bacterial multiplication (for example,
copy of a target genetic sequence. Current PCR systems f@FA and PCR tests, see 6.2.2 and 6.2.3) may detect legionellae
legionella in water samples are designed to detect 10 to 10 air samples testing negative by the culture method.
cells mL™. This method allows rapid sample screening be- g 3| egionellosis—The termlegionellosisis used for any

cause results are available !n one dgy, but kits to conduct th§sease caused by or associated with legionellae (see 6.1).
test are no longer commercially available. Inhaling airborne legionellae and aspirating the bacteria into
6.2.4 Interpreting Water Sampling Resuttdetermine, be-  the lungs can lead to two types of disease, that is, Legionnaires’
fore testing environmental samples for legionellad) the  disease and Pontiac fever (see 6.4 and 6.5). Possible explana-
reasons for sampling (see Section &) fow to interpret tjons for the manifestation of two disease syndromes caused by
laboratory results (see 6.2.4.1 and 6.2.4.2); @)avhat action  the same bacteria include the inability of some legionellae to
to take based on the information obtained (See Section 10) U$ﬁu|t|p|y in human tissue (for a Variety of reasons, induding
only culture methods (see 6.2.1) to document legionellajirulence, host range, or viability of the bacteria) and differ-
presence conclusively in environmental samples because thgces in host susceptibility. Exposure to the same environmen-
DFA test occasionally gives false-positive results (see 6.2.2g| source has resulted in pneumonia and a nonpneumonic,
and the PCR procedure currently is experimental (see 6.2.3)pontiac fever-like illnesg5). Exposure to legionellae may
6.2.4.1 Legionellae Not DetectedRule out the possibility occur indoors or outdoors, in residences, workplaces, or public
of false-negative test results when legionellae are not detecteskttings, but infection is not transmitted from person to person.
in environmental samples before concluding the bacteria arkegionnaires’ disease may occur as isolated, sporadic cases or
not present. Possible reasons for not detecting legionellae thas outbreaks when several people are exposed to the same
are present arel] limited sample number or volume (see 8.2 source and become infected (see 6.3.3). Pontiac fever, by
and 8.3.1); 2) testing unconcentrated samples (see 6.2.1.1 andefinition, is an epidemic disease. Refer to the ASM Manual of
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Clinical Microbiology, the CDC Guidelines for Prevention of for Prevention of Nosocomial Pneumonia, and R@fs) for
Nosocomial Pneumonia, and Réfis3) for background infor-  information on clinical aspects of Legionnaires’ disease.

mation on legionellosis. 6.4.1 Symptoms-Legionnaires’ disease is a form of pneu-
6.3.1 History of Legionellosis-In 1977, the U.S. Centers monia with other multiple-system signs and symptoms. Symp-
for Disease Control and Prevention (CDC) identified a bactetoms may range from mild cough and low fever to rapidly
rium as the causative agent of a pneumonia outbreak at a 19¢ogressive pneumonia and coma. Early symptoms include
American Legion Cpnvention in Phlladelphla ThIS bacteriummajaise’ musc'e pain, and headache; |ater Symptoms inc'ude
later was named egionella pneumophilaThe 1976 outbreak high fever (40.5°C), unproductive dry cough, and shortness of
resulted in more than 200 Legionnaires’ disease cases and teath. Legionnaires’ disease patients may report gastrointes-

deaths among the more than 4000 convention attendantgn, symptoms including vomiting, diarrhea, nausea, and
Although legionellae undoubtedly caused disease before 1978,4ominal pain.

(at least two prior Legionnaires’ disease outbreaks have been6 4.2 Risk Factors—Legionnaires’ disease is usually an

identified retrospectively), laboratories initially failed to isolate =" "=~ "> . . glon . y

or detect the bacteria because of their unusual growth requir(,9pportunIStIC infection occurring most often in the elderly and
in people who smoke cigarettes, consume alcohol, have

ments and poor staining characteristics (see 6.1). . ) - ;
: . . . L . chronic cardiovascular or pulmonary conditions, or are immu-
6.3.2 Incidence of LegionellosisLegionnaires’ disease is a . . .
nocompromised. People may be immunocompromised due to

serious but fairly common form of pneumonia (see 6'A')'Ilness (for example, cancer) or medical treatment (for ex-

responsible for an estimated 3 to 15 % of adult hospitalization% _exampe, . S

for community-acquired pneumonia. Extrapolations from aample, radiation th,erapy or 'T‘e.‘?"ca“on)- I_\/Iedlc.auo,ns.that may

study of sporadic pneumonia due to legionellae that wadCrease a personss susgepubﬂny to Leglor)na|re§ disease are
those that suppress the immune system, including prolonged

acquired in the community yield an estimate of 17 000 to .
23 000 cases per year nationally in the United St&2sThe use of steroids, many cancer chemotherapy treatments, and

number of reported cases (see 9.2) is less than the probaméedications used to prevent rejection of transplanted organs.
incidence because most patients do not require hospitalization 6.4.3 Incubation Perioe—The incubation period for Le-
and appropriate confirmatory laboratory tests rarely are dongionnaires’ disease is generally two to ten days.
(see 6.4, 6.6). The incidence of Pontiac fever is not known, in 6.4.4 Treatment-Antibiotic treatment of Legionnaires’ dis-
part, because it is recognized only in epidemic form, butease reduces mortality. Macrolides (for example, erythromy-
Pontiac fever also may be fairly common. cin, azithromycin, and clarithromycin) and quinolones (includ-
6.3.3 Legionellosis Outbreaks and Sporadic Casés le- ing ofloxacin, ciprofloxacin, and levofloxacin) have good in
gionellosis outbreak is defined & the occurrence of two or vitro activity and can be given orally or intravenously for
more cases linked by time of onset and location; @rthe  outpatients and inpatients, respectively. Rifampin is highly
occurrence of cases in excess of the number expected inagtive against legionellae and is recommended as part of
given time period and locale based on previously observedombination therapy (with a macrolide or quinolone) for
incidence of the disease. At least 65 to 80 % of Legionnairespatients who are severely ill. Macrolides and rifampin have
disease cases reported in the United States and the Unite#harmacologic interactions with the immunosuppressive medi-
Kingdom apparently occur as sporadic cases, that is, isolataghtions used after transplantation, leading to recommendations

events in which no other cases are identified (see 9.1, 9.3.3r ciprofloxacin or levofloxacin for transplant recipients with
Underreporting of sporadic legionellosis cases probably is evepegionnaires’ diseases).

higher than underreporting of cases that occur in clusters (see6 4.5 Attack Rate-Usually fewer than 5 % of people ex-
6.3.2, 9.2). Legionellae may cause a large percentage %f L

hospital-acquired pneumonias (see 6.4.5), osed in community-acquired Legionnaires’ disease outbreaks

6.3.4 Sources Implicated in Legionellosis Outbreaks begc;rr;eslll. lae-R ing Leai ires’ di .
Legionellosis outbreaks have been associated with exposure to~" ™ equelag-rRecovering Legionnaires: disease patients
contaminated aerosols generated by cooling towers, evaporg‘-ay continue to suffer fatigue and respiratory symptoms for
tive condensers, spas, respiratory therapy and dental equipeveral months.
ment, showers, water faucets, decorative fountains, ultrasonic 6-4.7 Mortality—Ten to 15 % of people with community-
mist machines, and damp potting soil. acquired Legionnaires’ disease die due to progressive pneumo-

6.3.5 Legionella Transmissioa-The likelihood of le- i@ and shock. The fatality rate for hospital-acquired legionel-
gionella transmission and subsequent infection is relatet)to ( 10SiS may be as high as 30 to 50 %.
the presence of legionella in a water syste@); fpraying or 6.5 Clinical Aspects of Pontiac Fever The exact role
splashing of contaminated water and transfer of legionellae ttegionellae play in Pontiac fever is not clear. Legionellae have
the air; @) air temperature and moisture conterd) the never been isolated (see 6.6.2.1) from clinical specimens of
presence of amebae and other protozoa that may protepeople with Pontiac fever. The association between Pontiac
legionellae; §) the intensity and duration of a person’s fever and legionella is based on serological evidence (see 6.7)
exposure to airborne legionellae; ar) an exposed person’s and on a history of exposure to a potential legionella source
susceptibility (see 6.4.2, 6.5.2). (see 6.3.4). Refer to the ASM Manual of Clinical Microbiology

6.4 Clinical Aspects of Legionnaires’ DiseasdRefer to the and the CDC Guidelines for Prevention of Nosocomial Pneu-
ASM Manual of Clinical Microbiology, the CDC Guidelines monia for information on clinical aspects of Pontiac fever.



A8 D 5952 — 02
“afl

6.5.1 Symptoms-Pontiac fever is a self-limited, short- authorities and for more specific identification by methods that
duration, non-fatal illness. Symptoms include chills, headachenay not be available commercially (see Section 5, 5.3.2,
muscle pain, and other influenza-like complaints. 6.2.1.3). Specimens should be held until the finding has been

6.5.2 Risk Factors—Pontiac fever often affects otherwise reported to the local health authority (see 9.2) and subsequent
healthy people without underlying medical conditions. investigations have been completed (see Section 9).

6.5.3 Incubation Periog—The period between exposure and 6.6.2.2 Direct Fluorescent-Antibody (DFA) Test on Clinical
symptom onset in Pontiac fever is generally 6 to 48 h. Specimens-Laboratories may detedt. pneumophilaSero-

6.5.4 Treatment—People with Pontiac fever recover com- group 1, with a DFA stain, directly in lung aspirates or tissue
pletely in two to five days without medical intervention. sections. The specificity of a controlled and carefully per-

6.5.5 Attack Rate—The attack rate in Pontiac fever out- formed clinical DFA test approaches 100 % and its sensitivity
breaks may be as high as 95 %. is between 25 and 70 % (see 6.6.2.5). A DFA test may give

6.5.6 Sequelae-Recovery from Pontiac fever is complete false-negative results early in the disease process when few

6.5.7 Mortality—Death has not occurred due to Pontiac &ntibodies specific to the legionella causing a patient’s infec-
fever. tion. False-positive cross reactions with nonlegionella organ-

6.6 Diagnosing Legionnaires’ Disease Refer to the ASM ~ 'S™MS also hgve beeh reported. )
Manual of Clinical Microbiology, the CDC Hospital- 6.6.2.3Urine Antigen Test-Laboratories can detect.
Laboratory Diagnosis of Legionella Infections, and the Guide-PneéumophileSerogroup 1 antigens, with an EIA, latex agglu-
lines for Prevention of Nosocomial Pneumonia for a discussiofination, or rapid antigen card test (a paper chromatography
of the diagnosis of Legionnaires’ disease. based assay), in the urine of active and recently recovered
6.6.1 Case Definitior~The CDC'’s surveillance case defi- L€gionnaires’ disease patients. The tests detect antigens on
nition for Legionnaires’ disease is a clinically compatible caseP@cterial cells the body passes into the urine during the disease

that is laboratory confirmed (see 6.6.2). Laboratory tests arBr0cess and for as long as several months thereafter. Use of a
necessary to confirm a diagnosis of Legionnaires’ diseasd'ine antigen test to detect Legionnaires’ disease is limited, at

because the symptoms and x-ray patterns of this form opresent, by the commercial availability of reagents for dnly
pneumonia are not unique. pneumophilaSerogroup 1 (see 6.6.2.5). Cross-reactions have

6.6.2 Confirmatory Clinical Laboratory TestsA diagnosis been dempnstrated between urinary' gntigens of sederal
of Legionnaires’ disease can be confirmed, using the Currer&neumophllaseorogroups. The specificity of t_he .EIA ap-.
CDC case definition (see 6.6.1), by any one of the folIowing'oro"’mheS 100 % agd that of _the Iatex_ ggglutmatlon t%St IS
laboratory findingsY) isolation of legionella from respiratory betwe((a)n 85 and 99 %. Respective sensitivities are 70-90 % and
secretions, lung tissue, pleural fluid, or other normally sterilg®®20 %- ) ) o o
fluids (see 6.6.2.1);2) demonstration of a fourfold or greater _ 6.6.2.4 Legionella Antibody Titer in Blood- An indirect
rise in the reciprocal immunofluorescence antibody (IFA) titerfluorescent-antibody (IFA) test detedts pneumophilaSero-
to =128 against. pneumophilaSerogroup 1 between paired 90UP 1 antibodies in blood serum. The specificity of a
acute- and convalescent-phase serum specimens (see 6.6.2@ptrolled and carefully performed IFA test approaches 100 %
(3) detection ofL. pneumophilaSerogroup 1 in respiratory a@nd the sensitivity is between 70 and 80 % (see 6.6.2.5).
secretions, lung tissue, or pleural fluid by direct fluorescent-aboratories report serum antibody titer as the reciprocal of the
antibody (DFA) testing (see 6.6.2.2): @) demonstration of. highest two—fpld dilution showing a positive reaction. For
pneumophilaSerogroup 1 antigens in urine by enzyme immu_e_xample, a titer of 256 would show positive reactions at
noassay (EIA), latex agglutination, or a rapid antigen card tedfilutions of 1/64, 1/128, and 1/256, but not at 1/512. A
(see 6.6.2.3). It also may be possible to detect legionellae ifpur-fold or greater rise if.. pneumophilaantibody titer to at
clinical specimens using the polymerase chain reaction (pCngaast 128 ina plood sample collected in the convalescent phase
test. However, CDC does not accept diagnoses based on P@R @ patient’s illness as compared to an acute-phase sample
as confirmation of legionellosis. Do not use unproven diagnosdemonstratgs recent infection. Store sera until one technician
tic tests (for example, enzyme-linked immunosorbent assay$@n test palred acute- and convalescent-phase samples on the
to confirm a diagnosis of Legionnaires’ disease. same day using the same reagents.

6.6.2.1 Isolation of Legionellae from Clinical Specimens 6.6.2.5 Precautions on Diagnosing Legionnaires’
The most definitive test to confirm the presence of legionelladisease—No laboratory test for Legionnaires’ disease diagno-
in a patient is the isolation of viable bacteria from sputum,Sis is 100 % sensitive, that is, infection is not ruled out even if
bronchial brush or washing, transtracheal aspirate, or othétne or more of the above tests are negative. The earlier in the
clinical or autopsy specimen. The specificity of legionellacourse of an illness a culture, DFA stain, or urine antigen test
isolation from clinical samples is 100 % and its sensitivity isiS performed the better the chances of detecting Legionnaires’
approximately 80 % (see 6.6.2.5). Collect samples beforélisease. Asingle serological test is less useful in the first weeks
patients begin antibiotic treatment, if possible. The specifi®f acute Legionnaires’ disease than three to six weeks after
species, serogroup, and subtype (see 6.1.1 and 6.1.2) to whigmptom onset when the infected person has produced detect-
a clinical legionella isolate belongs may be identified with aable levels of legionella antibodies (see 6.6.2.4).
DFA (see 6.6.2.2) or other test. Preserve clinical legionella 6.7 Diagnosing Pontiac FeverRefer to the ASM Manual
isolates for possible further examination by public healthof Clinical Microbiology and the CDC Hospital-Laboratory
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Diagnosis of Legionella Infections for a discussion of the 7.3.1.1 Water Stagnation-ldentify portions of systems in
diagnosis of Pontiac fever. Pontiac fever is diagnosed, iwhich water may stagnate, for example, storage tanks, unused
association with a flu-like illness (see 6.5), by an antibody titeplumbing sections, and faucets operated less often than
of 256 or higher (see 6.6.2.4) tb. pneumophilaor to an  monthly (see 10.3.5, 10.4.6).
environmental legionella isolate from a source to which the 7.3.1.2 Connections Between Potable and Non-Potable Wa-
patient was exposed (see 6.1.3, 6.1.4, 6.2.1, 6.3.4, 8.2).  ter Systems-Look for connections between potable water
supplies and waters used for cooling and for supplying fire
Systems to Identify Potential Legionella Sources, and ;prinklecjrs and otfhgr qevices (sdee 10.4.5). bearlr(ﬂ][lle the candi-
General Measures to Control Legionella tion and types of devices used to prevent back flow at these
connections. Ask if the facility experienced a water-pressure
7.1 This section outlines an inspection considered appropripss, for example, due to line breakage or street repairs,
ate (1) for water systems associated with multiple legionellosispecause failure of a back-flow preventer during a pressure loss
cases; and) periodically (for example, every one, five, or ten can contaminate a water supply.
years) for other systems. Factors important in preventing 7 3 1 3 Hot and Cold Water Line Separatien See if hot
situations that may lead to legionella transmission include ( g3nq cold water lines are separated physically or if hot water

understanding of the environmental conditions that SUPpOIfines are insulated to prevent heat transfer (see 10.3.3, 10.4.3).
legionella multiplication (see 6.1.4); and) (awareness of the 7.3.2 Hot Water Supply

types of water systems and equipment that may harbor le- .
gionellae and may generate aerosols (see 7.3.1-7.3.0). Thed it ool nnlr ireatt JEPRE NS ORI T
purpose of a water system inspection mayBed identify and P P, ’

examine waersytems i which leginells coud oy anc'20% U €6 0 & e veter heter, poseble, o meaeure
from which the bacteria could become airborne; agy t6 q P

suggest control measures to correct observed and pment%g\j/rea;g r%ﬁn%ﬁggtb%(f)cr)tr.eltlv;?r/ tte):;n:faetfligr;/tatlgiI?zjgswg:g:ef?lrot
problems. Refer to the ASHRAE Codes and Standards, CooP . P Lo

; S . water at or above 60°C (see 7.4, 10.3.2) to limit legionella
ing Towers, Water Treatment, and Minimizing the Risk of

Legionellosis Associated with Building Water Systems: themultlphcatlon. Water temperature should be measured with a

CDC Guidelines for Prevention of Noscomial Pneumonia anJaiable thermometer because a water .heat_er’s temperatu.re
the OSHA Technical Manual; and Ref, 6) for information gage may not be accurate and heat stratification may result in

on environmental inspections of water systems for IegionellaéI n7re§ r2e2e|_r|1 tat'\\//\? readén?s. T M d
and on general control measures. .3.2.2Hot Water Delivery Temperature Measure an

7.2 Gathering Preliminary Information on Water System recgrd water temperature in hot watgr lines Fhroughout a
Design, Operation, and Maintenarice facility, for example, at faucets nearest, intermediate, and most
79 1’ System 5esignReview up-to-date blueprints or distant from the hot water heater or storage tank. Record initial

schematic drawings of facility water and ventilation systemsla.nd f|r|1al equglbrlum water tempera}ures mf hot watelr supply
Useas builtplans if systems differ from their original designs. Ines. [t may be necessary to run a faucet for several minutes

7.2.2 System Operation and MaintenareeExamine op- before water temperature reaches its maximum at distant

eration and maintenance records for all water systems inclu gcoatlons In a system. _Dellver hot water at a temperature of
ing hot water supplies and water-cooled heat-transfer equip2C C ©F higher, if permitted (see 7.4, 10.3.2).
ment (see 10.2.5). Review records of water temperature and /-3-2-3 Hot Water Sample AppearanedNote the presence
biocide concentration measurements, of dates and types 8f Fust, scale, and other material in samples drawn to measure
water treatment, and of dates and results of visual inspectiorfi®t water temperature (see7.3.2.1 and 7.3.2.2), which may
and water quality testing. Inquire about recent major maintelndicate infrequent use, corrosion, or biofilm formation.
nance on water systems or changes in their operation or use. 7-3.3 Cold Water Suppty

7.3 Walkthrough Visit—Ask a facility engineer or mainte- ~ 7.3.3.1 Cold Water Storage Temperature Measure and
nance staff member familiar with the water system to assistecord the temperature of water drawn from each cold water
during walkthrough visits. Inspect hot and cold water systemstorage unit. Store cold water at or below 20°C (see 7.4, 10.4.2)
including heaters, chillers, storage tanks, distribution pipingfo limit legionella multiplication. Examine storage tanks for
water treatment equipment, connections protected by bacleold water systems used as reserve capacity or to maintain
flow preventers, and the like (see 7.3.1.2). Carry a thermomhydrostatic pressure. Protect these systems from temperatures
eter, flashlight, note paper, and camera or video recorder opelow 0°C and above 20°C and cover them to prevent
walkthrough visits. Request that equipment be turned off whilecontamination with organic debris and organisms that may
examining it, if possible. Wear disposable garments, slip-proosupport legionella multiplication.
footwear, and eye protection while examining areas that are 7.3.3.2 Cold Water Delivery Temperature Measure and
wet, potentially contaminated, or recently treated with bio-record water temperature in cold water lines throughout a
cides, disinfectants, detergents, or other chemicals. Wear &cility, for example, at faucets nearest, intermediate, and most
least a 95 % efficient half-mask respirator when working neadistant from the main cold water source or storage tank. Record
potentially contaminated equipment that might generate aeranitial and final equilibrium water temperature in cold water
sols. supply lines. It may be necessary to run a faucet for several

7.3.1 General Water Supply minutes before water temperature reaches its minimum at

7. Procedure—Environmental Inspections of Water
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distant locations in a system. Protect cold water lines from hea. Procedure—Environmental Sampling for Legionellae

sources to limit legionella multiplication. 8.1 This section describes collection of environmental
7.3.3.3 Cold Water Sample Appeararedote the presence samples during or following water system inspections to
of rust, scale, and other material in samples drawn to measuigentify possible legionella sources (see Section 7). Contact a
cold water temperature (see 7.3.3.1 and 7.3.3.2), which magboratory to obtain clean, new, or sterilized containers and to
indicate infrequent use, corrosion, or biofilm formation. arrange for sample transport and analysis. Refer to Practice
734 Heating, Vent”ating, and Air-Conditioning (HVAC) D 887, SpeCiﬁcation D 1192, Practices D 3370 and D 4840,
Systems-Examine humidifiers, cooling towers, evaporative Guide D 3856, and the APHA Standard Methods for the
condensers, air washers, and similar equipment (see 7.3.E5xamination of Water and Wastewater for information on
10.5). Note the locations of outdoor air intakes for HVAC €nvironmental sampling for legionellae.
systems relative to aerosol sources such as the air exhausts fo-2 Environmental Sampling SitesEstimate the number of

water-cooled heat-transfer systems (see 7.3.5.2, 10.2.1.832mples to be collected based on a facility's size and the
10.5.1). number of water systems identified as potential legionella

sources (see Section 7). Consider collecting samples from the
) , ) following environmental sourced) incoming water supplies;
7_.3.5.1 Visual Evaluatlon—_Ex.amlne cooling towers, evapo- (2) water storage tanks and hot water heate8h¢t and cold
rative condensers, and similar water-cooled heat-transfefater faucets and shower head®; Water-cooled heat-transfer
equipment for visible evidence of algal growth, biofilm, rust, equipment; andg) humidifiers, spas, decorative fountains, and
scale, and other signs of contamination or poor maintenanc@ther water systems (see 7.3.6) suspected of harboring le-
Examine the general physical and mechanical condition ofionellae or linked epidemiologically with legionellosis pa-
water-cooled heat-transfer equipment and determine the pregents (see 9.3.1-9.3.3).
ence and condition of drift eliminators (see 10.2.1.2). 8.2.1 Water Storage Tanks and Hot Water Heaters
7.3.5.2 Air Supplies and Exhausts for Water-Cooled Heat-Aseptically collect water samples from the bottom drains and
Transfer SysterasExamine the air supplies for heat-transfer outlet pipes of water storage tanks and hot water heaters.
units and the proximity to them of sources that could supply 8.2.2 Water Faucets and Shower HeadsAseptically col-
nutrients for legionella multiplication (see 7.3.5.3). Observelect water samples from hot and cold water faucets and shower
the location of air exhausts for water-cooled heat-transfeheads throughout a facility, for example, at faucets nearest,
systems relative to outdoor air intakes for HVAC systems (se#termediate, and most distant from water heaters, storage
7.3.4,10.2.1.3, 10.5.1). tanks, and connections with municipal water supplies. Collect
7.3.5.3 Construction and Excavation Operations and Other the first water that leaves an outlet after opening the tap and
Sources of Organic MaterialsLook for construction or ex- another sample after water temperature stabilizes (see 7.3.2.2,
cavation operations that could generate dust or plant or animdl3-3-2)- Use sterile swabs to sample faucets and shower heads,
debris that when washed into a cooling system’s water coul@nd transport swabs submerged in sample water.
supply nutrients to support legionella multiplication (see 8-2-3 Water-Cooled Heat-Transfer Equipmenample the
7.3.5.2). make-up watgr supply for water-cooled heat-transfer_ systems
7.3.5.4 Water Sumps-Evaluate the condition of sumps that and.f.or associated storage tanks,. sumps, and reservoirs. Collect
e . X dditional water samples at locations distant from the make-up
C.OII‘.BCt watgr from cooling towers, evaporative condensers, aNfater outlet and where water enters sprayers or misters, if
similar equment. Measure Water.telzmperature for systems IBossible. Include samples of sludge, sediment, and biofilm.
use at thg time of a walkthrough visit. ) ) 8.2.4 Humidifiers, Spas, Decorative Fountains, and Other
7.3.6 Miscellaneous Water System&xamine miscella-  Equipment—Collect water from tanks and reservoirs of hu-
neous water sources such as decorative fountains, tepid-wat@idifiers, spas, decorative fountains, and other equipment and

eye washes, safety showers, produce (that is, fruit and vegrom their supply waters for comparison. Include samples of
etable) misters, spray irrigation systems for lawns and plantssjudge, sediment, and biofilm.

cooling waters for industrial purposes, spray-cooled cutting 8.3 Environmental Sample Collection
machines, molding presses, pasteurizers, roof sprays for hu-g 3 1 Sample Volume-Collect at least 10 to 100 mL of
midity control and cooling, storage tanks for fire-sprinkler water from cooling towers and other water-cooled heat-transfer
systems, and spas, whirlpool baths, and jacuzzis, (see 10.6 aggstems which may contain elevated concentrations of le-
10.7). gionellae. Collect more than 1 L of potable waters which may
7.4 Assessing Results of Preliminary Inspections and Recsontain lower concentrations of legionellae. Use clean, new, or
ommending Control MeasuredUse the results of the reviews sterilized containers to collect samples.
described in 7.2 and 7.3 to decide if further action is needed to 8.3.2 Sample Descriptior-Measure water temperature im-
reduce the risks of legionella multiplication in a water systemmediately before or after sample collection. Wipe thermom-
and of human exposure to airborne legionella. Measures teters with 70 % alcohol and air dry, or use other appropriate
control legionellae in the environment include correctingdisinfectant, between samples. Note the presence of rust, scale,
improper design, operation, or maintenance of water supplieand other material in samples (see 7.3.2.3, 7.3.3.3, 8.3.5).
and water-cooled heat-transfer equipment (see Section 10) and8.3.3 Filling Sample Containers-Keep collection contain-
maintaining proper hot and cold water temperatures. ers closed until ready to fill and reclose them immediately after

7.3.5 Water-Cooled Heat-Transfer Systems

10
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sample collection. Collect separately the first water leaving @o identify other people with legionellosis so they receive
faucet or drainage port and later flushes (see 8.2.2). Rinsgppropriate diagnosis and treatment; aB)l §ssessment of
collection containers several times with sample water befor@ossible common exposures among people who contracted
filling, when not collecting a first flush, and when the contain-legionellosis within a limited time period (for example, weeks
ers do not contain a dechlorinating agent (see 8.3.4), tto months) and geographic region (for example, a building,
condition the containers and remove possible interfering comkimited area within a building, or up to several kilometres
pounds. Leave ample air space (2 to 3 cm) in containers taround a potential source).
facilitate mixing and resuspension of settled material at the 9.2 |dentifying Possible Legionellosis Outbreaks
laboratory. Reporting of suspected or confirmed Legionnaires’ disease to

8.3.4 Stopping Residual Biocide Actien Sodium thiosul-  |ocal health authorities, for example, city or county health
fate may be added at the time of sample collection to neutralizefficers or state epidemiologists, is mandatory in most states in
residual chlorine and to prevent continued biocidal actionhe United States (Fig. 1, Step 1). A standard reporting form
during sample transport and storage. Refer to the APHALegionellosis Case Report, OMB No. 0920-0009, CDC
Standard Methods for the Examination of Water and Wastewag?2 56) is available from the CDC website (www.cdc.gov) or
ter for further information. Neutralization of low chlorine the Respiratory Diseases Branch, Atlanta, GA. Clinical labo-
concentrations, for example, those typically found in potableratories also must report test results indicative of the presence
water supplies, may not be necessary as legionellae are fairbf egionnaires’ disease to local health authorities in almost all
resistant to chlorine (see 6.1.3, 6.1.5) and unrestricted growtétates. Physicians and laboratories should alert local health
of other microorganisms may interfere with legionella isola-authorities of apparent outbreaks of Pontiac fever. Test people
tion. suspected of having legionellosis as described in 6.6 and 6.7

8.3.5 Sample Identification-Record the following for each (Fig. 1, Step 2). Refer to the APHA Public Health Law Manual
sample {) facility name; @) initials of person collecting and to relevant local laws and codes for information on
sample; 8) sampling site description4) sampling date and reporting the suspicion or diagnosis of legionellosis. Public
time (5) sample identification number; an@) Gample tempera- health authorities, employers, and employees may request
ture, volume, and appearance. Document all custody transfeggsistance from the federal or state Occupational Safety and
and storage conditions from the time of sample collection tcHealth Administration, if exposure may have occurred at a
final disposition. Refer also to Practice D 4840. workplace.

8.4 Environmental Sample Transport and Storageet 9.3 Determining if Legionellosis Occurred in the Past

samples reach ambient temperature and protect them from 9.3.1 Identifying Possible Exposures An epidemiologist

extreme temperatures during transport and storage, for ex, " o4 nurse or physician should question people with

ample, temperatures below 3°C and above 30°C. Seal tri@gionellosis (see 9.2) regarding possible exposures to potential

necks of collection containers W'.th tape, wrap them n a.bsorlegionella sources (see 6.3.4). Obtain an exposure history from
bent paper, and place them in individual plastic bags if no patient's health-care provider or from a reliable family

delivered by han.d tp atesting Iaborgtory. Samples should rea ember, co-worker, or colleague, if a patient cannot respond
the laboratory within 24 h of collection. Hold samples at roOM i e ctly, ' ' '

temperature at the testing laboratory and process them within 9.3.2 Determining When and Where Exposure May Have

24 h of receipt. C
8.5 Personzl Protection During Environmental Sample Occ_:urrgd—Exposure hlsto_rles (see 9.3.1) should_cover the
Collection—Request that equipment be turned off while col- Period immediately preceding symptom onset, that is, ten days
efore the onset of Legionnaires’ disease symptoms (see 6.4.3)

lecting samples, if possible. Wear disposable garments, slip= )
proof footwear, and eye protection while working in areas tha n5d 3tiNo days before the onset of Pontiac fever symptoms (see

are wet, potentially contaminated, or recently treated with i ) )
biocides, disinfectants, detergents, or other chemicals. Wear at9-3-3 Searching for Other People Who Had Legionellesis
least a 95 % efficient, half-mask respirator when working neafublic health authorities should search for legionello)saf

potentially contaminated equipment that might generate aerdl€ residences and workplaces of legionellosis patieds; (
sols. among other people with whom patients may have shared an

exposure, for example, classmates, social contacts, and other

9. Procedure—Epidemiological Investigations of Possible visitors to facilities patients frequented; an8) (n the sur-

Legionellosis Outbreaks rounding community. Interview contacts ill for two or more

9.1 Factors important to recognizing a |egione||05is out.dayS, and look for clustering of Iegionellosis-like illness in
break rapidly, to identifying its cause, and to initiating appro-time or space. Use standardized questionnaires to identify
priate interventions arel] understanding of the types of People who may have had legionellosis (see Appendix X1) and
exposures that can result in legionellosis (see 6.3.4 and 6.3.3p interview the health-care providers of patients seen for
(2) accurate recognition and diagnosis of legionellosis when itllnesses compatible with legionellosis (see Appendix X2).
occurs (see 6.4-6.7); an®)(prompt action on the part of 9.3.4 Confirming Suspected LegionellesisPublic health
physicians, public health authorities, employers, facility own-authorities should attempt to confirm apparent legionellosis by
ers and operators, and others when notified of such illnessollecting and testing appropriate clinical specimens (Fig. 1,
Reasons to investigate possible legionellosis outbreaks includgtep 3). Advise people possibly exposedLtopneumophila
(1) prevention of further exposureg)(initiation of procedures  Serogroup 1 to submit urine specimens for antigen testing (see

11
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POSSIBLE LEGIONELLOSIS CASE REPORTED
!

STEP 1: Contact institutional health-care provider and local public health department

!

STEP 2: Establish whether or not the diagnosis can be confirmed

l !
Diagnosis not confirmed Diagnosis confirmed
| i
No further epidemiological STEP 3: Identify other cases of illness compatible with legionellosis
investigation™ ! il
No other cases Other suspected cases
y 1
No further epidemiological STEP 4: Obtain clinical specimens for diagnostic testing
investigation® i )
Diagnosis not confirmed Diagnosis confirmed
! l
Continue epidemiological Initiate full epidemiological investigation
surveillance for 1 to 2 months™ and environmental inspection

A Termination of an epidemiological investigation does not preclude initiation or continuation of an environmental inspection for possible sources of legionella
multiplication or of exposure to legionellae.

FIG. 1 Flowchart for Epidemiological Investigation of Possible Legionellosis Outbreak

6.6.2.3). Collect both acute and convalescent blood sampld®n uncovers additional cases only retrospectively and no
from suspected patients, if possible, to detect a rise in leinfections occurred since study initiation, investigators may
gionella antibody titer (see 6.6.2.4). Less ideally, collect adelay implementing control measures for suspected legionella

single convalescent blood sample. Testing people with n@ources until environmental test results (see Sections 7 and 8)
history of legionellosis-like illness generally is not warrantedgre available.

(see 6.6.2.5).

9.4.1 Surveillance for New Legionellosis CaseBublic .
health authorities should inform local health-care providers of 10-1 The goal of control programs for water systems is to
legionellosis outbreaks so physicians seeing patients witfaintain clean equipment and to avoid conditions that allow
Compatib|e illness will perform the necessary Confirmatory|egi0ne”ae to multlply The total eradication of these bacteria
tests and provide appropriate treatment. An epidemiologist oifom water systems may not be possible or even necessary
trained nurse or physician should interview people suspected @fcept in certain settings, for example, some health-care
having legionellosis (see 6.4.1, 6.5.1) and look for clustering oenvironments. Refer to the ASHRAE Codes and Standards,
illness in time or space (see 9.3). Cooling Towers, and Water Treatment, and Minimizing the

9.4.2 Surveillance Period-Continue surveillance for new Risk of Legionellosis Associated with Building Water Systems;
legionellosis cases (see 9.4.1) for one to two months aftethe CDC Guidelines for Prevention of Nosocomial Pneumonia,
initiation of an investigation or after investigation of the last and the OSHA Technical Manual; and Réfs 6) for informa-
suspected case (see Section 11 and Fig. 1, Step 4). tion on general control measures for water systems.

9.4.3 Confirming Legionellosis in Suspected New Cases 102 Control Measures for Water-Cooled Heat-Transfer
Attempt to confirm apparent legionellosis in suspect patients, stams

by testing appropriate clinical specimens (see 6.6 and 6.7, an 10.2.1 Equipment Design and Locatien Select designs

Fig. 1, Step 4). . -
9 P 4) and locate water-cooled heat-transfer equipment to facilitate

9.5 Action Needed if an Epidemiological Investigation Iden- . .
tifies Additional Legionellosis Casednitiate a full epidemio- water temperature control and prevent accumulation of organic
dnaterial.

logical investigation and environmental inspection of possibl
legionella sources if the search outlined in 9.3 or 9.4 identifies 10.2.1.1Construction Materials-Use durable, biocide-
additional people with legionellosis (see 5.4). Initiate immedi-resistant materials for wet surfaces in water-cooled heat-
ate control measures (see Section 10) on water systentgansfer systems. Ensure that equipment will be accessible and
identified as possible sources of legionella exposure if avill be easy to drain and to clean. See that air flow through
legionellosis outbreak appears to be ongoing. If an investigaeach system is uniform.

12
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10.2.1.2 Drift Eliminators—Install high-efficiency drift for example, thermostatically controlled mixing valves, if
eliminators on aerosol-generating water-cooled equipment tecalding is a concern as a result of delivering water above
reduce release of bacteria in exhaust air streams. 50°C.

10.2.1.3Location of Equipment Exhausts Locate ex-  10.3.3 Insulating Water Lines-Physically separate hot wa-
hausts from water-cooled heat-transfer systems so as to avaigr lines running near cold water lines or insulate hot water
entrainment of contaminants into the outdoor air intakes ofines to reduce heat transfer. Insulating hot water lines also

HVAC systems serving the same and neighboring buildingelps maintain distribution and delivery temperatures (see
(see 10.5.1). 7.3.1.3).

10.2.2 Equipment  Operation, ~Maintenance, and 1034 Gaskets, Sealants, and Plumbing Fixtu€30 not
Inspectior—Consult equipment suppliers or manufacturers t0,se materials known to encourage biofilm formation or le-
learn how to operate water-cooled heat-transfer equipmenfionelia multiplication (for example, natural rubber and sili-

properly and follow those instructions. Appropriate use of Scal%one) in gaskets, seals, or plumbing fixtures for potable hot
and corrosion inhibitors, anti-foaming agents, and biocides (Se\?/ater supplies

10.2.3) may be part of routine operation and maintenance. .
Good maintenance of water-cooled heat-transfer systems m 1.0'3'5 ‘.J”“SGO' Equ!pmeﬂ%Flugh unused .hOt. water tanks,
elivery lines, and similar equipment periodically (for ex-

not only limit legionella multiplication but also may improve | Hl _ I I di
equipment efficiency and extend service life. Inspect water@MPle, monthly, semi-annually, or annually) or disconnect

cooled heat-transfer systems regularly (for example, weekly o€m from the main water supply and drain them (see 7.3.1.1).
monthly) to confirm that equipment is operated and maintained 10.3.6 Heat Shock Pasteurizatiealt may be advisable, in
as intended. facilities such as health-care settings, to pasteurize hot water
10.2.3 Biocide Use—The addition of chemical biocides Systems periodically (for example, monthly, semi-annually, or
often is necessary to control multiplication of bacteria, proto-2nnually) by heating the water to at least 70°C for 2 to 24 h and
zoa, and algae in water-cooled heat-transfer systems, howevélkshing each outlet for at least 5 min with the superheated
control of other microorganisms does not necessarily indicat#/ater (see also 10.3.7).
control of legionellae. Obtain information on appropriate 10.3.7 Chlorination—It may be advisable, in facilities such
biocide selection and use for legionella control from equipments health-care settings, to shock-chlorinate hot water systems
manufacturers or from companies experienced with the pamperiodically (for example, monthly, semi-annually, or annu-
ticular system in question. Consider the simultaneous use cflly) by raising the free residual chlorine concentration to 10
more than one biocide and automatic biocide delivery. Refemg L™ (ppm) and flushing each outlet until the odor of
also to Test Method E 645. chlorine is detected (see 10.3.6). Chlorine is corrosive and will
10.2.4 Periodic Cleaning—Clean and disinfect water- shorten the service life of metal plumbing. Chlorine’s biocidal
cooled heat-transfer equipment periodically, for exampleactivity is sensitive to pH, decreasing rapidly above pH 7.
monthly, quarterly, semi-annually, or annually, as neededTherefore, adjust pH to between 6 and 7 to use the lowest
Cleaning may entail physical or chemical removal of sludgegffective dose of chlorine. Refer also to Test Methods D 512,
sediment, biofilm, algae, fungi, rust, scale, or corrosion. Cleaib 1067, and D 1293.

and disinfect new equipment and equipment idle for extended 10 4 control Measures for Potable Cold Water Supplies

periods, for example, six or more months. Drain and clean 10.4.1 Cold Water Tank Capacity-See that the capacity of

systems before shut down. R .
. . . cold water tanks meets a facility’s needs and that storage time
10.2.5 Recordkeeping-Develop detailed descriptions of all 565 ot exceed 24 h. Demand far below available cold water

water-cooled heat-transfer systems, including all equmergapacity when a tank is not well insulated can result in water
cooled by a system and details of the make-up water SUpphétagnation and elevated temperatures (see 10.4.2).

Keep, readily available, written procedures describing proper 10.4.2 Cold Water T K d
system operation and maintenance and indicating use of scale10-4-2 Cold Water TemperatureKeep cold water tempera-
C to limit legionella multiplication.

and corrosion inhibitors, anti-foaming agents, and biocides (se&res at or below 20°
10.2.2 and 10.2.3). Record the dates and results of equipment10.4.3 Insulating Water Lines-Physically separate cold
inspections, maintenance, cleaning, and testing (see 10.2®ater lines running near hot water lines, or insulate hot water
10.2.4). lines to reduce heat transfer (see 7.3.1.3).

10.3 Control Measures for Potable Hot Water Supplies 10.4.4 Gaskets, Sealants, and Plumbing Fixture30 not

10.3.1 Hot Water Tank Capacity-See that the capacity of Use materials known to encourage biofilm formation or le-
hot water tanks meets a facility’s needs. Excessive hot watedionella multiplication (for example, natural rubber and sili-
demand can result in delivery of insufficiently heated water,cone) in gaskets, seals, or plumbing fixtures for potable cold
whereas demand far below available capacity can result iwater supplies.
water stagnation. Design systems to circulate hot water, if 10.4.5 Cross Contamination-Avoid contamination of cold
possible, and minimize dead legs to reduce water stagnatiorwater supplies by contact with water from other systems.

10.3.2 Hot Water Temperature-Maintain hot water storage Protect all connections to non-culinary processes using ap-
temperature at or above 60°C and deliver water to all outlets giroved plumbing devices, for example, back-flow preventers or
or above 50°C, if permitted. Employ appropriate safeguardsair gaps (see 7.3.1.2).
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10.4.6 Unused EquipmentFlush unused cold water tanks, 10.7 Control Measures for Decorative Fountaird<eep
delivery lines, and similar equipment periodically (for ex- decorative fountains and similar equipment clean and operate
ample, monthly, semi-annually, or annually), or disconnectand maintain such equipment according to the designer’s or
them from the main water supply and drain them (see 7.3.1.1)nanufacturer’s instructions including chlorination or other

10.4.7 Chlorination—It may be advisable, in facilities such water treatment.
as health-care settings, to shock-chlorinate cold water systems10.8 Protocol for Managing a Legionella-Related
periodically (for example, monthly, semi-annually, or annu-Emergency-Refer also to the CDC Guidelines for Prevention
ally) by raising the free residual chlorine concentration to 200f Nosocomial Pneumonia for information on managing a
mg L™ (ppm) far 2 h or to 50 mg C* for 1 h. Run all outlets  legionella-related emergency.
until the odor of chlorine is detected and leave the hyperchlo- 10.8.1 Develop protocols for dealing with emergencies such
rinated water in the system for the time stated above beforas the need to shut down equipment or take water systems out
flushing with fresh water. Chlorine is corrosive and will of service quickly. Such emergencies may arise when water
shorten the service life of metal plumbing. Chlorine’s biocidalsystems are implicated in legionella transmission or are found
activity is sensitive to pH, decreasing rapidly above pH 7.to support undesirable concentrations of the bacteria (see
Therefore, maintain pH between 6 and 7 to use the lowed.2.4.2). Include in emergency protocols information on where
effective dose of chlorine. Refer also to Test Methods D 5120 obtain building plans, instructions on arranging meetings

D 1067, and D 1293. with facility staff and occupants and the local community,
10.5 Control Measures for Heating, Ventilating, and Air- identification of persons in charge of coordinating media
Conditioning (HVAC) Systems contacts (for example, television, radio, and newspapers), and

10.5.1 Location of Outdoor Air Intakes- Locate outdoor & mechanism to obtain and to disseminate accurate information
air intakes for HVAC systems at a sufficient height and distancd0 answer basic questions and to address concerns. Refer also
from possible sources of airborne bacteria (for exampleto Appendix IIl: 7-1, Employee Awareness Program, in the
exhausts from water-cooled heat-transfer equipment) and frof/@SHA Technical Manual.
possible sources of dust and debris to minimize entrainment of 10.8.2 Include in emergency plans a list of who to contact at
contaminants (see 7.3.4, 7.3.5.2, 10.2.1.3). the local health department and information on where to obtain

10.5.2 Humidifiers—Use humidifiers that emit water vapor replacement equipment and supplies to clean and disinfect
or steam rather than ones that produce water droplets, that ater systems. Coordinate with public health authorities emer-
mists, if possible. Follow manufacturers’ directions on clean-gency activities such as the shutting down, testing, disinfect-
ing and disinfecting humidifiers. ing, draining, and cleaning of equipment implicated in le-

10.5.3 HVAC Reservoirs and Condensate TrayidVAC gionella transmission. Collect water samples for legionella
equipment that allows water to collect may provide a locatiorfl€tection (see Section 8) before treating implicated equipment
for microbiological growth, but the water temperature in thesd® Provide baseline information on water quality (see Section
sources typically does not encourage legionella multiplication:0) and to obtain environmental legionella isolates for com-
(see 6.1.4). Water in HVAC system reservoirs and condensafé1son with clinical isolates (see 6.2.1, 6.6.2.1). Also collect
trays likely does not present a hazard of legionella transmissiofyater samples after completion of control measures to deter-
unless there is a mechanism for bacterial aerosolization frorfline their success in reducing or eliminating legionellae (see
the source (see 6.3.4 and 6.3.5). 10.1-10.7, and Section 11).

10.5.4 Recordkeeping-Develop detailed descriptions of all 11. Follow-up of Environmental Inspections and
HVAC systems identifying the equipment in use and the parts  Epidemiological Investigations
of the faC|I|ty each unit serves. Record the d'ates and res'ults of 111 Repeat or continue cleaning and disinfection measures
equipment inspections, maintenance, cleaning, and testing. o water systems (see Section 10) until the desired environ-

10.6 Control Measures for Spas, Whirlpool Baths, and mental control of legionellae is achieved (see 5, 6.2.4, 7).
Jacuzzis-Typical water temperatures in these systems ranggontinue epidemiological surveillance for legionellosis (see
between 32 and 40°C, which is in the temperature range thaf 3 gnq 9.4) for up to 12 months after implementation of

favors legionella multiplication (see 6.1.4). See that systemgonirol measures to identify new infections as soon as possible
comply with applicable microbiological standards and recom-pould they oceur.

mended maintenance programs including biocide use and

regular (for example, weekly or monthly) cleaning. Backflush,12. Keywords

disinfect, or change water filters periodically (for example, 12.1 air-conditioning systems; epidemiological investiga-
weekly or monthly) to prevent excessive buildup of organiction; heating; legionella;.. pneumophilalegionellosis; legion-
material. Control foaming to reduce bacterial release fronellosis surveillance; Legionnaires’ disease; microbiological
bursting bubbles. Refer also to the CDC Final Recommendawater monitoring; outbreak investigation; Pontiac fever; ven-
tions to Minimize Transmission of Legionnaires’ Disease fromtilating; water-cooled heat-transfer equipment; water sampling;
Whirlpool Spas on Cruise Ships. water supplies; water systems; water system inspection
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APPENDIX
(Nonmandatory Information)

X1. SAMPLE QUESTIONNAIRES FOR INVESTIGATION OF POSSIBLE OUTBREAKS OF LEGIONNAIRES’ DISEASE

X1.1 Figs. X1.1 and X1.2 provide sample questionnaires
for use in investigations of possible outbreaks of Legionnaires’
disease.
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Interviewer's name: Interview date: /R

Interviewer’s agency: Phone:

We at ( identify the public health office ) are investigating a cluster of respiratory infections at a local
(workplace/schooVetc.). (Workplace/school/etc.) records show that you may have been absent two or more days in a row in

the past two months. If now is a convenient time, I would like to ask a few questions about your absences.

1. Name ( last): (first ):
2. Date of birth: 3. Gender: M F
4. Home phone: 5. Work phone:

6. Have you been absent two or more days in a row in the past two months because of illness?:
Yes No If No, conclude the interview, if Yes, continue with the following questions.

7. Date(s) of absence:

8. When did you first become ill?: [/

9. Have yourecovered?: Yes No If Yes, how many days were youill?: ___ days

10. Did you experience any of the following symptoms during your illness?:
Fever (38°C; 100°F): Yes No Unsure If Yes, highest temperature: ___°C ___ °F
Cough: Yes No Unsure If Yes, was the cough productive?: Yes No

11. Did you see a doctor for this illness?: Yes No

If No, conclude the interview, if Yes, continue.

12. On what date(s) did you see a doctor?:

13. What did the doctor tell you was the diagnosis?:

14. Were you admitted to a hospital?: Yes No

If Yes, what hospital, city, and when:

15. If necessary, may we contact your doctor regarding this illness?: Yes No

16. Doctor's name and phone number:

FIG. X1.1 Sample—Legionnaires’ Disease Surveillance Questionnaire
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Interviewer's name:

Interview date: /[ _/

Interviewer’s agency: Phone:

We at (identify the public health office) are investigating a cluster of respiratory infections at a local (workplace/school/etc.)
(Patient's name reports that (he/she) saw you on (date) because of an illness. I would like to ask a few questions about your
evaluation of this patient.

Patient's name: Date of birth: /[ /

1. Did the patient have pneumonia?: Yes No
If No, conclude the interview; if Yes, continue with the following questions.

2. What etiology was found for the pneumonia?:

3. Was a chest x-ray taken? Yes No Not known

If Yes, what were the findings?:

4. Was a specimen collected for culture?: Yes No Not known
If Yes, when was it collected, where was it tested, and what were the results?:

Date: /[ _/ Laboratory:

Results:

5.- Was a specimen collected specifically for legionella culture?: Yes No Not known
If Yes, what kind of specimen, when was it collected, where was it tested, and what were the results?:

Date: /I / Laboratory:

Results:

6. Was a specimen collected for legionella DFA testing?: Yes No Not known
If Yes, when was it collected, where was it tested, and what were the results?:

Date: /[ Laboratory:

Results:
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7. Was a blood sample collected for legionella serological testing?: Yes No Not known
If Yes, when was the first specimen collected, where was it tested, and what were the results?:

Date: [/ Laboratory:

Results:

If later blood samples were collected. please provide the same information for each:
Date: [/ Laboratory:

Results:

Date:; [/ Laboratory:

Results:

Date: [/ Laboratory:

Results:

8. Was a urine sample collected for legionella antigen testing?: Yes No Not known
If Yes, when was it collected, where was it tested, and what were the results?:

Date: [/ Laboratory:

Results:

FIG. X1.2 Sample—Legionnaires’ Disease Health Care Provider Questionnaire
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