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Chapterr 7: General discussion 

Controll  of Legionnaires' disease has been hampered by two 

deeplyy rooted misconceptions among clinicians and public health 

officials: : 

Misconceptionn #1: "Legionnaires ' disease is rare " 

Legionnaires'' disease is, in fact, among the three or four most common causes 

off  community-acquired pneumonia in many industrialized countries. Studies that 

evaluatedd the etiologies of severe community-acquired pneumonia (CAP) found 

LegionellaLegionella to be the causative agent in about 8% of cases (range: 2%-16%).M I 

Moreover,, in about half of all CAP cases, an etiologic agent is not identified even with 

comprehensivee diagnostic testing. The steady stream of reports of newly discovered 

pathogenicc Legionella species and LegioneIla~\\kc organisms (LLOs) is an indication 

thatt many more strains are not yet known and therefore cannot be diagnosed at this 

time.. Therefore it is very well possible that this proportion may in reality be higher 

thann 8%. In a study to assess the role of LLOs in community-acquired pneumonia, 

19%% of patients with pneumonia of unidentified etiology demonstrated a > fourfold 

risee in antibody titer to > 1:128 to at least one of the LLOs tested*.12"13 

Inn the United States, 2-3 million cases of CAP occur each year, of which 

500.0000 are so severe that they need to be hospitalized.2 Littl e data are available on 

thee proportion of less severe CAP caused by Legionella: proportions ranging from 0% 

too 12% have been reported. " It seems reasonably conservative to assume that at 

leastt 8% of severe CAP and 4% of less severe CAP are caused by Legionella or 

Legionella-UkeLegionella-Uke organisms. This would imply an annual incidence of 100,000 to 

140,0000 cases of Legionnaires" disease, including 40,000 severe cases requiring 

hospitalization. . 

Thee number of Legionnaires' disease cases detected by passive surveillance is 

invariablyy much lower, likely because most cases are never diagnosed.19 By deciding 

**  This was a non-blinded serological investigation with the inherent potential of cross-
reactionreaction and luboratorian bias; therefore the exact proportion of CAP caused hv Legionella-
likelike organisms remains uncertain. 
'>''>'  Many CDC publications, including some chapters in this thesis, use estimates of'X.000-
IX,000IX,000 1 or J 7.OOO-23.0OO cases of severe community-acquired Legionnaires ' disease 
requiringrequiring hospitalization; in view of'the above-presented information this mav he an 
underestimate. underestimate. 
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thatt it is not necessary to request diagnostic tests tor Legionella because they assume 

thatt Legionnaires" disease is rare, physicians are unconsciously perpetuating the 

viciouss circle. 

Misconceptionn #2: "In most cases the diagnosis of Legionnaires ' disease can 

hehe made or excluded on the basis of the clinical picture " 

Whenn Legionnaires*  disease had just been discovered, it was thought to be one 

off  the "atypical pneumonias'", characterized by a distinct clinical syndrome and 

accompaniedd by specific electrolyte disturbances and X-ray presentation. In later 

yearss it has become apparent that this is not correct. Numerous well-designed studies 

lookingg at predictive value of various combinations tit clinical symptoms and chest 

radiographh presentations have found that Legionnaires" disease cannot be 

distinguishedd from pneumonia due to other pathogens on clinical grounds: specialized 

laboratoryy tests are necessary/' "" ^ 

Thesee misconceptions probably result in unnecessary morbidity and mortality: 

itt is likely that many patients are not adequately treated for their Legionnaires' disease 

andd that outbreaks of Legionnaires' disease are missed. In this thesis I have presented 

ann outbreak that continued unrecognized, probably for more than 18 years, with a 

fatalityy rate of 48%."' In another investigation reported in this thesis, ongoing 

transmissionn in multiple hospitals was only recognized after introduction of the 

LegionellaLegionella urinary antigen test." 

Whatt should be done to reduce morbidity and mortality due to 
Legionella? ? 

Surveillance e 

Mostt important is that diagnostic tests for Legionella should routinely be 

requestedd whenever an effort is made to identify the causative agent in community-

acquired-- as well as nosocomial pneumonia. This will assure appropriate treatment, 

timelyy recognition of outbreaks, and a realistic impression of the burden of disease 

causedd by Legionella. Medical schools and public health authorities should play a 

leadingg role in changing physicians' knowledge and attitudes. 

Manyy physicians still are unfamiliar with the advantages that the urinary 

antigenn test offers. In this thesis we have shown that introduction of this test can lead 

too recognition of previously unrecognized outbreaks and cases." The test is rapid and 
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itt can detect approximately 70% of prevalent Legionella strains with a sensitivity of 

80%% to 90% and a specificity of >99%; this probably makes it the most reliable test 

availablee today."""" An immediate bedside test for Legionella urinary antigen 

(BINAXX NOW), which will soon become commercially available, has similar 

sensitivityy and specificity." " Culture of respiratory secretions on special media has 

thee advantage that it can detect more species and serogroups of Legionella but 

unfortunatelyy the sensitivity of this technique varies significantly depending on the 

levell  of expertise of the clinical laboratory and the quality of growth media. Thirty 

percentt of otherwise sophisticated laboratories are not able to recover Legionella from 

aa pure culture,"̂  and one study reported a sensitivity of culture of routinely handled 

specimenss of only 11%.' Nevertheless, culture is a valuable diagnostic test, 

especiallyy when used in combination with the urine antigen test. Culture also has the 

advantagee that Legionella strains can be compared to environmental isolates during 

outbreakk investigations to help identify the source. Physicians should be aware that 

LegionellaLegionella serology has limited value in clinical practice. 

Publicc health authorities should promptly investigate clusters of Legionnaires' 

disease.. Such investigations may uncover instances where guidelines are not properly 

adheredd to, as illustrated in Chapter 3 of this thesis. This thesis has also presented two 

investigationss in which unexpected and previously unknown sources were implicated 

(aa sump pump and a carpet cleaner).31'26 Even when all Legionella prevention 

guideliness are followed, such unknown sources will continue to cause disease until 

theyy are implicated by an epidemiological and microbiological investigation. This 

thesiss also illustrated the importance of epidemiology and the limitations of 

microbiologyy in the investigation of legionellosis outbreaks (Chapter 3). 

Pneumoniaa case management 

Whenn a physician decides that it is not necessary to determine the etiologic 

agentt of CAP, as happens in the majority of cases, patients should receive empiric 

antibioticc treatment that covers all common causes of CAP, and this includes 

Legionella.'Legionella.' This rules out empiric treatment with p-lactam antibiotics unless they are 

combinedd with a macrolide or a quinolone. 

Environmentall  control measures. 

Manyy texts about optimal environmental prevention strategies have been 

written.. The aim is to reduce the prevalence of pathogenic Legionella strains in the 

environment.. One approach could be widespread testing of drinking water and of 

high-riskk devices such as wet air-conditioning devices and whirlpools for presence of 

LegionellaLegionella and then implementing control measures whenever the bacterium is found. 
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Thiss approach has significant practical drawbacks. Legionella is a ubiquitous 

organism:: it is found in most natural waters, in up to 32% of residential home water 

systems,, and in up to 100% of larger hospitals (this thesis) or 68% of all hospitals in 

somee areas." '~1~'11 Investigators frequently report recovery rates of Legionella from 

coolingg towers in excess of 50%. Therefore. Legionella contamination can be so 

commonn that individually testing all potential sources seems unnecessary. Moreover, 

microbiologicall  methods for Legionella testing of environmental samples have only 

moderatee sensitivity, and Legionella shedding fluctuates considerably over time.1 ~° 

AA negative environmental sampling result therefore has very limited predictive value. 

Virulencee is not the same for all Legionella strains, therefore a positive result may not 

invariablyy indicate a risk of infection.1,'"" ' As mentioned in the introduction and 

illustratedd in this thesis, the measured concentration of Legionella bacteria probably is 

nott a useful parameter to predict risk of transmission, ' except perhaps for cooling 

towers.'1' ' 

Itt would be better to implement control measures aimed at creating an 

unfavorablee environment for Legionella, before even considering testing 

environmentall  samples. Monitoring disinfectant levels and water temperatures is 

muchh simpler and cheaper, and likely gives a more reliable prediction of the risk of 

Legionnaires11 disease than environmental sampling for the bacteria. 

Thee United Kingdom, for example, has excellent guidelines in place for 

preventionn of Legionella contamination of building water systems and cooling 

towers.11 These guidelines emphasize proper design of building water systems while 

de-emphasizingg the value of water testing for Legionella. The British prevention 

approachh seems to have had considerable success in decreasing the incidence of 

nosocomiall  Legionnaires1 disease. ' Whenever Legionella continued to be recovered 

inn UK hospitals this could be attributed to poor compliance with the guidelines. ~ In 

thee United States, the CDC have placed emphasis on detecting and investigating cases 

off  Legionnaires1 disease. ' and another group emphasize environmental sampling for 

Legionella.Legionella. The disagreement among US experts has hampered widespread 

implementationn of effective control measures in that country. 

Thee only cost effective approach to protect an entire population from potable 

water-associatedd Legionnaires'' disease likely is residual disinfection of municipal 

drinkingg water. In this thesis we reported that inonochloramine. in concentrations 

commonlyy used in municipal drinking water, appears to prevent Legionnaires1 

disease// ' ' and this was later confirmed by another studv. Water treatment 
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authorities,, therefore, should preferably use monochloramine for residual drinking 

waterr disinfection. 

Publicc awareness campaigns should advise citizens to maintain a hot water 

temperaturee of at least 122° F 50° C in their home water systems unless the 

inhabitantss are prone to scald injuries. Regulations governing hotels, swimming pools, 

andd other public places that have large hot water systems should also require this 

minimumm temperature and should decree systematic removal of dead legs and other 

necessaryy adaptations to the water system. Operators of cooling towers should adhere 

too published guidelines for routine maintenance and should regularly monitor biocide 

levels.4"11 Whirlpool spas are difficult to protect from Legionella colonization; private 

ownerss of these devices should be made aware of their inherent risk, and public spa 

operatorss should be required to follow a rigorous preventive maintenance program. 

AA number of outbreaks have occurred that were caused by whirlpool spas on display in 

shopss or at trade shows. ° This has shown that whirlpools can be just as dangerous 

whenn nobody bathes in them, and operators should maintain as rigorous a maintenance 

programm as for whirlpools that are used for bathing. Whenever displayed whirlpools 

aree operating and filled with water, the water temperature should be kept below 60° F ' 

20°° C. Whirlpools should e designed so that no water will remain in the piping when 

theyy are drained. 

Ass stated above, microbiological testing of environmental samples has limited 

valuee for prevention of Legionnaires' disease because Legionella contamination is 

widespread.. Environmental sampling could, however, play a role in the evaluation of 

thee effectiveness of control measures. In situations where cases of Legionnaires' 

diseasee have been detected, environmental sampling in combination with 

epidemiologicall  investigation is necessary to help identify the source. 

Proposall  of a simple rule for prevention of nosocomial legionel losis using risk profiles 

off  hospitals 

Thee CDC have been reluctant to recommend sweeping measures to prevent 

waterr system contamination with Legionella for all hospitals because of the concern 

thatt this could force hospitals to incur large expenses while not all hospitals seem to be 

att equal risk of nosocomial transmission. 

Wee have shown, as have a multitude of other researchers, that transplantation 

greatlyy increases the risk of nosocomial Legionnaires' disease transmission. Other 

immunocompromisingg conditions, such as cancer, chronic kidney disease, or AIDS 

havee been reported less frequently as a risk factor. In a survey of hospitals 

participatingg in the National Nosocomial Infections Surveillance System, hospitals 
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caringg for bone marrow or organ transplant patients were more than twice as likely to 

reportt nosocomial Legionnaires" disease than hospitals without a transplant program.4' 

AA survey of hospitals in 1985 found the same risk ratio.̂  Size of hospitals is another 

riskk factor, as reported in this thesis and other publications/ 1% A literature review 

presentedd in this thesis found that 3 1 of 32 hospitals with published nosocomial 

outbreakss had 200 staffed beds or more. ' while over two-thirds of US hospitals have 

lesss than 200 staffed beds/"1 In the same study. 23 of 32 hospitals with published 

outbreakss had a transplant program; according to data from the American Hospital 

Associationn only 10% of all US hospitals have an active transplant program. 

Thee fact that hospital size and transplantation have repeatedly been implicated 

ass major risk factors for Legionella transmission makes a risk categorization of 

hospitalss possible: 

Categoryy 1 (low risk): 

Hospitalss with fewer than 200 staffed beds that do not have an organ- or bone marrow 

transplantt program. 

Categoryy 2 (high risk): 

Hospitalss with 200 staffed beds or more and hospitals with active bone 

marroww or organ transplant programs or with significant numbers of 

otherr types of immunocompromised patients. 

Alll  hospitals should be required to have adequate clinical surveillance for 

Legionnaires'' disease. As mentioned earlier, this means that physicians should 

routinelyy request appropriate Legionella diagnostic tests for pneumonia patients and 

positivee results should be reported to infection control staff. Hot water temperature in 

alll  hospitals should be at least 122° F / 50° C in all patient rooms. Cold water 

temperaturee should be below 60° F / 20° C. 

Hospitalss in category 2 should in addition be required to take additional and 

exhaustivee measures to prevent Legionella growth. This should include changes to the 

waterr system such as replacing hot water tanks with instantaneous water heaters and 

systematicc removal of dead legs. Many of the necessary water system changes were 

discussedd in this thesis/1 the UK. guidelines also give a comprehensive list of 

TheThe number oj'200 heels should he seen as a hallpark figure; another number might be 
chosenchosen if more information comes available or after experience is gained with practical 
applicationapplication of this rule. 
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importantt design requirements.' In addition to maintaining a high water temperature, 

thesee hospitals should ensure and monitor an adequate residual disinfectant 

concentrationn in their water system. Adequate residual concentrations are > 1.0 mg/L 

freee chlorine and (probably) > 1.5 mg/L monochloramine." ' ",' '' '̂  These 

concentrationss should be attained at all points of use (showers, faucets, etc.). Many 

hospitalss supplied with chloraminated municipal water would not need to do anything 

too achieve the required concentration, but most hospitals located in free chlorine-using 

municipall  water systems would need to install chlorine injection equipment. A 

copper-silverr ionization system in combination with a minimum free chlorine 

concentrationn of 0.5 mg/L probably is also appropriate. Limited data is available 

aboutt minimal inhibitory levels of other disinfectants such as chlorine dioxide and 

ozone;; additional studies may be necessary for these disinfectants. 

Hospitalss in category 2 might also be required to test their water for Legionella 

att regular intervals (e.g. 2 to 4 times per year) as one method to evaluate the 

effectivenesss of the control measures. When Legionella is found in these hospitals 

thenn adherence to the aforementioned guidelines will need to be evaluated and 

corrected.. However, negative environmental microbiology results do not mean that 

LegionellaLegionella is totally absent and microbiological testing should never replace regular 

monitoringg of water temperatures and disinfectant concentrations in patient rooms, as 

wass also illustrated in this thesis.2627 Laboratories examining environmental samples 

forr Legionella should be subject to a program of quality assurance. 

Thee above measures are simple, less expensive and probably more effective 

thann other strategies, and will undoubtedly result in a considerable decrease of 

nosocomiall  Legionella infections in the United States. They should become part of 

standardd hospital licensing regulations. 

LegionellaLegionella in The Netherlands 
Incidencee of Legionnaires' disease 

Inn the Netherlands, the proportion of Legionel la-caused CAP probably is 

similarr to that in the US and other industrialized countries. A prospective study of 

CAPP requiring hospitalization in 1991-1993 found Legionella to be the causative agent 
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inn approximately 5% of those eases that were tested for Legionella infection .'" 

However,, this paper only used serology for detection of Legionnaires' disease and the 

timee between collection of acute- and convalescent phase sera varied from 2 to 6 

weeks.. It can take 8 weeks or longer for Legionella seroconversion to occur. 

Thereforee this study probably did not detect all Legionella infections. A retrospective 

analysiss of patients hospitalized for pneumonia in The Netherlands found Legionella 

too be the causative agent in three (5%) of 62 cases of severe CAP. That study also 

reliedd on serology for the diagnosis of Legionnaires" disease, and apparently this was 

nott performed for every patient. The results of the above studies suggest that 

LegionellaLegionella causes a similar proportion of CAP as in other countries, which is generally 

estimatedd around 8% (see also the General Introduction). About 1 10.000 cases of 

CAPP occur each year in The Netherlands, of which approximately 12,000 are 

hospitalized.""  Follow ing the same calculation as that used for the US in the first part 

off  this chapter, in The Netherlands there would be approximately 5.300 cases of 

Legionnaires'' disease per year, including about 1.800 severe cases. This is a 

conservativee estimate. 

Anotherr way to estimate the true incidence of Legionnaires' disease is by 

lookingg at the rate of underreporting/1 Approximately 0.26 cases of Legionnaires* 

diseasee per 100.000 persons are reported through passive surveillance in The 

Netherlands.. This is similar to the reported rate in the US (-0.2 per 100,000).'" 

Prospectivee studies from the US have indicated that the true incidence may be 30-50 

timess higher because most cases are probably never diagnosed."'"' In The Netherlands 

evenn more cases may be missed because, until recently. Dutch physicians were trained 

too only test for Legionella when there was "clinical evidence" of Legionnaires' disease 

orr if the patient had recently returned from foreign travel.s Introduction of the urinary 

TheThe main results table of thai paper lists the proportion canned hy Legionella as 2" >,. 
However,However, the denominator for that percentage includes patients who were not tested for 
LegionellaLegionella infection. From the text it can he inferred that among patients that were tested for 
Legionella.Legionella. 5"<>  had a positive result. This proportion was confirmed hy one of the authors of' 
thethe paper (personal communication R. Bohte. Xovcmhcr 1999). 

WhenWhen comparing the Dutch figures to the L'S numbers one notices that in The S'etherlands 
aboutabout 10" n of CAP cases are hospitalized, while this is approximately 20" n in the L'S. This 
probablyprobably reflects a lower threshold for hospitalization in the i S. not a higher proportion of 
severesevere cases, since in the I S the fatality ratio oft AP is approximately 2" <,' compared to 5" <> 
inin The Setherlands. Tor the purpose of this calculation, it was assumai that in both 
countriescountries about 20",, of C 'AP cases can be classified as severe CAP and that the contribution 
ofof Legionella for this group is S"„. Tor the remaining less severe ( AP cases, it was assumed 
thatthat the proportion caused by Legionella is 4"<>. 
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antigenn test has not been as quick as in some other countries. s A guidebook published 

byy the main health insurance organization in The Netherlands in 1997 did not mention 

thee urine antigen test: it recommended the use of paired serology for diagnosis of 

Legionnaires'' disease, but only in case of clinical suspicion for the disease. It stated 

thatt a period of 2 to 3 weeks between collection of acute- and convalescent-phase sera 

wass sufficient ^ however. 6 to 9 weeks is what is generally recommended by other 

texts."""  As discussed in the introduction, serology rarely leads to diagnosis of 

Legionnaires""  disease cases and this was also illustrated in one of the investigations 

reportedd in this thesis." During a large outbreak of Legionnaires' disease at a Hower 

showw in February 1999, none of the local hospitals where patients were admitted had 

thee urinary antigen test at hand.' It is therefore clear that the rate of under-diagnosis 

inn the Netherlands can be expected to be similar or worse than in the United States. 

Againn the conclusion is that several thousand cases of Legionnaires*  disease occur in 

Thee Netherlands each year. 

Inn 1998, the number of reported cases of Legionnaires' disease per 100,000 

personss was 8 to 30 times higher in Germany. Denmark, the United Kingdom, and 

Francee than in The Netherlands.' It appears that these countries have been quicker to 

adoptt the urinary antigen test as a routine diagnostic tool, ~'1'' and physicians may have 

aa higher index of suspicion for the disease. It seems unlikely that climate, geography, 

drinkingg water quality, or local ecology of Legionella would account for the large 

differencesdifferences between these European countries. 

Diagnosiss and treatment of community-acquired pneumonia in The Netherlands 

Ass mentioned, acceptance of the Legionella urinary antigen test has been slow 

amongg Dutch physicians." ' likely resulting in under-diagnosis of cases. This thesis 

hass illustrated the importance of this test." It should become one of the tests of first 

choicee for patients with community-acquired as well as nosocomial pneumonia. 

AA new rapid bedside urinary antigen test has been developed, which has a 

sensitivityy and specificity similar to the "classic" HLISA and RIA urinary antigen 

tests."'' " Widespread use of this test by general practitioners could significantly 

reducee the problem of under-diagnosis and prevent therapy with ineffective 

antimicrobiall  drugs. 

Guideliness for empiric treatment of CAP in The Netherlands, published in 

1998.. are different from published US and UK guidelines." The Dutch guidelines 

recommendd drugs (such as amoxycillin) that have no activity against Legionella and 

suggestt that clinicians can stili consider the diagnosis Legionnaires' disease when 

theree is no improvement after 48 hours.' Delay of appropriate treatment of 
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Legionnaires'' disease, however, is associated with higher mortality. ° The 

aforementionedd guidelines may have been based on the incorrect premise that 

legionellosiss would be rare in The Netherlands. Because Legionella spp.. Chlamydia 

pneumoniae,pneumoniae, and Mycoplasma pneumoniae cause a significant proportion of CAP in 

Thee Netherlands, guidelines for empiric treatment should be amended to include drugs 

withh activity against these pathogens as well as against pneumococci and Haemophilus 

influenzae.influenzae. Good drug choices include macrolides (azithromycin or erythromycin: 

mayy also be combined with a (3-lactam antibiotic), the newer quinolones 

(levofloxacin).. and doxycycline." 

AA prospective population-based study should be done to determine with more 

certaintyy the relative importance of various infectious agents in the etiology of CAP in 

Thee Netherlands, and this study should employ the latest diagnostic methods available. 

LegionellaLegionella in Dutch drinking water 

Community-basedd and nosocomial outbreaks as well as sporadic cases have 

beenn reported in The Netherlands, and identified sources included the usual suspects: 

potablee water, cooling towers, whirlpool spas.1""° 

Thee majority of the Dutch population is supplied with drinking water that does 

nott contain any residual disinfectant. This is done to minimize formation of 

potentiallyy unhealthy disinfection by-products and to address consumers' demands for 

aa good taste.74 Dutch drinking water authorities believe that residual disinfection is 

nott necessary provided that good engineering practices are used to produce "bio-

stable""  water (i.e. water with such a low nutrient content that bacterial growth is not 

supported)) and that plumbing materials are selected that minimize biofihn formation. 

Otherr experts in the field of drinking water treatment have argued that it is safer to 

alwayss to use a residual disinfectant. ° 

Inn an interview published early 1999. Dutch drinking water treatment 

authoritiess stated that 'ua littl e more than 45" cases of Legionnaires" disease occur 

annuallyy in The Netherlands, implying that Dutch drinking water is much safer when it 

comess to Legionella than, for example. United States water."'1 As discussed in this 

thesis,, the number 45 is based on passive surveillance, which suffers from significant 

under-reporting;; it is more likely that several thousand cases of Legionnaires" disease 

occurr annually in The Netherlands and indications are that incidence of Legionnaires' 

diseasee is at least as high as in the United States. 

Thee author of this thesis is skeptical about the notion that the Dutch drinking 

waterr policies are safe with regards to Legionella. Sessile biofilm bacteria such as 

LegionellaLegionella are capable of sunning in very nutrient-poor environments. Potable 
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water-associatedd outbreaks occur in The Netherlands. " "'" ' implying that Legionella 

cann enter Dutch water systems and that it can amplify to dangerous concentrations. A 

large-scalee sampling study of Dutch potable water systems in 1988 found that 

approximatelyy 30% contained Legionella. Other studies done in the early 80's in 

Thee Netherlands reported recovery of Legionella from at least one site within 42% of 

warmm potable water systems. These recovery rates are as high or higher than rates 

reportedd from other countries. The risks and benefits of Dutch water treatment 

policies,, in particular the practice of distributing drinking water without a residual 

disinfectant,, need to be reassessed. As presented in this thesis, municipal potable 

waterr disinfection may have a significant impact on the incidence of Legionnaires1 

disease.466 A study to measure the effect of residual disinfection with monochloramine 

onn Legionella recovery rates in Dutch drinking water seems necessary. Such a study 

mightt be combined with the aforementioned prospective pneumonia study, to 

documentt associated effects on Legionnaires' disease incidence. 

Dutchh guidelines for control of legionellosis have been published in 1986. 

Thesee were in the form of recommendations that emphasized building water system 

designn and temperature measures. The guidelines contained valuable 

recommendations,, but these may not all have been implemented because, although at 

thee time it was already known that Legionella contamination of water systems was 

widespread,, the associated risk of transmission to humans was thought to be small. 

AA recent large outbreak of Legionnaires1 disease associated with a flower show 

hass attracted much attention.81'82 The resulting public concern about the disease may 

providee the necessary political support to strengthen control policies against this 

disease. . 

Conclusion n 

Legionnaires'' disease is preventable. Implementation of effective control 

policiess has been delayed in many countries because of a failure to recognize the 

magnitudee of the burden of disease caused by the Legionella bacterium and because of 

confusionn about optimal control strategies. New findings on the effect of 

monochloraminee on Legionnaires' disease, presented in this thesis, may offer a new 

andd powerful tool for Legionnaires' disease control at the municipal level. 
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