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ChapterChapter 6 

Summary y 
Backgroundd Many Legionella infections are acquired through inhalation or 

aspirationn of potable water. Although approximately 25% of municipalities in the 

Unitedd States use monochloramine for potable water disinfection, the effect of 

monochloraminee on the occurrence of Legionnaires' disease has never been studied. 

Methodss We evaluated this effect with a case-control study comparing disinfection 

methodss of potable water supplied to 32 hospitals where outbreaks of Legionnaires' 

diseasee occurred with those of water supplied to 48 control-hospitals, controlling for 

selectedd hospital characteristics and water treatment parameters. 

Findingss Hospitals supplied with drinking water containing free chlorine as a residual 

disinfectantt were 10.2 times more likely to have a reported outbreak of potable water-

relatedd Legionnaires' disease than those that used water with monochloramine as a 

residuall  disinfectant (odds ratio: 10.2; 95% confidence interval: 1.4 - 460). We 

estimatee that 90% of potable water-associated outbreaks may be attributable to the use 

off  free chlorine as a drinking water disinfectant (attributable proportion 0.90: 95% 

confidencee interval: 0.29 to 0.998). 

Interpretationn The protective effect of monochloramine against Legionella should 

bee confirmed by other studies. Chloramination of drinking water may be a cost-

effectivee method for control of Legionnaires' disease at the municipal level or in 

individuall  hospitals, and widespread implementation could prevent thousands of cases. 

Introduction n 

Lachh year 8.000 to 18.000 cases of Legionnaires' disease occur in the United 

States.. 10% to 20% as part of outbreaks.1'2 Case-fatality rates in outbreaks typically 

aree 20%-40%.2 The disease is caused by Legionella, a bacterium that lives in 

symbiosiss with amoebae in the biofilm that covers the inside of water-containing pipes 

andd tanks. Legionella thrives in warm (25-42 °C) water, especially in areas where 

waterr stagnates. Transmission occurs through inhalation of a Legionella-conXaining 

aerosoll  or by aspiration of contaminated water. Most outbreaks have been traced to 

eitherr potable water or cooling towers and ecological and laboratory studies show that 

sporadicc cases are caused by the same sources/0 Most nosocomial outbreaks have 

beenn linked to a hospital potable water system that was compromised by Legionella. 

Currentt Centers for Disease Control and Prevention (CDC) guidelines recommend 

hospitalss that have identified nosocomial transmission from their water system to 

decontaminatee the water and then implement control measures aimed at preventing 
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regrowth.. These long-term control measures include increasing the hot water 

temperaturee and/or continuously injecting additional chlorine. Although these 

methodss are effective, a high water temperature increases the risk of scalding and a 

continuouss high chlorine concentration can cause corrosion of plumbing material. 

Otherr methods for control of Legionella are more expensive and have not proved to be 

moree effective than supplemental chlorination. 

Monochloraminee has been used for drinking water disinfection since 1916.' It 

iss formed when ammonia and free chlorine are mixed in water. Municipal drinking 

waterr disinfection has two stages: initial disinfection to kil l organisms in the water 

comingg into the treatment plant, and residual disinfection to maintain biocidal activity 

inn the end product throughout the water distribution system. Monochloramine's 

disinfectingg action is slower than that of free chlorine, so it is less useful for initial 

disinfection.. On the other hand it is more stable than free chlorine, so a disinfecting 

residuall  can be maintained over long distances in a distribution system, which can 

reducee cost.*  Monochloramine penetrates better into biofilm than free chlorine and it 

iss better able to kill sessile biofilm bacteria such as some Pseudomonas spp. 

Thee US Environmental Protection Agency has issued regulations to reduce 

adversee health effects, including cancer, associated with disinfectants and disinfection 

by-productss [http://www.epa.gov/OGWDW/mdbp/dbpl.html, December 4, 1998]. 

Manyy water treatment plants are considering using monochloramine instead of free 

chlorinee as a residual disinfectant because monochloramine usage minimizes the 

formationn of disinfection by-products such as trihalomethanes and haloacetic acids. 

Consensuss is that monochloramine probably poses a lower risk of cancer than free 

chlorinee when used for residual disinfection. A survey in 1989 and 1990 of municipal 

waterr utilities in the USA that serve populations greater than 50 000 found that 23% 

weree using monochloramine as residual disinfectant and that others were considering 

switchingg to monochloramine.*  Currently, a typical monochloramine-using water 

treatmentt plant uses free chlorine for initial disinfection and monochloramine for 

residuall  disinfection. 

Veryy littl e is known about the effect of monochloramine on Legionella. In the 

onlyy study that attempted to measure this effect, monochloramine was added to a 

modell  water system containing planktonic (free-floating) Legionella in sterile water. ~ 

Monochloraminee was more effective than free chlorine in this situation. There appear 

too be no data about the effect of monochloramine on amoebae. 

Inn recent investigations in which CDC participated, we noticed that Legionella 

wass isolated from many drinking water samples in three municipalities that used free 
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chlorinee tbr residual disinfection but that all sampled drinking water from four 

municipalitiess that used monochloramine was Legionella free.'1"1 All samples had 

beenn treated with sodium thiosulphate immediately after collection to neutralize the 

disinfectant.. To assess whether municipal water disinfection practices were associated 

withh risk of legionellosis. we conducted a case-control study of hospitals. 

Methods s 

Identificationn of outbreaks and case definition 

AA case was defined as a hospital in the United States that experienced at least 

onee potable water-associated Legionnaires' disease outbreak, which was reported in a 

peer-reviewedd journal, at a scientific meeting, or as an official CDC report. We did a 

MLDLIN LL literature search for all articles with "Legionella", "Legionella 

pneumophila",pneumophila", "legionellae", "Legionellaceac", "legionellosis", or "Legionnaires' 

disease""  as a keyword or as a textword in the abstract, in combination with 

"nosocomial",, "hospital", "nosocomial infection", "hospital infection", or "hospital-

acquired""  to identify all published nosocomial outbreaks of Legionnaires' disease in 

thee United States between 1977 and 1997. Whenever an abstract suggested eligibility 

forr inclusion in our study, the article was retrieved. Bibliographies of all retrieved 

articless were searched for additional pertinent articles or scientific presentations. We 

alsoo reviewed CDC archives for publications, presentations, and unpublished CDC 

reports.. We selected only those outbreaks in which the potable water system was 

implicatedd as the source by epidemiological study and confirmed by isolation of 

identicall  Legionella strains from patients and potable water. We excluded outbreaks 

associatedd with cooling towers or other aerosol-producing devices not directlv 

associatedd with potable water, but we included outbreaks associated with devices that 

hadd been contaminated directly from potable water. Information on location and time-

periodd of the outbreak was extracted from the publication. Whenever the published 

informationn was not sufficient for our study, one of the authors or the pertaining 

hospitall  infection control staff was contacted. 

Selectionn of controls 

Controlss were defined as hospitals not reported to have had potable water-

associatedd nosocomial Legionnaires' disease. We randomly selected hospitals from 

thee American Hospital Association (AHA) Guide to the Health Care Field.1 * 

Thee outbreak-hospitals were predominantly large (>200 beds) hospitals but the 

greatt majority of the hospitals listed in the AHA guide have less than 200 beds. Small 
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hospitalss may more often be located in smaller cities, which may be less likely to use 

nionochloramine.NN To avoid selecting too many small hospitals as controls, we 

category-matchedd hospitals by having more or less than 200 staffed beds. Since a 

largee proportion of the outbreaks (72%) occurred in hospitals with transplant 

programs,, and because transplantation greatly increases the risk of Legionnaires" 

disease,, we frequency-matched hospitals by having an active tissue- or organ 

transplantt program. Because the identified outbreaks occurred between 1979 and 1997 

(Figuree 1), each control was randomly assigned a year from 1979 to 1997. and 

informationn was collected about water treatment during that year. 

Case-controll  study 

Wee then identified the water treatment plant that supplied water to the pertinent 

hospital.. Within each municipality a person responsible for drinking water 

disinfectionn was contacted; a questionnaire was administered about source and 

treatmentt of drinking water supplied to the selected hospital during the period of the 

outbreakk (or. in the case of controls, the randomly assigned year). We asked for the 

totall  population served by the water utility, the amount of water produced on average 

perr day, the source of the water (ground or surface), the type of initial disinfection, the 

typee and concentration of residual disinfectant, and the pH of the finished water. 

Dataa was analyzed using the Mann-Whitney U test for continuous variables and 

Mantel-Haenszell  stratified analysis for binomial variables with the computer program 

Rpi-lnfoo version 6 (Centers for Disease Control and Prevention. Atlanta, GA. 1995). 

Wee calculated the crude odds ratio for using chlorine versus monochloramine and the 

adjustedd odds ratio controlling for hospital size and for presence of a transplant 

programm to account for the matched study design. We used maximum likelihood 

estimationn for the odds ratio and exact estimation of the 95% confidence limits. The 

attributablee proportion was estimated using the formula: 

AttnhutahiJProportionn RekillvcRlsk~' . where we substituted relative risk with the adjusted 
Rclat iveRisk k 

oddss ratio. 

Too assess possible interaction and confounding, we did multivariate logistic 

regressionn analysis using the GENMOD procedure of SAS version 6.12 (SAS Institute 

Inc... Cary. NC. 1996). All continuous variables were categorized since none satisfied 

thee linearity assumption. Starting with a full model we eliminated factors one by one. 

dependingg on their significance as conibunders or effect modifiers and on the effect of 

theirr elimination on precision of the odds ratio estimation for the main exposure 
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variable.. Hospital size and presence of a transplant program were kept in the model to 

accountt for the study design. 

Results s 

Wee found 31 publications.1, four presentations, ' and one 

unpublishedd CDC report (B.J. Marston, personal communication) describing 32 

nosocomiall  outbreaks of Legionnaires' disease in which potable water was implicated 

ass the source by epidemiological study and by laboratory analysis. The outbreaks 

occurredd from 1979 to 1997 (Figure 1). Figure 2 shows the geographical distribution 

off  the outbreaks. Twenty-nine were apparently associated with inhalation of 

contaminatedd aerosol from showers or faucets, or with aspiration of the water: two 

weree traced to cleaning of respiratory devices with tap water, one was associated with 

consumptionn of contaminated ice made from tap water, and one was associated either 

withh a cooling tower directly contaminated with potable water or with potable water 

aerosols.. One outbreak involved surgical wound infections with Legionella as well as 

casess of Legionnaires' disease. 

Nonee of the municipalities had changed the water disinfection process during 

thee period of the outbreak. Thirty-one outbreaks occurred in hospitals supplied with 

waterr containing only free chlorine for residual disinfection. The only other outbreak 

occurredd in 1981 in Denver, which had used monochloramine for both initial and 
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Figuree 1: Potable water-associated nosocomial Legionnaires' disease outbreaks identified 
throughh literature review in the United States, by year. Solid bars represent hospitals 
suppliedd with free chlorine-containing water, the shaded bar is the hospital that was 
suppliedd with monochloramine-containinq water. 
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residuall  disinfection since 1917. This outbreak involved 3 patients in 1981: one 

additionall  case-patient was identified in 1983." The main intervention consisted of 

removall  of five large water tanks in which warm water stagnated for periods of up to 

onee week, and installation of instantaneous water heaters. 

Case-controll  study results 

Wee randomly selected 50 control-hospitals. One control hospital was supplied 

withh potable water that was disinfected with chlorine and monochloramine 

alternatingly,, another was supplied with water disinfected with chlorine dioxide. 

Thesee two hospitals were excluded from the statistical analysis. Private wells supplied 

onee case-hospital and one control-hospital; hospital facility staff provided information 

onn these water supplies. The geographic distribution of cases and controls is shown in 

Figuree 2. 

Case-- Residual Control-

Hospitalss disinfectant hospitals 

 Free chlorine O 

II Monochloramine D 

AA Other A 

Figuree 2: Geographical distribution of hospitals with reported Legionnaires' disease 

outbreakss associated with potable water and of randomly selected control-hospitals. Some 

overlappingg points were dispersed to improve legibility. 
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Characteristi c c 

Hospita ll  characteristic s 

Numberr of municipal water 
distributionn systems 

Outbreak --
hospital ss  (n=32) 

26 6 

Control --
hospital s s 
(n=48*) ) 

45 5 

Adjuste d d 
OR R 

(95%% CI) 

2000 beds or more 

Transplantt program 

Mediann year (range) 

Residua ll  disinfectan t 
Freee chlorine 

Monochloramine e 

Mediann free chlorine 
concentrationn (range) ^ 

Mediann monochloramine 
concentrationn (range)11 

Initia ll  disinfectan t 

Freee chlorine 

Monochloramine e 

Alternatingg chlorine/ 
monochloramine e 

Ozone e 

Waterr  sourc e 

Surface e 

Ground d 

Mixx of surface/ground 

Mediann no. of persons supplied 
byy water utility (range) 

Mediann pH of finished water 
(range) ) 

31 1 

233 (72%) 

1988.5(79-97) ) 

31 1 

1 1 

0 .55(0 .0 -1 .8 ) ) 

1 .0(1 .0-1 .0) ) 

31 1 

1 1 

0 0 

0 0 

22 2 

5 5 

5 5 

242,500 0 

(5,000--
4,000,000) ) 

7 .6(7 .0-- 10.0) 

46 6 

355 (73%) 

1988(79-97) ) 

36 6 

122 * 

0 . 6 ( 0 . 0 --
2.1) ) 

2 . 7 ( 1 . 5 --
4.3). . 

43 3 

3 3 

1 1 

1 1 

33 3 

10 0 

5 5 

198.000 0 

(3,500--
9,000,000) ) 

7 .8(7.0--
10.5) ) 

10.2 2 
(1.4-460) ) 

1.0§ § 

2.1 1 

(0.16-114) ) 

1.0§ § 

Excluded d 

Excluded d 

Table:: Characteristics of case- and control-hospitals and their municipal water suppliers. Not 
includingg one hospital supplied with water containing chlorine dioxide and one hospital 
suppliedd with chlorinated water as well as chloraminated water from separate water treatment 
plantss that supplied one water distribution system. Abbreviations and footnotes: CI, 
confidencee interval; OR, odds ratio; | , Mann-Whitney U test; $, including one hospital 
suppliedd with water that contained free chlorine for two weeks per year; §, reference category; 
fl,fl, values are calculated for those water systems that used this disinfectant and are the water 
treatmentt specialist's estimate of the concentration at the location of the hospital. Free 
chlorinee concentration is in mg/L, monochloramine concentration is expressed as mg/L 
combinedd chlorine; ||, analyzing the proportion surface water as a continuous variable. 
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Waterr supplied to case- and control-hospitals was similar with respect to water 

source,, size of population supplied by the water plant. pH, and all other water 

treatmentt parameters (Table). 

Case-hospitalss were more likely than controls to be supplied with water 

containingg free chlorine as a residual disinfectant (crude OR = 10.1: 95% confidence 

intervall  [CI] - 1.4 - 456. adjusted OR 10.2: 95"„  CI = 1.4 - 460). 

Inn the logistic regression analysis the following factors did not contribute 

significantlyy to the model and were eliminated: time of the outbreak (or randomly 

assignedd year for controls), population supplied by the water plant, amount of water 

producedd by the plant, type of initial disinfection, type of source water (surface or 

ground),, concentration of the residual disinfectant, the interaction term of "type of 

residuall  disinfectant" and concentration, pH of the finished water, and the interaction 

termm of pH and type of residual disinfectant. The only factor that was significant was 

typee of residual disinfectant. Although neither hospital size nor presence of a 

transplantt program contributed significantly, these factors were kept in the model to 

accountt for the matched study design. Using this logistic regression model, we found 

ann adjusted odds ratio of 10.8 (95% CI = 1.9 to 203) for use of free chlorine vs. 

monochloraminee as residual disinfectant. 

Becausee in the stratified analysis some cell values were small or zero, we 

considerr the adjusted odds ratio derived using the maximum likelihood estimation and 

exactt confidence interval as the best estimation. The attributable proportion estimated 

fromm this odds ratio was 0.90 (95% CI = 0.29 - 0.998). suggesting that approximately 

90%% of nosocomial potable water-associated Legionnaires' disease outbreaks could be 

preventedd if every municipality would use monochloramine as a residual disinfectant. 

Discussion n 

Ourr results show that use of monochloramine for residual drinking water 

disinfectionn was associated with a lower likelihood o\" potable water-related 

Legionnaires'' disease outbreaks. More precisely, we found that hospitals supplied 

withh water containing only free chlorine were 10.2 times more likely to experience a 

potablee water-associated outbreak that was subsequently investigated and reported in a 

peer-reviewedd journal, at a scientific meeting, or as a CDC report. 

Ourr finding is supported by laboratory tests frequently recovering Legionella 

fromm chlorinated municipal water1'''1"" ' but not from chloraminated water141"1 in 

recentt CDC-assisted investigations. Monochloramine diffuses better into areas of 
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stagnantt water because oï its slower decay, and it penetrates better into biofilm. 

Therefore,, it mav be more effective in the biological niche of Legionella, while its 

effectivenesss against planktonic Legionella has also been reported. ~ Activity of 

monochloraminee against amoebae has not been studied but may be important. 

Studvv limitations 
Hospitalss were classified as cases or controls depending on whether outbreaks 

hadd been detected, investigated, and reported. Some of the control municipalities may 

havee actually experienced legionellosis outbreaks that were never detected or reported, 

resultingg in misclassification. However it is reasonable to assume that, for any given 

outbreak,, the likelihood of a hospital detecting and reporting this outbreak is 

independentt of the municipal disinfection method because, to our knowledge, this 

publicationn is the first report of an association between municipal disinfection and risk 

off  Legionnaires' disease. Therefore, non-detection and non-publication of outbreaks 

leadss to non-differential misclassification and can only introduce a bias toward the 

null.. In other words, it will lead to underestimation of the protective effect of 

monochloramine.. The same is true for misclassification of case-hospitals due to 

incorrectt identification of potable water as the source of transmission. Likewise, 

individuall  hospital characteristics associated with risk of contamination of hospital 

waterr systems, such as temperature setting of the hospital water heaters and additional 

waterr treatment (e.g. copper-silver systems) by the hospital, are all independent of the 

choicee of disinfectant by the municipal water authority and wil l result in a bias toward 

thee null. We preferred to work with this nondiffcrential misclassification rather than 

intervieww each hospital, because that would have introduced a reporting bias. 

AA potential confounder could be the association between the size of the 

municipall  water system and the size and number of hospitals it serves. The need to 

maintainn adequate levels of residual disinfectant over longer distances sometimes is a 

reasonn for large-area water utilities to choose monochloramine. At the same time, risk 

factorss for nosocomial outbreaks include hospital size1""" 1 and the presence of 

immunocompromisedd patients, especially transplant recipients."" Large tertiary-care 

hospitalss are also more likely to be university-affiliated and to have staff interested in 

publishingg in peer-reviewed journals. However, as a result of the matched design of 

thee study, case- and control-hospitals were similar with regard to hospital size and 

"havingg a transplant program", and municipal water treatment plants supplying case-

hospitalss were of similar size as those supplying controls (Table). 

Thee proportion of municipalities using monochloramine varies by geographic 

locationn and may be highest in the Southeast.*  although none of our control-hospitals 
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inn the Southeast were supplied with ehloraminated water (Figure 2). There also are 

regionall  differences in the incidence of Legionnaires' disease outbreaks, with the 

lowestt incidence in the Southeast." We were concerned that matching by geographic 

areaa could have resulted in overmatching because the geographic variation in disease 

incidencee may actually be caused by regional differences in drinking water 

disinfectionn practices. Excluding the Southeast from our analysis would evidently 

havee resulted in a higher odds ratio estimate. In addition, regulation of hospital water 

temperaturee for control of scalding injuries, by State health departments, likely is not 

correlatedd with choice of drinking water disinfectant by municipal water authorities 

andd therefore should not have been a confounder in this study. 

Implications s 

Usingg monochloramine can be inexpensive; it involves installation of 

automatedd injection devices for ammonia and chlorine, and training of staff. A 1990 

surveyy of four municipalities found that switching from free chlorine to 

monochloraminee cost $5,000 to SI85.000/ The higher of these four costs was 

incurredd because that facility's building had to be expanded to house the additional 

equipment.. Ammonia was purchased at a cost of SO.75 to S6.16 per million gallons of 

waterr treated. 

Chloraminationn of individual hospital water systems for control of nosocomial 

legionellosiss is an option that deserves further evaluation. It is possible to install a 

chloraminationn booster station in a chlorine-using water system to chloraminate only a 

smalll  part of that system, such as a hospital campus. This method may compare 

favorablyy to other options: it will cause less corrosion than continuous supplemental 

chlorination.**  will not increase risk of scalding, and may be simpler, more effective, 

andd cheaper than other long-term disinfection methods. 

Too our knowledge, this is the first report of a protective effect of 

monochloraminee on potable water-associated Legionnaires' disease. This finding will 

needd to be confirmed by other studies. The decision by municipal water authorities to 

switchh to monochloramine depends on many complex factors; prevention of 

Legionnaires'' disease may become an additional argument in favor of this switch. 

Mostt cases of Legionnaires' disease are sporadic, but, like outbreaks, many sporadic 

casess have been linked to potable water. It is estimated that 8.000 to 18.000 cases of 

Legionnaires'' disease occur in the United States annually. If we assume that at least 

halff  of all Legionella infections are acquired from potable water, 90% of these, or 

3.6000 to 8.100 cases, would be prevented annually in the United States if all 
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municipalitiess would use monochloramine. If overall mortality is 25%." this could 

resultt in prevention of 900 to 2.025 deaths per year. 
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Addendumm to Chapter 6 
Thee author of this thesis lias collaborated in a number of follow-up studies to 

evaluatee the potential value of monoehloramine for prevention of Legionnaires" 

disease: : 

 The CDC's Respiratory Diseases Branch and Hospital Infections Program 

collaboratedd with the Society for Healthcare Epidemiology of America in a survey 

off  more than 400 hospitals. Hospitals were asked about occurrence of cases of 

Legionnaires'' disease among their patients and this data was correlated with 

municipall  water disinfection practices. The results continued the protective effect 

off  monoehloramine against Legionnaires' disease (J. Heffelfinger. S.K. Fridkin. 

J.L.. Kool. V. Fraser. J. Hagernan, B. Kupronis, L. Zell. C'.G. Whitney. Association 

betweenn monoehloramine use by municipal water treatment plants and nosocomial 

Legionnaires'' disease. 4" Decennial International Conference on Sosocomial and 

Healthcare-AssociatedHealthcare-Associated Infections. Atlanta. March 5-9. 2000). 

 Assisted by Pathcon Laboratories of Norcross. Georgia, a hospital in Washington 

DCC did a pilot study with a prototype small-scale monoehloramine injector device 

(Donegann N, Pic-Aluas L. Witherell L. She 1 ton B. Kool J. Flanders D. Short trial 

off  monoehloramine for control of Legionella in a hospital setting. 4" Decennial 

InternationalInternational Conference on Nosocomial and Healthcare-Associated Infections, 

Atlanta.. March 5-9.2000).. 

 CDC' is setting up a water sampling study to compare prevalence of Legionella 

contaminationn of water systems (of hospitals as well as private homes and hotels) 

beforee and after implementation of residual disinfection with monoehloramine. 

Severall  large metropolitan water systems have been identified that are planning to 

switchh from free chlorine to monoehloramine. Water will be sampled 

systematicallyy before and after the switch and will be tested for presence of 

Legionella. Legionella. 
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