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Somee say it was radiation, some say there was acid on the 

microphone, , 

Somee say a combination that turned their hearts to stone, 

Butt whatever it was, it drove them to their knees. 

Oh,, Legionnaire's disease. 

II wish I had a dollar for everyone that died within that year, 

Gott 'em hot by the collar, plenty an old maid shed a tear, 

Noww within my heart, i t sure put on a squeeze. 

Oh,, that Legionnaire's disease. 

Granddadd fought in a revolutionary war, father in the War of 1812, 

Unclee fought \r\ Vietnam and then he fought a war all by himself, 

Butt whatever it was, it came out of the trees. 

Oh,, that Legionnaire's disease. 

BobBob Dylan: Legionnaire's disease (1978) 
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GeneralGeneral introduction 

Chapterr  1: General introduction 

Legionellosis s 
Infectionn with bacteria of the genus Legionella can cause two distinct clinical 

syndromes,, grouped together under the name legionellosis. The syndrome that will be 

thee subject of this thesis is Legionnaires' disease, a severe and potentially fatal form of 

pneumonia.. The second is Pontiac fever, which will be discussed in short hereunder. 

Pontiacc fever is a self-limited influenza-like illness. It is characterized by 

suddenn onset of fever (39°-40.5° C / 102°-105° F), malaise, myalgia, headache, and a 

non-productivee cough, but not pneumonia. It usually occurs in explosive outbreaks in 

whichh >90% of exposed individuals develop the symptoms. The incubation time is 

usuallyy 24 to 48 hours and patients recover spontaneously within 2-5 days without 

treatment.. Mortality due to Pontiac fever is extremely rare. Legionella is believed to 

bee the causative organism because Pontiac fever patients show a rise in antibodies to L 

pneumophila.pneumophila. The pathogenesis of Pontiac fever is not well understood. Viable 

LegionellaLegionella organisms have not been recovered from Pontiac fever patients. Some 

researcherss believe that it is not an infection but rather a febrile hypersensitivity 

reactionn to inhaled antigens from amoebae and/or legionellae.1'2 Others have 

suggestedd that it may be an infection with legionellae or Legionella-hke organisms that 

aree unable to multiply in human host cells. 

Legionnaires''  disease 

Legionnaires'' disease was first recognized during the 1976 annual convention 

off  the American Legion (an organization of veteran soldiers) in Philadelphia. In the 

weekss following the convention, 221 persons became ill and 34 died of a previously 

unknownn disease. All victims had either stayed at the downtown Bellevue-Stratford 

Hotel,, had spent time in the lobby, or had been within a distance of one block from the 

hotel.. Media around the world paid attention to this mysterious disease. After five 

monthss of intensive investigation researchers recovered the bacteria from guinea pigs 

inoculatedd with lung tissue from patients who had died during the outbreak." 

LegionellaLegionella does not grow on standard growth media and is not visible on Gram stain; 

thereforee it had not been identified as a pathogen before. Special growth media were 

laterr developed (among others, BCYE-ot: buffered charcoal-yeast extract agar enriched 

withh a-ketoglutarate). Examination of stored clinical specimens showed that 
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ChapterChapter I 

LegionellaLegionella infection has occurred at least since 1943. in sporadic cases as well as in 

outbreakss of Legionnaires" disease.' s Examination of stored sera also revealed that 

LegionellaLegionella was associated with an outbreak of influenza-like illness in a health 

departmentt in Pontiac. Michigan, in 1968. which had been named Pontiac fever. 

Reservoirr and route of infection 

LegionellaLegionella is a ubiquitous organism that lives as an intracellular parasite of 

amoebaee in aquatic environments (Figures 1 and 2).'"' It is found in low 

concentrationss in rivers, lakes, and soil around the world and as such probably causes 

veryy littl e disease. Man-made technology, however, can turn it into a dangerous 

pathogen. . 

Itt thrives in water of high temperature (77°-108° F / 25°-42° C) and it can 

colonizee the biofilm that covers the inside of tanks and pipes. Sessile (""fixed") biofilm 

bacteriaa such as Legionella and Pseudomonas filter nutrients out of large amounts of 

passingg water and thereby can survive in low-nutrient environments like potable water. 

Drinkingg water disinfectants such as free chlorine penetrate poorly into 

Figuree 1: Protozoa filled with Legionella. Courtesy B. Fields. CDC. 
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GeneralGeneral introduction 

biofilmm " and Legionella is further shielded off by the amoebae that it parasitises. 

Freee chlorine levels in municipal drinking water are generally sufficient to neutralize 

planktonicc (free-floating) coliform bacteria, but are often too low to kill Legionella 

livingg in biofilm. In addition, many drinking water disinfectants such as free chlorine 

doo not reach distal sites in a water distribution system, can dissipate quickly in heated 

water,, and are often removed during water filtering such as occurs in whirlpool baths. 

Whenn a susceptible person inhales a contaminated aerosol consisting of 

dropletss of the right size to reach the alveoli (1 to 5 micron) he or she can develop the 

disease.144 Legionella infects human alveolar macrophages in the same way it infects 

amoebae.1^^ Aerosol droplets can contain amoebal vesicles filled with Legionella and 

thiss may contribute to more distant dissemination and to higher invasiveness of the 

Thee combination of high temperature and potential for aerosol formation can be 

foundd in. for example, air conditioning cooling towers (Figure 3), showers, faucets, 

airr humidifiers, respiratory therapy equipment, and whirlpool baths: all these devices 

Figuree 2: Electron microscope picture of amoeba opsonizing L pneumophila. 
Courtesyy B. Fields. CDC. 
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Figuree 3: Anatomy of a cooling tower. A cooling tower is the part of an air conditioning 
systemm that is usually located outside a building. It exchanges heat by evaporating sprayed 
water;; aerosol is created in the process. The water in the sump often has a temperature 
thatt is favorable for amplification of Legionella. Courtesy J. Butler, CDC. 

havee frequently been described as the source of Legionnaires' disease outbreaks. 

Additionally,, anecdotal reports suggest that other aerosol producing devices, such as 

medicationn nebulizers, an ultrasonic misting machine, an electrical sump pump, and a 

carpett cleaner can transmit disease. IK~~' 

(Micro-)) aspiration of water contaminated with Legionella has also been 

described,, albeit less frequently, as a route of transmission. This may occur 

predominantlyy in persons with swallowing disorders or in conjunction with nasogastric 

feeding."""  Person-to-person transmission of Legionnaires' disease has never been 

documentedd and colonization of the nasopharynx probably does not occur either. 

Att the time of writing of this thesis, 43 Legionella species and 65 serogroups 

weree described. ' In addition many Legionella-hke amoebal pathogens (LLAPs) 

havee been identified, some of which are capable of infecting humans. LLAPs do not 

groww on standard Legionella media such as BCYE-a; they can only be cultured in 

growthh media containing live amoebae.25' Legionella pneumophila caused the 

majorityy (91%) of reported Legionnaires' disease cases in the United States; L 

pneumophilapneumophila serogroup 1 was found in 71% of fully identified clinical isolates of 

InIn reality the proportion of legionellosis cases that are caused by L pneumophila serogroup 
11 may he somewhat lower because growth media and diagnostic techniques are optimized for 
thisthis strain, resulting in a higher rate of detection than for other species and serogroups. 
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casess reported from 1980 to 1989 to the Centers for Disease Control and Prevention 

(CDC).27 7 

Epidemiology y 

AA common misconception is that Legionnaires' disease is a rare disease. 

Studiess that have tried to estimate the incidence of community-acquired Legionnaires' 

diseasee found that Legionella caused 2% to 16% of community-acquired pneumonia 

casess in industrialized countries (Figure 4).~Xo9 This makes Legionella the second- to 

fourth-mostt common cause of community-acquired pneumonia. Most of the 

aforementionedd studies were hospital-based and therefore tended to detect only the 

moree severe cases of pneumonia that required hospitalization: littl e data is available on 

thee incidence of less severe Legionnaires' disease. Prospective studies for evaluating 

thee cause of community-acquired pneumonia invariably failed to identify the cause of 

40%-60%% of cases.30 Therefore, estimates of Legionnaires' disease incidence are 

likelyy to go up as more pathogenic strains of Legionella and Legionella-hke organisms 

continuee to be discovered."" 

Lesss than 5% of legionellosis cases are eventually reported to public health 

authoritiess through passive surveillance; most are probably never diagnosed/ " Of 

thee cases that were reported to the Centers for Disease Control and Prevention (CDC) 

fromm 1980 to 1989, 25% died as a result of their Legionella infection." The overall 

fatalityy rate among all cases of Legionnaires' disease may be lower because severe or 

fatall  cases are subject to more aggressive diagnostic testing and thus are more likely to 

bee identified and reported. 

Althoughh outbreaks of Legionnaires' disease have received a lot of attention, 

thee majority (80% - 90%) of Legionnaires' disease cases are sporadic, meaning that 

theyy cannot be linked to other cases or to outbreaks. Research has shown that the 

sourcess of outbreaks and sporadic cases are similar. These sources are often hot water 

systemss in hotels, homes, and hospitals 42_44; cooling towers 4 ' 6; and whirlpool 

baths.477 There are no data on the proportion of sporadic disease attributable to various 

sources. . 

**  The most frequently identified cause of community-acquired pneumonia in most studies was 
StreptococcusStreptococcus pneumoniae (usually identified in -15%-20%). Second place is often shared by 
MycoplasmaMycoplasma pneumoniae, Legionella, Chlamydia pneumoniae, and (depending on local 
epidemiologyepidemiology and vaccination practices) Haemophilus influenzae, each identified in ~~5%-
10%10% of CAP in many countries. If tested for, viral etiologies were often found in a similar 
proportionproportion of cases. 
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Attackk rates during outbreaks of Legionnaires" disease are low: less than 5% of 

exposedd persons develop the disease. This likely reflects differences in host 

susceptibility.. Important predisposing host factors are: smoking, old age. male gender, 

high-dosee corticosteroid medication, chronic obstructive pulmonary disease, 

immunosuppressivee medication as is used in conjunction with organ or bone marrow 

transplantation,, and other immunocompromising conditions. 

Thee incubation period of Legionnaires' disease is usually between 2 days and 

100 days although longer periods have been reported.4 

Thee wide geographical variation in incidence of Legionnaires' disease probably 

reflectss differences in epidemiology and quality of lab techniques as well as 

geographicall  variation in the occurrence of Legionella. Until recently this variation 

wass largely attributed to ecological factors such as climate, density of water-based 

coolingg devices, and natural water composition. Municipal drinking water disinfection 

techniquee was recently found to have a significant impact on occurrence of 

Pneumococcu ss  __,—•— 

Chlamydiaa / \ . 

Legionella a 

M y c o p l a s m a - A ^ / ^ / // ^Ê 

Haemoph i lus^s^^^^ ^ K 

Staphylococcus^^ / \ ^ B B 

Influenza-^^ RSV Other r 

^ kk Unknown 

Figuree 4: Etiological agents identified in several prospective studies of community-
acquiredd pneumonia requiring hospitalization. Courtesy J. Butler, CDC. 
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Legionnaires'' disease (this thesis)/""̂  

Community-acquiredd Legionnaires1 disease 

75%% of cases reported to the CDC are community-acquired." The true 

proportionn of community-acquired Legionnaires' disease may be substantially higher 

becausee nosocomial cases are more likely to be detected and subsequently reported to 

publicc health officials. Sporadic cases and outbreaks have been caused by sources 

suchh as air-conditioning cooling towers, evaporative condensers, whirlpools baths, 

homee hot water systems, and hotel hot water systems. Hot water systems of larger 

buildingss such as hotels are at increased risk of Legionella colonization." A large 

proportionn of community-acquired cases appear to have acquired their infection in 

associationn with overnight travel.'"1 '" One explanation for this obviously is the higher 

riskk associated with hotel stays but one study also indicated that persons who traveled 

mayy have acquired the infection in their own home after they returned.4. In these 

casess Legionella may have taken advantage of the prolonged stagnation in the unused 

homee water system to amplify to dangerous levels. 

Controll  of community-acquired Legionnaires1 disease has relied on prompt 

reportingg and investigation of cases, and elimination of identified sources. Guidelines 

havee been issued for the maintenance of cooling towers and whirlpool baths to 

minimizee the risk of Legionnaires' disease.M,"v' Until recently, the only practical way 

too prevent Legionnaires' disease transmission in private homes, apart from installing 

packagee disinfection systems in individual houses, has been to advise removing dead 

legss and setting the water temperature as high as possible without significant risk of 

scalding.. This thesis will present the finding that residual disinfection of municipal 

drinkingg water with monochloramine may be a cost-effective large-scale method for 

preventionn of potable water-associated Legionnaires' disease/" M 

Nosocomiall  Legionnaires' disease 

Approximatelyy a quarter of all reported Legionnaires' disease cases acquire 

theirr infection inside a hospital." The proportion of nosocomial (hospital-acquired) 

pneumoniass due to Legionella varies but generally lies between 0% and 14%. During 

nosocomiall  outbreaks this proportion may approach 50%. " Fatality rates in 

nosocomiall  outbreaks of Legionnaires' disease can exceed 40%. Hospitals caring for 

immunocompromisedd patients such as organ- or bone marrow transplant recipients are 

att increased risk of outbreaks of Legionnaires" disease. 
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Mostt nosocomial outbreaks have been linked to Legionella colonizing the hot 

potablee water system/'" Hospitals often maintain their hot water temperature at below 

110°° F 43° C to reduce the risk of scalding 61 and this makes for a water environment 

thatt is favorable for Legionella growth. Many hospitals have Legionella in their water 

system.. Over a 2-year period in Quebec. Canada, 68% of hospital water systems were 

shownn to yield Legionella on at least one occasion.Vl In Halifax. Canada. 6 of 7 

studiedd hospitals had legionellae in their water system. In a survey of 192 US 

hospitalss participating in the National Nosocomial Infections Surveillance System, 

29%% reported one or more episodes of nosocomial transmission, and 34% reported 

LegionellaLegionella contamination of the potable water system. In one of the investigations 

thatt are presented in this thesis. 100% of hospitals studied in one metropolitan area 

weree found to have Legionella in their water system within a 2-year period/ 

Otherr identified sources of nosocomial Legionnaires' disease have been 

contaminatedd cooling towers that were located near to a hospital ventilation air 

intake,144 respiratory therapy equipment that was cleaned with unsterilized tap 

water,^1'655 ice machines,™1 and (micro-) aspiration of contaminated water associated 

withh nasogastric feeding or swallowing disorders.22'67 Presumed nosocomial outbreaks 

mayy not be restricted to hospital patients. A contaminated hospital cooling tower, for 

example,, may infect inpatients as well as persons who are just passing by on the street. 

Therefore,, hospitals that identify a cluster of Legionnaires' disease among their 

patientss should immediately report this to local public health authorities so that active 

surveillancee for associated cases in the community can be initiated. 

Controll  of nosocomial Legionnaires' disease 

Expertss have disagreed about the best strategy for prevention of nosocomial 

(hospital-acquired)) Legionnaires' disease. One school of thought is that hospitals 

shouldd test their drinking water for presence of the bacteria and decontaminate 

wheneverr they are found, arguing that infection cannot occur if the bacteria are not 

present.'""  Testing and decontaminating, however, is expensive. There are 

thousandss of small community hospitals that may never experience nosocomial cases 

off  Legionnaires' disease because their smaller water systems are at lower risk of 

LegionellaLegionella colonization, and their patients are often less susceptible and are admitted 

forr shorter periods than patients admitted to large tertiary care hospitals. If all 

hospitalss would be required to test their water, and to decontaminate the water system 

ass soon as Legionella is recovered, then this may result in a large number of 

unnecessaryy and expensive interventions. 
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Conversely,, negative results from cultures of drinking water do not prove that 

LegionellaLegionella is totally absent or that it wil l not appear in the water system at a later time. 

CDCC staff and other investigators have frequently encountered situations where false-

negativee water cultures, as a result of poor laboratory technique or use of inferior 

growthh media, led to a false sense of security among medical staff. Even appropriate 

laboratoryy techniques in the hands of experts give variable results. In addition, 

amountss of shed Legionella bacteria can fluctuate significantly over time.72 One group 

off  researchers have suggested that airborne spread occurs in the form of amoebal 

vesicless filled with Legionella. They concluded that on a culture plate the bacteria 

fromm one such vesicle might be counted erroneously as a single colony-forming unit, 

thuss resulting in significant underestimation of the infectious dose. 

CDCC guidelines, which were first published in 1994, state that "the relationship 

betweenn the results of water cultures and the risk of legionellosis remains undefined" 

andd that more data and a cost-benefit analysis are necessary to optimize control 

strategies.. These guidelines therefore leave the choice whether to culture drinking 

waterr for Legionella to the infection control practitioners at individual hospitals. The 

guideliness do, however, stress that good surveillance for clinical Legionnaires' disease 

iss indispensable. Whenever one definitely nosocomial case of Legionnaires' disease is 

identified,, or two possibly nosocomial cases within a period of 6 months, an 

epidemiologicall  and microbiological investigation should be done, followed by 

appropriatee decontamination."̂ 

Methodss for  emergency decontamination of hot potable water 
systems s 

Hospitalss that detect nosocomial transmission from their water system can opt 

forr any of a number of methods for decontamination, but all have drawbacks. 

Thee "superheat and flush" method means temporarily increasing the hot water 

temperaturee to at least 150° F / 65° C and flushing all faucets, showers and other 

outletss for 5 to 30 minutest Although this seems a simple method, it is time-

consumingg and expensive. Water heating and pumping capacity are only sufficient to 

flushh a fraction of all outlets at once, so it often takes 12-48 hours to treat an entire 

building.. In addition, risk of scalding for hospital patients and staff is greatly 

increased,, making it necessary to inform everyone and to supervise the use of faucets 

andd showers. The flushing is preferably done at night to reduce the risk of scalding, 

thiss means that many staff need to work after hours. A single superheat-and-flush 
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operationn costs S20.000 to $31,000; this amount consists mainly of overtime salarv 

payments.. ' 

Anotherr option for emergency decontamination is hyperchlorination. One or 

moree chlorine injection devices are installed in the water system to achieve a free 

chlorinee concentration of at least 10 mg L after which all outlets are flushed for at least 

55 minutes. The drawbacks are the requirement to install additional equipment and the 

concernss that may result from a strong chlorine taste. No health risks have been 

associatedd with short-term exposure to water containing 10-20 mg L chlorine 

(swimmingg pools often contain higher concentrations). The advantage over the 

superheat-andd flush method is that there is no increased risk of scalding, the cold side 

off  the water system can also be treated, and the time needed to treat the whole building 

doess not depend on heater capacity. The equipment that is installed for the emergency 

decontaminationn can continue to be used for long-term disinfection. 

Long-termm prevention of Legionella contamination of hot potable 
waterr systems 

LegionellaLegionella has the tendency to reappear after one-time decontamination, so any 

emergencyy measures have to be repeated regularly or they have to be followed by 

long-termm control measures: 

Thee first thing that needs to be done is removal of areas in the water system 

wheree water stagnates such as "dead legs" (Figure 5). which are pipes that remain after 

ann outlet is removed, for example when a patient room is converted to an office. 

LegionellaLegionella has been shown to survive in these dead legs because heat and disinfectants 

doo not penetrate far into stagnant areas. " Large hot water storage tanks can harbor 

LegionellaLegionella and mechanical cleaning or replacement with instantaneous heaters may be 

necessary.. All showerheads and faucet aerators should be descaled and soaked in a 

chlorinee solution. Cross-connections between the hot and cold water systems need to 

bee identified and removed. The same is true for defective back-flow prevention 

devices.. In the United Kingdom, regulations have required hospitals to adhere to good 

engineeringg practices and to design water systems with the aim of preventing 

LegionellaLegionella colonization, with reasonable success/ ' '' 

Increasingg the hot water temperature permanently to > 122° F 50" C has been 

shownn to be effective provided that this temperature is attained at all outlets and that 

thee aforementioned design adjustments to the water system are made.1' A high water 

temperaturee increases the risk of scalding: at 120 1 49 C' it takes 10 minutes of 
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Figuree 5: Complicated hospital water system. A large capped spur or "dead leg" is 

visiblee in the center of the picture. 
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exposuree to develop a full-thickness epidermal burn, compared to 30 seconds at 130° F 

// 54° C (Figure 6).77 One way to try and address this problem of scalding is by 

installingg automatic mixing valves that mix hot and cold water to achieve a safer 

temperaturee in wards with patients that are at particular risk for scalding such as 

pediatricc wards. These mixing valves, however, can themselves become a focus of 

LegionellaLegionella colonization." Another problem with a high hot water system temperature 

iss that the temperature in the cold water system may also increase as a result of poor 

isolationn between the two systems, especially in older buildings. Legionella have been 

foundd to grow in the cold side of the water system, and cause disease, on such 
79 9 

occasions. . 
Continuouss supplemental injection of chlorine to achieve a concentration of > 1 

mg/LL has also been proven to be effective.74' Again, this method needs to be 

precededd by corrections of the design of the hospital water system.81 The main 

problemm with supplemental chlorination is that some hospitals have reported increased 

corrosionn of plumbing material, with a resulting increase in operating costs.82 The 

increasedd levels of lead and copper associated with corrosion can have adverse health 

effects.. This corrosion apparently does not affect every hospital and some hospitals 
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Figuree 6: Duration of exposure to hot water to cause full-thickness epidermal burns at 
differentt temperatures.77 
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havee reported that corrosion could be controlled with addition of silicates, which 

wouldd form a protective "coating".80 Continuous supplemental chlorination of a 

hospitall  water system for a duration of 10 years in combination with silicate for 

corrosionn control was reported to cost $334,994; an average cost of $33,500 per year. " 

Copper-silverr ionization has shown promising results in some hospitals. '̂  

Thiss method may be in use in approximately 30 hospitals in the US. " Electrodes 

madee of a copper-silver alloy are installed in the water system and a controlled 

electricall  current is run through them, resulting in electrolytically generated copper 

andd silver ions. Some doubts about the effectiveness of this method remain. The first 

studyy on the effectiveness of copper-silver for Legionella control found that it was 

onlyy effective in conjunction with a concentration of free chlorine of at least 0.4 

mg/L.866 It is conceivable that, given the right circumstances, this concentration of free 

chlorinee could by itself have been adequate for control of Legionella. Subsequent 

publicationss reporting efficacy of copper-silver systems failed to report chlorine 

concentrations.. A dose-effect relationship between copper-silver levels and Legionella 

inhibitionn does not appear to exist,85 suggesting that the disinfecting action of copper-

silverr is not straightforward. Some hospitals have continued to recover Legionella or 

havee identified ongoing transmission of Legionnaires disease while using copper-

silverr ionization. " "" Another concern is that Legionella may develop a tolerance 

too silver, as was reported from a long-term follow-up study.89 The author of this thesis 

hass the impression that copper-silver ionization in combination with supplemental 

injectionn of free chlorine to a concentration of least 0.5 mg/L can be effective but that 

usee of copper-silver alone may often lead to failure. An advantage of copper-silver is 

thatt it is not corrosive to plumbing materials. A disadvantage is that it is expensive. 

Inn addition to the initial costs for purchase and installation of the equipment, these 

systemss are costly to maintain and it is difficult and labor-intensive to regulate levels 

off  copper and silver within the narrow range between minimal effective dose and 

maximumm acceptable levels set by the Environmental Protection Agency. 

Thee cost of copper-silver ionization is usually reported to range between 

$30,0000 and $200,000, but one 300-bed hospital, which experienced an outbreak that 

wil ll  be discussed in this thesis,' later installed a copper-silver system at a cost of 

approximatelyy $1 million in the first year. Legionella was successfully controlled in 

thatt hospital with the combination of copper-silver ionization and supplemental 

injectionn of free chlorine to a concentration of 0.5 mg/L (see addendum to Chapter 4). 

Otherr methods such as ultraviolet light, ozone, chlorine dioxide, potassium 

permanganatee and the intermittent superheat-and-flush method are infrequently used 

19 9 



ChapterChapter ! 

andd with variable results. A hospital in Pittsburgh used the intermittent superheat-and-

ilushh method unsuccessfully lor 13 years: an average of 6 nosocomial cases o( 

Legionnaires""  disease continued to occur annually and Legionella was recovered from 

distall  water system sites during the entire period/" 

Diagnosis s 

itt was initially thought that Legionnaires' disease was one of the "atypical 

pneumonias""  and as such could be distinguished from pneumonia caused by other 

pathogenss such as Streptococcus pneumoniae by clinical symptoms, chest radiograph 

presentation,, type of sputum production, liver function tests, or electrolyte 

disturbances.. However, a number of well-designed studies ha\e shown that this was 

nott correct: Legionnaires' disease can only be diagnosed with the use of specialized 

laborator}}  tests." ",_' ' '" '" Unfortunately many physicians still are not aware of the 

importancee of using specialized tests, and this likely causes significant under-

diagnosis.. underreporting, and unnecessary delay of appropriate therapy. 

Testss used to diagnose Legionnaires' disease are: 

Culturee of respiratory secretions or lung tissue on specialized media. This test 

hass a specificity' of 10()o<> because the bacteria are not normally part of human flora. 

Thee sensitivity varies : in a good laboratory and with careful and timely handling of 

specimenss it can be 70"o-K0"<>. but a ll)N°. survey of clinical microbiology laboratories 

foundd that 32" o of otherwise sophisticated laboratories were unable to grow a pure and 

heavyy culture of Legionella. ' In a prospective stuck of hospital patients over a 3-year 

periodd in Germany, culture for Legionella o\' respirators secretions from confirmed 

Legionnaires""  disease patients had a sensitivity of only 1 1 "<>.''" The investigators 

reportingg this low sensitiv ity suggested that this is probablv a normal result under 

routinee hospital conditions. Legionella does not grow on standard media used for 

otherr respiratory pathogens, so culture for Legionella needs to be specifically 

requestedd by the physician. Laboratonans should also be aware that purulent sputum 

shouldd not be discarded as is routinely done in some laboratories to improve recovery 

ratess of Streptococcus pneumoniae. Culture can identify non-serogroup 1 I. 

pneumophilapneumophila and other Legionella species and it has the additional advantage that it 

cann help identify the source of an outbreak because it enables comparison of clinical 

andd environmental isolates. A drawback is that Legionella grows slowly and it can 

takee more than a week before the diagnosis can be confirmed with this lab technique. 
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Thee urine antigen test detects fragments of L pneumophila in urine. The 

commerciall  FLISA and RIA test kits for detection of urine antigen have been 

commerciallyy available for a number of years (BINAX , Portland. MF). It has a 

specificityy of >99% and a sensitivity of 80% to 9()%.w>~1' This test takes several 

hourss to complete; an even more rapid bedside urine antigen test (BINAX NOW), 

whichh performs as well as the FLISA test ''s'^ has been developed and will soon 

becomee commercially available. The urine antigen test can be performed reliably by a 

laboratoriann with no special experience or training and this may be the main reason 

whyy introduction of this test has led to detection of previously unrecognized 

outbreaks.̂̂  ' *' The test will give a positive result for up to several weeks after the 

infectionn " even when the patient has received antibiotic therapy. It can not be used 

too detect less severe cases of Legionnaires' disease or cases of Pontiae fever: 

LegionellaLegionella pneumonia must be present for the test to turn positive. Unfortunately the 

testt currently mainly detects antigens of L pneumophila serogroup 1. which is 

responsiblee for about 70% of Legionnaires" disease. Another relative disadvantage is 

thee price: depending on the number of patients tested at the same time, it can cost up to 

SI000 to test one patient. Nevertheless, it is an extremely useful test both for clinical 

practicee and for epidemiological investigations. 

Serologyy probably still is the most frequently used diagnostic test for 

Legionnaires'' disease, yet it has significant drawbacks. Seroconversion may take 

moree than 9 weeks after onset of infection. A single acute antibody titer of 1:128 or 

higherr is found in more than 15% of randomly selected healthy individuals.̂  

Therefore,, the diagnosis can only be confirmed if there is at least a 4-fold rise in paired 

acute-- and convalescent-phase sera to a titer of 1:128 or more. In clinical practice, 

however,, convalescent-phase sera are rarely collected because by that time the patient 

hass usually recovered, has died, or the diagnosis has been made through other means. 

Specificityy of seroconversion is antigen dependent: seroconversion to L pneumophila 

serogroupp 1 is more dependable than that to other serogroups.49 Cross-reactions to 

otherr bacteria can occur. It is therefore unwise to request a test for detection of 

antibodiess to anything other than L pneumophila serogroup 1. for which only 

monovalentt antiserum should be used. Because of all these drawbacks. Legionella 

serologyy has very limited value in clinical practice, but it can be useful for 

retrospectivee diagnosis and for epidemiological investigations. 

Directt fluorescent antibodies (DIA) for Legionella detection, also called 

immunofluorescencee microscopy, used to be the only rapid test available. In the hands 

off  an experienced microscopist it can have a sensitivity of up to 75% when used on 
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sputumm and up to 90% when used on lung biopsy specimens. Sensitivity and 

specificityy can become very low, however, when inexperienced laboratory personnel 

doo the test or if the test is used for detection of other species than L pneumophila. 

PCRR testing of clinical specimens has been done experimentally with reports of 

varyingg sensitivity and good specificity.103"10" Theoretically it could give a high 

proportionn of false-positive results since it can detect live Legionella as well as DNA 

fragmentss of dead bacteria (e.g. partly digested bacteria or bacteria that are inhaled 

afterr being killed by disinfectants). 

DNAA probe methods have a sensitivity and specificity similar to that of DFA. 

Theyy have the theoretical advantage that they can detect infections caused by all 

LegionellaLegionella species. Otherwise the probe test has no particular advantages over other 

availablee tests. 

Nonee of the available diagnostic tests are perfect and the diagnosis of 

Legionnaires11 disease should not be ruled out on the basis of a negative result of one or 

moree of these tests. 

Treatment t 

Afterr the first recognized Legionnaires' disease outbreak, erythromycin became 

thee de-facto standard of therapy. During that outbreak it was noted that (3-lactam 

antibioticss resulted in a poor outcome; patients treated with erythromycin showed the 

bestt overall survival. Doxycycline, trimethoprim-sulfamethoxazole, azithromycin, 

clarithromycin,, ciprofloxacin, levofloxacin and ofloxacin also have activity against 

Legionella.Legionella. However, very few, if any, controlled trials of antimicrobial therapy have 

beenn done. Case reports and studies with animal models suggest that azithromycin 

mayy be more effective for treatment of severe Legionnaires' disease, and it generally 

hass less side effects and drug interactions than erythromycin. In very severe cases 

rifampinn may be beneficial if added to a macrolide during the first few days of 

treatment.. Recent publications have reported very good results with the newer 

fluoroquinoloness such as levofloxacin.106 

Delayy of appropriate therapy results in a poor outcome.107 Therefore it is 

importantt that rapid tests for Legionella are requested whenever the diagnosis of 

Legionnaires'' disease is a possibility. Empiric treatment of pneumonia should include 

ann antimicrobial agent with activity against Legionella. Recent guidelines from the 

Infectiouss Diseases Society of America for the treatment of community-acquired 

pneumoniaa recommend empiric treatment with an antibiotic such as azithromycin or 

levofloxacin,, which have activity against Legionella, Chlamydia, Mycoplasma, as well 
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ass S pneumoniae/0 These guidelines also recommend that empiric pneumonia case 

managementt should not be based on the presumed likely etiological agent, but rather 

onn age, severity and comorbidity. 

Scopee of this thesis 

Thee author worked as Epidemic Intelligence Service Officer at the CDC's 

Respiratoryy Diseases Branch, Division of Bacterial and Mycotic Diseases, National 

Centerr of Infectious Diseases, from 1996 to 1998, where he investigated four 

Legionnaires'' disease outbreaks. The following chapters wil l present several useful 

observationss that were made during these investigations as well as a case-control study 

off  the effect of drinking water disinfection on incidence of Legionnaires' disease, 

whichh was set up by the author as a result of some of these observations. Optimal 

controll  policies will be discussed in the General Discussion, with emphasis on 

preventionn of potable water-associated Legionnaires' disease and on implications of 

newlyy available diagnostic tests. 

References s 

1.. Rowbotham TJ. Pontiac fever explained? Lancet 1980; 2: 969. 
2.. Fields BS, Barbaree JM, Sanden GN, Morrill WE. Virulence of a Legionella anisa strain 

associatedd with Pontiac fever: an evaluation using protozoan, cell culture, and guinea pig 
models.. Infect Immun 1990; 58: 3139-42. 

3.. Miller LA, Beebe JL, Butler JC, et al. Use of polymerase chain reaction in an epidemiologic 
investigationn of Pontiac fever. J Infect Dis 1993; 168: 769-72. 

4.. Fraser DW, Tsai TR, Orenstein W, et al. Legionnaires' disease: description of an epidemic of 
pneumonia.. N Engl J Med 1977; 297: 1189-97. 

5.. McDade JE, Shepard CC, Fraser DW, Tsai TR. Redus MA. Dowdle WR. Legionnaires' 
disease:: isolation of a bacterium and demonstration of its role in other respiratory disease. N 
EnglEngl J Med 1977; 297: 1197-203. 

6.. Tatlock H. Clarification of the cause of Fort Bragg fever (pretibial fever) - January 1982. Rev 
InfectInfect Dis 1982; 4: 157-8. 

7.. Osterhoim MT, Chin TD, Osborne DO, et al. A 1957 outbreak of Legionnaires' disease 
associatedd with a meat packing plant. Am J Epidemiol 1983; 117: 60-7. 

8.. Thacker SB, Bennett JV, Tsai TF, et al. An outbreak in 1965 of severe respiratory illness 
causedd by the Legionnaires' disease bacterium. J Infect Dis 1978; 138: 512-9. 

9.. Glick TH, Gregg MB, Berman B, Mallison G, Rhodes WW, Jr., Kassanoff I. Pontiac fever. 
Ann epidemic of unknown etiology in a health department: I. Clinical and epidemiologic 
aspects.. Am J Epidemiol 1978; 107: 149-60. 

10.. Rowbotham TJ. Isolation of Legionella pneumophila from clinical specimens via amoebae, 
andd the interaction of those and other isolates with amoebae. J Clin Pathol 1983; 36: 978-86. 

11.. Fields BS, Sanden GN, Barbaree JM, et al. Intracellular multiplication of Legionella 
pneumophilapneumophila in amoebae isolated from hospital hot water tanks. Curr Microbiol 1989; 18: 
131-7. . 

23 3 



ChapterChapter I 

12.. Chen X. Stewart PS. Chlorine penetration into artificial biofilm is limited by a reaction-
diffusionn interaction. Environ Sci Techno! 1996; 30: 2078-83. 

13.. Kilvington S. Price .1. Survival of Legionella pneumophila within cysts of Aeanthamoeha 
polyphagiapolyphagia following chlorine exposure. J Appl Bacterial 1990: 68: 519-25. 

14.. Breiman RF. Cozen W. Fields BS. et al. Role of air sampling in investigation of an outbreak 
off  legionnaires' disease associated with exposure to aerosols from an evaporative condenser. ./ 
InfectInfect Dis 1990; 161: 1257-61. 

15.. Segal G. Shuman HA, Legionella pneumophila utilizes the same genes to multiply within 
AeanthamoehaAeanthamoeha eastellanii and human macrophages. Infection cv Immunity 1999; 67: 21 17-24. 

16.. Cirill o .ID. Falkow S. Tompkins LS. Growth of Legionella pneumophila in Acanthamoeba 
eastellaniii  enhances invasion. Infect Itnnntn 1994: 62: 3254-61. 

17.. Berk SG. Ting RS. Turner GW. Ashburn RJ. Production of respirable vesicles containing live 
LegionellaLegionella pneumophila cells by two Aeanthamoeha spp. Appl Environ Microbiol 1998: 64: 
279-86. . 

18.. Mahoney FJ. Hoge CW. Farley TA. et al. Communitywide outbreak of Legionnaires' disease 
associatedd with a grocery store mist machine. ./ Infect Dis 1992; 165: 736-9. 

19.. Kool JL. Warwick MC. Prucklcr JM. Brown FAV. Butler .It. Outbreak of Legionnaires' 
diseasee at a bar after basement Hooding. Lancet 1998: 351: 1030. 

20.. Kool JL. Fiore AE. Kioski CM. et al. More than 10 years of unrecognized nosocomial 
transmissionn of legionnaires' disease among transplant patients. infect Control llosp 
EpidemiolEpidemiol 1998: 19^898-904. 

21.. Mastro TD. Fields BS. Breiman RF. Campbell J. Plikaytis BD. Spika JS. Nosocomial 
Legionnaires'' disease and use of medication nebulizers. J Infect Dis 1991; 163: 667-71. 

22.. Johnson .IT. Yu VL, Best MG. et al. Nosocomial legionellosis in surgical patients with head-
and-neckk cancer: implications for epidemiological reservoir and mode of transmission. Lancet 
1985;2:298-300. . 

23.. Benson RF. Fields BS. Classification of the genus Legionella. Seminars in Respiratory 
InjectionsInjections 1998: 13:90-9. 

24.. Lo Presti F. Riffard S. Meugnier H. et al. Legionella taurinensis sp. now. a new species 
antigemcallyy similar to Legionella spiritensis. hit J Svst Bacteriol 1999; 49 Pt 2: 397-403. 

25.. Butler JC. Benson RF. Drozanski W.I. et al. Pneumonia associated with Legionel/a-likc 
amoeball  pathogen (LLAP) infection: patient characteristics and clinical manifestations. 35th 
InlerscienccInlersciencc Conference on Antimicrobial Agents and ( hemollicnipv 1 995. 

26.. Adeleke A. Prucklcr J. Benson R. Rowbotham T. llalablab M. Fields B. Legionella-\\kc 
ameball  pathogens: phylogenetic status and possible role in respiratory-disease, /'merging 
InfectInfect Dis 1996: 2: 225-30. 

27.. Marston B.I. Lipman HB. Breiman RF. Surveillance for Legionnaires' disease. Risk factors for 
morbidityy and mortality. Arch Intern Med 1994; 154: 2417-22. 

28.. Marston B,L Plouffe .IF, File T.I. et al. Incidence of community-acquired pneumonia requiring 
hospitalization.. Results of a population-based active surveillance study in Ohio. The 
Community-Basedd Pneumonia Incidence Study Group. Arch Intern Med 1997; 157: 1709-18. 

29.. Rovira L. Martinez-Moragon E. Belda A. Gon/alvo F. Ripolles F. Pascual JM. Treatment of 
community-acquiredd pneumonia in outpatients: randomized study of clarithromycin alone 
versuss clarithromycin and eefuroxune. Respiration 1999; 66: 413-8. 

30.. liartlett JG. Breiman RF. Mandell LA. File TM.I. Community-acquired pneumonia m adults: 
guideliness for management. The Infectious Diseases Society of America. Clin Infect Dis 
Ï998:: 26: 811-38. 

31.. Chambers ST. Town Gl. Neill AM . Frampton C. Murdoch DR. Legionella. Chlamydia 
pneumoniaee and Mycoplasma infection in patients admitted to Chnstchureh Hospital with 
pneumonia.. X/. Med J 1999: 112:222-4. 

24 4 



GeneralGeneral introduction 

32.. Ruiz M. Euig S. Marcos MA. cl al. Etiology of community-acquired pneumonia: impact of 
age.. comorbidity and severity Am J Respir Crit Cure Med 1999; 160: 397-405. 

33.. Fanu CiD. Fine M. OrlolT .). et al. New and emerging etiologies for community-acquired 
pneumoniaa with implications for therapy. A prospective multicentcr study of 359 cases. 
MedicineMedicine 1990:69: 307-16. 

34.. Manic TJ. Durant H.. Yates L. Community-acquired pneumonia requiring hospitalization: 5-
yearr prospective study. Rev Inject Dis 1989; 11: 5X6-99. 

35.. Bates JH. Campbell ( i l ) . Barron AL. et at. Microbial etiology of acute pneumonia in 
hospitalizedd patients, dies! 1992; 101: 1005-12. 

36.. Pachon J. Prados Ml) . Capote l ;. Cuello J A. (iarnacho J. Verano A. Severe community-
acquiredd pneumonia, Etiology, prognosis, and treatment. Am Rev Respir Dis 1990; 142: 369-
73. . 

37.. Torres A. Serra-Batlles J. Ferrer A. et al Severe community-acquired pneumonia, 
epidemiologyy and prognostic factors. . \m Rev Respir Dis 1 991: 144: 3 12-8. 

38.. Bohte R. van I urth R. van den Broek PJ. Aetiology of communit}-acquired pneumonia: a 
prospectivee study among adults requiring admission to hospital. Thorax 1995; 50: 543-7. 

39.. Y'egelin AL. Bissumbhar P. Joore JC. Lammers JW. llocpelman 1M. (iuidelincs for severe 
community-acquiredd pneumonia in the western world. Xcrh .1 Med 1999: 55: I 10-7. 

40.. Benson RF. Dro/anski W.L Fields BS. Bialovv ska I. Losos I). Serologic evidence of infection 
withh 9 LegionellaAxkc amoebal pathogens in pneumonia patients. 35th huerscience 
ConferenceConference on Antimicrobial Agents and Chemotherapeatics 1995. 

41.. Marston BJ. Plouffe .IF. File TM. et al. Incidence of community-acquired pneumonia requiring 
hospitalizationn - Results of a population-based active surveillance study in Ohio. Arch Intern 
MedMed 1997; 157: 1709-IS. 

42.. O'Mahony MC. Stanwell-Smith RF, Tillett IIF. et al. The Stafford outbreak of Legionnaires' 
disease.. Epidemiol Infect 1990; 104: 361-80. 

43.. Straus WL. Plouffe .IF. File TM. Jr.. et al. Risk factors for domestic acquisition of legionnaires 
disease.. Arch Intern Med 1996; 156: 1685-92. 

44.. Stout JE. Yu VL. Muraca P. Legionnaires' disease acquired within the homes of two patients. 
Linkk to the home water supply. JAMA 1987:257: 1215-7. 

45.. Bhopal RS. Fallon RJ. Buist EC. Black R.L Lrquhart .11). Proximity of the home to a cooling 
towerr and risk of non- outbreak Legionnaires' disease. HMJ 1991; 302: 378-83. 

46.. Dondero TJ. Jr.. Rendtorff RC. Mallison ( i l . et al. An outbreak of Legionnaires' disease 
associatedd with a contaminated air-conditioning cooling tower. A' Engl J Med 1980; 302: 36> 
70. . 

47.. Jernigan DB. Ilofmann .1. Cetron MS. et al. Outbreak of Legionnaires' disease among cruise 
shipp passengers exposed to a contaminated whirlpool spa Lancet 1996; 347: 494-9. 

48.. Anonvmous. Legionnaires disease associated with a whirlpool spa display—Virginia. 
September-October.. 1996 [published erratum appears in MMWR Morb Mortal Wkly Rep 
19977 Apr I8;46( 15):336], MMWR Morh Mortal Wkly Rep 1997; 46: S3-6. 

49.. Fdelstein PH Legionnaires' disease. Clin Infect Dis 1993: 16: 741-9. 
50.. Kool JL. Carpenter JC. Fields BS. Effect of monochioramine disinfection of municipal 

drinkingg water on risk of nosocomial Legionnaires' disease. Lancet 1999; 353: 272-7. 
51.. Kool JL. Bergmire-Sucat D. Butler JC. et al. Hospital characteristics associated with 

colonizationn of water svstems by Legionella and risk of nosocomial Legionnaires' disease: a 
cohortt stud\ o\' 15 hospitals. In fat Control Hasp Epidemiol 1999; 20: 798-805. 

52.. Heffclfingcr J. Fridkin SK. Kool JL. et al. Association between monochioramine use by 
municipall  water treatment plants and nosocomial Legionnaires' disease. 4th Decennial 
InternationalInternational Conference on Xosocoinial and Healthcare-Associated Infections. Atlanta. >9 
Marchh 2000. 

25 5 



ChapterChapter I 

53.. Alary M. Joly JR. Factors contributing to the contamination of hospital water distribution 
systemss by legionellae. J Infect Dis 1992; 165: 565-9. 

54.. Joseph CA. Dedman D, Birtles R. Watson JM. Bartlett CL. Legionnaires' disease surveillance: 
Englandd and Wales. 1993. Commun Dis Rep CDR Rev 1994; 4: R109-R111. 

55.. Anonymous. Legionnaires' disease, Europe, 1998. Weekly Epidemiological Record 1999; 74: 
273-80. . 

56.. National Center for Environmental Health. National Center for Infectious Diseases. Final 
recommendationss to minimize transmission of Legionnaires' disease from whirlpool spas on 
cruisee ships. Atlanta: Centers for Disease Control and Prevention, 1995. 

57.. Department of Health and Social Security and the Welsh Office. The control of Legionellae 
inn health care premises. A code of practice. London: HMSO. 1989. 

58.. Health & Safety Executive. The control of legionellosis including Legionnaires' disease. 
London:: Health & Safety Executive, 1991. 

59.. Anonymous. Guidelines for prevention of nosocomial pneumonia. MMWR Morb Mortal Wklv 
RepRep 1997; 46: 1-79. 

60.. Muder RR, Yu VL, McClure JK, Kroboth FJ. Kommos SD, Lumish RM. Nosocomial 
Legionnaires'' disease uncovered in a prospective pneumonia study. JAMA 1983; 249: 3184-8. 

61.. Fiore AE, Butler JC. Emon TG. Gaynes RP. A survey of methods used to detect nosocomial 
legionellosiss among participants in the National Nosocomial Infections Surveillance System. 
InfectInfect Control Hosp Epidemiol 1999; 20: 412-6. 

62.. Joseph CA, Watson JM, Harrison TG, Bartlett CL. Nosocomial Legionnaires' disease in 
Englandd and Wales, 1980-92. Epidemiol Infect 1994; 112: 329-45. 

63.. Mandel AS, Sprauer MA, Sniadack DH, Ostroff SM. State regulation of hospital water 
temperature.. Infect Control Hosp Epidemiol 1993; 14: 642-5. 

64.. Marrie T, Green P, Burbridge S, et al. Legionellaceae in the potable water of Nova Scotia 
hospitalss and Halifax residences. Epidemiol Infect 1994; 112: 143-50. 

65.. Arnow PM, Chou T, Weil D, Shapiro EN. Kxetzschmar C. Nosocomial Legionnaires' disease 
causedd by aerosolized tap water from respiratory devices. J Infect Dis 1982; 146: 460-7. 

66.. Graman PS, Quinlan GA, Rank JA. Nosocomial legionellosis traced to a contaminated ice 
machine.. Infect Control Hosp Epidemiol 1997; 18: 637-40. 

67.. Venezia RA, Agresta MD. Hanley EM, Urquhart K. Schoonmaker D. Nosocomial 
legionellosiss associated with aspiration of nasogastric feedings diluted in tap water. Infect 
ControlControl Hosp Epidemiol 1994; 15; 529-33. 

68.. Goetz A. Yu VL. Screening for nosocomial legionellosis by culture of the water supply and 
targetingg of high-risk patients for specialized laboratory testing. Am J Infect Control 1991; 
19:63-6. . 

69.. Goetz AM. Stout JE, Jacobs SL, et al. Nosocomial legionnaires' disease discovered in 
communityy hospitals following cultures of the water system: seek and ye shall find. Am J 
InfectInfect Control 1998; 26: 8-11. 

70.. Yu VL, Beam TR, Jr., Lumish RM, et al. Routine culturing for Legionella in the hospital 
environmentt may be a good idea: a three-hospital prospective studv. Am J Med Sci 1987; 294: 
97-9. . 

71.. Boulanger CA. Edelstein PH. Precision and accuracy of recovery of Legionella pneumophila 
fromm seeded tap water by filtration and centrifugation. App! Environ Microbiol 1995; 61: 
1805-9. . 

72.. Bezanson G. Burbridge S, Haldane D, Yoell C. Marrie T. Diverse populations of Legionella 
pneumophilapneumophila present in the water of geographically clustered institutions served by the same 
waterr reservoir. ./ Clin Microbiol 1992; 30: 570-6. 

73.. Lin YS, Stout JE. Yu VL. Vidic RD. Disinfection of water distribution systems for Legionella. 
SeminarsSeminars in Respiratory Infections 1998; 13: 147-59. 

26 6 



GeneralGeneral introduction 

74.. Snyder MB, Siwicki M, Wircman J, et al. Reduction in Legionella pneumophila through heat 
flushingg followed by continuous supplemental chlorination of hospital hot water. J Infect Dis 
1990;; 162: 127-32. 

75.. Ciesielski CA. Blaser MJ, Wang WL. Role of stagnation and obstruction of water flow in 
isolationn of Legionella pneumophila from hospital plumbing. Appl Environ Microbiol 1984; 
48:: 984-7. 

76.. Liu WK, Healing DE, Yeomans JT, Elliott TS. Monitoring of hospital water supplies for 
Legionella.Legionella. J Hosp Infect 1993; 24: 1-9. 

77.. Katcher ML . Scald burns from hot tap water. JAMA 1981; 246: 1219-22. 
78.. Makin T, Hart CA. The effect of a self-regulating trace heating element on Legionella within a 

shower.. J Appl Bacteriol 1991; 70: 258-64. 
79.. Hoebe CJ, Cluitmans JJ, Wagenvoort JH, van Leeuwen WJ, Bilkert-Mooiman MA. Cold tap 

waterr as a source of fatal nosocomial pneumonia due to Legionella pneumophila in a 
rehabilitationn center. Ned Tijdschr Geneeskd 1999; 143: 1041-5. 

80.. Nafziger DA. Successful chlorination for Legionella at Henry Ford Hospital. Infect Dis Clin 
PractPract 1997; 7: 118. 

81.. Fiore AE, Kool JL, Carpenter J, Butler JC. Eradicating Legionella from hospital water -
Reply.. JAMA 1997; 278: 1404-5. 

82.. Helms CM, Massanari RM, Wenzel RP, Pfaller MA, Moyer NP, Hall N. Legionnaires' disease 
associatedd with a hospital water system. A five-year progress report on continuous 
hyperchlorination.. JAMA 1988;259:2423-7. 

83.. Grosserode M, Wenzel R, Pfaller M, Helms C. Continuous hyperchlorination for control of 
nosocomiall  Legionella pneumophila pneumonia: a ten-year follow-up of efficacy, 
environmentall  effects, and costs. In: Barbaree JM, Breiman RF, Dufour AP, eds. Legionella: 
currentt status and emerging perspectives. Washington, DC: American Society for 
Microbiology,, 1993:226-9. 

84.. Liu Z, Stout JE, Tedesco L, et al. Controlled evaluation of copper-silver ionization in 
eradicatingg Legionella pneumophila from a hospital water distribution system. J Infect Dis 
1994;; 169:919-22. 

85.. Stout JE, Lin YS, Goetz AM , Muder RR. Controlling Legionella in hospital water systems: 
experiencee with the superheat-and-flush method and copper-silver ionization. Infect Control 
HospHosp Epidemiol 1998; 19: 911-4. 

86.. Landeen LK . Yahya MT, Gerba CP. Efficacy of copper and silver ions and reduced levels of 
freee chlorine in inactivation of Legionella pneumophila. Appl Environ Microbiol 1989; 55: 
3045-50. . 

87.. Biurrun A, Caballero L, Pelaz C, Leon E, Gago A. Treatment of a Legionella pneumophila-
colonizedd water distribution system using copper-silver ionization and continuous 
chlorination.. Infect Control Hosp Epidemiol 1999; 20: 426-8. 

88.. Anonymous. Sustained transmission of nosocomial Legionnaires disease- Arizona and Ohio. 
MMWRMMWR Morh Mortal Wkly Rep 1997; 46: 416-21. 

89.. Rohr U, Senger M, Selenka F, Turley R, Wilhelm M. Four years of experience with silver-
copperr ionization for control of legionella in a german university hospital hot water plumbing 
systemm [In Process Citation]. Clin Infect Dis 1999; 29: 1507-11. 

90.. Granados A, Podzamczer D, Gudiol F, Manresa F. Pneumonia due to Legionella pneumophila 
andd pneumococcal pneumonia: similarities and differences on presentation. Eur Respir J 
1989;; 2: 130-4. 

91.. Macfarlane JT, Mille r AC, Roderick Smith WH, Morris AH, Rose DH. Comparative 
radiographicc features of community acquired Legionnaires' disease, pneumococcal 
pneumonia,, mycoplasma pneumonia, and psittacosis. Thorax 1984, 39: 28-33. 

27 7 



ChapterChapter 1 

92.. Yu \ 'L. kroboth FJ. Shonnard J. Broun A. McDearman S, Magnussen M. Legionnaires' 
disease:: new clinical perspective from a prospective pneumonia study. Am J Med 1982: 73: 
357-61. . 

93.. Roig J. Aguilar X. Ruiz .1. et al. Comparative study of Legionella pneumophila and other 
nosocomial-- acquired pneumonias. Chest 1 S>*-> 1; 99: 344-50. 

94.. Rul' B. Schurmann D. Horbach I. Fehrenbach FJ. Pohle HI). Prevalence and diagnosis of 
LegionellaLegionella pneumonia: a 3-vear prospective study with emphasis on application of urinarv 
antigenn detection. J Inieel Dis 199(1: 162: 1341-8. 

95.. Doinmguez JA. Ciali N. Pedroso P. et al. Comparison of the Bina\ Legionella urinarv antigen 
enzymee immunoassay (FIA) with the Biotest Legionella Urine antigen F.I A for detection of 
LegionellaLegionella antigen in both concentrated and nonconcentrated urine samples. ,/ Clin Mierobiol 
1998:: 36: 2718-22. 

96.. Hackman BA. Plouffe JF, Benson RF. Fields BS. Breiman RF. Comparison of BIN AX 
LegionellaLegionella urinary antigen FIA kit with BIN AX RIA urinarv antigen kit for detection of 
LegionellaLegionella pneumophila serogroup-1 antigen. J Clin Microbial 1996; 34: 1579-80. 

97.. Plouffe .IF. File 'I'M. Jr.. Breiman RF. et al. Ree\aluation of the definition of Legionnaires' 
disease:: use of the urinary antigen assay. Community Based Pneumonia Incidence Study 
Croup.. Clin Infect Dis 1 995: 20: 1 286-91. 

98.. Cry Id Fvaluacion del Binax Now Legionella urinary antigen test para la deteeción de 
antigenoo en orina. Enferm Infccc Microbiol ( /in 1999: 17: 70-1. 

99.. Wever PC. Kuijpcr E.I. Yzerman FPF. Speelman P. Danken J. Ketel RJv. Significance of the 
LegionellaLegionella urinary antigen test during an outbreak. In: 39th Interscience Conference on 
Antimicrobiall  Agents and Chemotherapy. Washington. DC: American Society for 
Microbiology.. 1999195. 

100.. Fepine LA. Jernigan DB. Butler JC. et al. A recurrent outbreak of nosocomial legionnaires' 
diseasee detected by urinary antigen testing: evidence for long-term colonization of a hospital 
plumbingg system. Inject Control Hasp Epidemiol 1998; 19: 905-10. 

101.. Iiore Al: . Nuorti .IP. Levine OS. et al. Fpidemic Legionnaires' disease two decades later: old 
sources,, new diagnostic methods Clin Infect Dis 1998; 26: 426-33. 

102.. Birtles RJ. Harrison TG, Samuel D. Taylor AG. evaluation of urinarv antigen FLISA Un-
diagnosingg Legionella pneumophila serogroup 1 infection. J Clin Pathol 1990; 43: 685-90. 

103.. Murdoch DR. Wal ford F.J. Jennings LC. et al. Use of the polymerase chain reaction to detect 
LegionellaLegionella DNA in urine and serum samples from patients with pneumonia. Clin Infect Dis 
1996;; 23: 475-80. 

1044 Ramirez JA. Ahkee S. Tolentino A. Miller RD. Summersgill .11'. Diagnosis of Legionella 
pneumophila.pneumophila. Mycoplasma pneumoniae, or Chlamydia pneumoniae lower respiratory 
infectionn using the polymerase chain reaction on a single throat swab specimen. Diagnostic 
MicrobiologyMicrobiology & Infectious Disease 1996: 24: 7-14. 

105.. Weir SC. Fischer SH. Stock I'. Gill \'J. Detection of Legionella by PCR in respiraton 
specimenss using a commercially available kit. American Journal of Clam al I'atlmlogy 1998; 
110:295-300. . 

106.. Fdelstcm PH. Antimicrobial chemotherapy for Legionnaires disease: time for a change. Ann 
InternIntern Med 1998; 129: 328-30. 

107.. Heath CH. Grove DL Looke DP. Delay in appropriate therapy of legionclla-pneumonia 
associatedd with increased mortality. Eur .1 ('lin Microbiol Infect Dis I 996; 15: 286-90. 

108.. Fee TC. Yickers RM. Yu VI.. Wagencr MM. Growth of 28 Legionella species on selective 
culturee media: a comparative study. ./ ('li n Microbiol 1993; 31: 2764-X. 

2S S 



Partt  I: 

Community-acquiredd Legionnaires' disease 





Chapterr  2: Outbreak of Legionnaires' 
diseasee at a bar  after  basement flooding 

',, Jay C. Butler ', P. Paul Sidney '. 

Bensonn ', Janet M Pruckler ', Ellen W. Brown ', Barry S. Fields l, and Anne Schuchat' 

Jacobuss L. Kool , Jay C. Butler , P. Paul Sidney , Marion C. Warwick , Robert F 
11 . , K. r, . . I  n , , , , n . J r> o r'- u 1 

1.. Respiratory Diseases Branch, Division of Bacterial and Mycotic Diseases, National 

Centerr for Infectious Diseases, Centers for Disease Control and Prevention, 

Atlanta,, Georgia; 

2.. Department of Health and Hospitals, City of St. Louis, Missouri. 

AA shorter version was published in: 

TheThe Lancet 1998:351:1030. 



ChapterChapter 2 

Abstract t 

Inn September 1996. three eases of Legionnaires" disease caused by Legionella 

pneumophilapneumophila serogroup 1 were identified in St. Louis. Missouri. All three patients had 

visitedd or worked in a downtown cocktail bar during the incubation period. L 

pneumophilapneumophila serogroup 1 was isolated from the reservoir of an automatic sump pump 

inn the crawlspace under the bar. These isolates were indistinguishable trom the two 

availablee clinical isolates by monoclonal antibody (MAb) pattern and by arbitrarily 

primedd polymerase chain reaction. The city had experienced exceptionally heavy 

rainfalll  during the last weekend of August 1996. causing the pump to run more than 

usual.. Water passing through the pump may have been aerosolized, and the pump was 

shownn to generate heat, which likely facilitated growth oï' L pneumophila in the sump. 

Thiss is the first time a sump pump has been implicated as the source of an outbreak of 

Legionnaires'' disease. 

Introductio n n 

Legionellacc are a frequent cause of community-acquired pneumonia in adults. 

Althoughh 80 to 90% of cases reported through surveillance are sporadic. Legionnaires" 

diseasee (LD> occasionally occurs in explosive outbreaks." During outbreaks of LD, 

attackk rates among those exposed to the source of the organism are usually less than 

5%>// Legionellac arc commonly present in natural and manmadc aquatic 

environmentss in very low or undetectable concentrations. However, under certain 

circumstances,, the concentration of organisms may increase markedly, a process 

termedd "amplification". Conditions that are favorable for the amplification of 

legionellacc include temperatures of approximately 25-42" C' in the presence of biofilm 

andd amoebae/ 

Inn most instances, transmission to humans occurs when water containing the 

organismm is aerosolized in respirable droplets (1-5 |um in diameter) and inhaled by a 

susceptiblee host. Showerheads. faucets, cooling towers, evaporative condensers, and 

respirator}}  therapy equipment can produce such aerosols and have been associated 

withh transmission of disease/' ' During the past decade, other aerosol-producing 

devicess have been identified as sources of epidemic LD. including a grocery store mist 

machine.. " decorative fountains, and whirlpool spas. ~ ' Aspiration o\' colonized 

waterr has also been proposed as a mode of transmission. In .Australia, exposure to 

certainn potting soils has been linked to cases of LD caused by Legionella 

longheaehae.longheaehae. The mode oï transmission from potting soils is unknown, but 
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productionn of aerosols from the material during watering or accidental ingestion of soil 

havee been proposed as possible mechanisms. Person-to-person transmission of 

Legionnaires""  disease has never been reported. 

Inn September 1996. two patients who lived in different areas of the city were 

admittedd with pneumonia to a hospital in St. Louis. Missouri. The diagnosis of LD 

wass confirmed by isolation of L pneumophila serogroup 1 from respiratory secretions 

off  both patients. During a conversation at the ICU coffee machine, family members of 

thee comatose patients discovered that both patients had been in the same bar (Figure 1) 

inn the preceding two weeks: one was a waitress and the other was a regular customer 

off  the bar. Hospital staff notified the Department of Health. When the owner of the 

barr was contacted it turned out that she had recently been hospitalized with pneumonia 

off  unknown etiology. Since 1992. one case of LD had been reported to the City 

Departmentt of Health and Hospitals each year. We conducted an investigation to 

identifyy any additional cases of Legionnaires" disease, to identify the source of 

infection,, and to prevent further transmission. 

Figuree 1: Bar A was located in a sparsely-populated industrial area of St. Louis. 
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Material ss and Methods 

Casee definition 

AA ease of LD was defined as pneumonia occurring in August or September 

19966 in a person who lived or worked within 2 miles of the bar or who visited the bar 

duringg August or September, and legionel losis confirmed by at least one of the 

following:: detection of Legionella in respiratory secretions by culture, detection of L 

pneumophilapneumophila serogroup 1 antigen in urine, or a fourfold rise in antibodies against 

LegionellaLegionella to a value greater than 1:128 in paired analysis of acute- and convalescent-

phasee sera. 

Casee finding 

Wee searched for other possible eases using the following strategies: 

1)) Admission and discharge records and emergency room logbooks of the five largest 

hospitalss in metropolitan St. Louis were reviewed for cases of community-acquired 

pneumoniaa of unknown etiology. Persons with pneumonia who lived or worked 

withinn ZIP-codes that included all areas within 2 miles around the bar were 

contacted.. A short questionnaire on possible exposures was administered, blood 

wass collected for serologic testing of the level of antibodies to L pneumophila by 

indirectt fluorescent antibody and a urine specimen was collected for detection of L 

pneumophilapneumophila serogroup 1 antigen by radioimmunoassay. 

2)) Local, regional, and national laboratories that test specimens from St. Louis 

residentss were contacted and asked to report all positive tests for legionellosis 

fromm residents of St. Louis since January I. 1996. 

3)3) Starting September 27. all persons visiting the bar were asked if they or anyone 

theyy knew had been ill or hospitalized with pneumonia or with fewer and 

respiratoryy symptoms in the 2 preceding months. 

4)) We asked the management and employee health clinic staff of factories and large 

officess within 2 miles around the bar if any of the employees had been ill with 

pneumoniaa in August and September. 

5)5) A letter was sent to all physicians in the metropolitan area of St. Louis to notify 

themm of the cluster of cases, to ask them to include LD in the differential diagnosis 

off  community-acquired pneumonia and to report all cases of LD to the Department 

off  Health. 

Interviews s 

Thee three identified patients were interviewed about activities and whereabouts 

duringg the 2 weeks preceding the onset of pneumonia. Questions asked included health 
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status,, smoking history, home address, oeeupation. work addresses, plaees where they 

shoppedd for groceries, use of whirlpool-spas, patronage at other bars and restaurants, 

exposuree to any other splashing water such as fountains, travel, times they were in the 

barr and their activities in the bar. and if they were aware of acquaintances or f'amilv 

memberss who had recently had pneumonia. 

Environmentall  investigation 

Too test all possible sources of Legionnaires" disease, regardless whether 

transmittedd by inhalation or aspiration, all sources of water in the bar were sampled 

andd cultured for Legionella at CDC. This included all faucets, water and ice from the 

icee machines, drink-mixing devices, standing water in a kitchen sink, the toilet Hush 

tanks,, a garden hose, and water from a sump pump basin in the crawlspace under the 

bar.. To open the crawlspace hatch, a piece of carpet had to be removed: nobody had 

enteredd this part of the building in a number of years. The area around the bar was 

surveyedd within a radius of 3 miles and all possible sources of aerosol that were 

encountered,, such as cooling towers and sprinklers, were sampled. 

Sampless were either plated directly with acid treatment as necessary or 

concentratedd by filtration, and plated on buffered charcoal-yeast extract supplemented 

withh a-ketoglutarate (BCYE-a). b Air sampling studies were performed using a six-

stagee Andersen air sampler with both selective and nonselective BCYE-a media, as 

previouslyy described. fl Environmental isolates of L pneumophila serogroup 1 were 

comparedd with isolates from patients by monoclonal antibody (MAb) testing and 

arbitrarilyy primed polymerase chain reaction (AP-PCR).1 The combination of these 

twoo subtyping methods has been used successfully in previous investigations to 

distinguishh the outbreak strain from other Legionella-sirau^s isolated from 

environmentall  samples. 

Results s 

Casee finding 

Fromm the hospitals' admission discharge lists and emergency room logs, we 

identifiedd 164 cases oi' community-acquired pneumonia of unknown etiology with 

onsett between August 1 and September 30. 1996. in inhabitants of the City of St. 

Louis.. The total population of St. Louis is approximately 400.000. Using ZIP codes, 

wee found that 14 patients either lived or worked within a distance of 2 miles from the 

bar.. In addition, we identified an employee of a factory near the bar with pneumonia 

off  unknown etiology, lor 9 of these 15 persons, urine, serum or both were tested tor 
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Legionella.Legionella. In the 8 urine samples collected, no L pneumophila antigen was detected. 

Al ll  8 collected sera had an antibody titer to L pneumophila of 1:256 or less, suggesting 

thatt these persons had not recently been in contact with L pneumophila. Four persons 

declinedd to submit specimens and two were not in St. Louis during the time of the 

investigation. . 

Inn addition to cases already known to the City Department of Health and 

Hospitals,, local and regional reference laboratories reported one confirmed case (rise 

inn serum antibodies from 0 to 1024) with onset in February and one possible case 

(singlee serum antibody titer of 1024) with onset in December 1995 or January 1996. 

Thesee persons did not live or work in the area around the bar. did not have any contact 

withh the bar. and were considered unrelated to the outbreak. 

LL pneumophila antigen was detected in urine from the owner of the bar. 

confirmingg recent infection with L pneumophila serogroup 1. The bar had a staff of 5 

persons.. Each Friday through Sunday, about 70 customers visit the bar. On other 

dayss the number of patrons is between 5 and 10. Among visitors of the bar, staff, and 

theirr acquaintances, no additional cases of pneumonia were found. For the owner of 

thee bar, onset of symptoms had been on September 1. for the waitress on September 2 

andd for the patron on September 6 (Figure 2). Isolates of L pneumophila from cultures 

off  sputum from the waitress and the patron were found to be L pneumophila serotype 

1,, subtype 1,2,3 by monoclonal antibody (MAb) testing and were indistinguishable 

withh AP-PCR (Figure 3). 

Interviews. . 

Thee only factor connecting the three case-patients was visiting or working in 
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Figuree 2: Onset of Legionnaires' disease of case-patients, preceding visits to the bar, and 
floodingg as the result of a rainstorm. Shaded areas represent days during which infection 
mayy have taken place, based on an incubation period of 2 to 14 days. Footnotes: "?, days 
duringg which this person visited or worked in bar ; ® , onset of Legionnaires' disease. 
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Figuree 3: Results of arbitrarily primed polymerase chain reaction (AP-PCR) comparing 

clinicall and environmental isolates. 1, size markers; 2, Philadelphia; 3, water from sump 

pumpp basin; 4, water from hose discharging sump water on street; 5, patron; 6, waitress; 

7,, no DNA control. 

thee bar during the weekends of August 23 to 25 and August 30 to September 1 (Figure 

2).. Two of the three patients were moderate smokers, all used alcohol, but none had 

chronicc medical conditions associated with increased susceptibility to LD. The 

numberr of confirmed cases was too small to conduct a valid case-control study. 

Environmentall  investigation. 

AA total of 52 water samples were taken from 30 sites in and around the bar. 

LegionellaLegionella was isolated from water and swab samples from the sump in the crawlspace 

underr the bar and from the rubber hose running from that sump to the street. L 

pneumophilapneumophila serogroups 1 (MAb subtypes: 1,2,3 and 1,2,5), 5, 8, and 10 were isolated. 

Thee L pneumophila serogroup 1 MAb subtype 1,2,3 isolates were identical to the two 

patientt isolates by AP-PCR (Figure 3). All other environmental samples, including 

waterr from all faucets, and water and ice used for mixing drinks at the bar. did not 

groww legionellae. Every source of water or ice inside the bar was tested. 
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Thee City of St. Louis had experienced extremely heavy precipitation on August 

23.. resulting in widespread flooding (Figures 2 and 4). Several people reported having 

seenn water being pumped from the crawlspace under the bar to the street almost 

continuouslyy on August 23. 24 and 25. This water was pumped out of the crawlspace 

byy a submerged electrical sump pump that was at least 20 years old. according to the 

ownerr (Figure 5). This pump automatically started pumping whenever the rainwater 

runofff  caused water in the crawlspace to rise to a certain level. Since the pump was 

nott located in the lowest part of the crawlspace. a significant amount of water always 

remainedd in the crawlspace (Figure 6). The floor of the crawlspace was made of soil. 

Rottingg lumber and wood chips covered large parts of the floor. The water was 

pumpedd out through a rubber hose that led to the street outside the bar. near to where 

alll  three persons who developed LD usually parked their cars. Airflow in the bar was 

mainlyy influenced by a large exhaust ventilator in the kitchen. Since no doors or 

windowss are normally open, part of the air coming into the bar may flow through 

crackss in the wooden floor from the crawlspace underneath. 

Too evaluate the potential for amplification to occur in the sump we measured 

temperaturess of the sump water before and after the electrical pump was switched on. 

Thee sump pump was the only source of heat in the crawlspace. The sump water 

temperaturee was 19.5 °C before the sump pump was run and rose to 21 °C after the 
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Figuree 5: Sump pump in operation. A jet of water can be seen coming out of the side 
(arrow).. This jet probably produced aerosol. 

pumpp had operated for only 10 minutes. The casing of the pump was noted to be 

warmm to touch immediately after the pump had switched off and was lifted out of the 

sump.. Air samples were collected from the basement and on the sidewalk in front of 

thee bar while the pump was operating; however, culture plates were overgrown with 

otherr bacteria and fungi, and no legionellae could be isolated. 

Interventions. . 

Onn September 20. the bar was closed voluntarily by the owner. It reopened on 

Septemberr 27. after preliminary results of the investigation were available and the 

sumpp pump was disconnected. Recommendations to the bar owner included installing 

aa pump that is not submerged in order to lessen heat transfer to puddled water in the 

sumpp and connecting the pump to the sewer system instead of pumping the water to 

thee street outside the bar. 
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Figuree 6: Crawlspace under the bar. 

Discussion n 

Thee case-patients denied any shared location or exposure outside of the bar. 

Thee absence of additional cases in the community in spite of extensive case-finding 

effortss suggests that the outbreak was indeed confined to persons who visited the bar. 

Thee observed attack ratio of 4% is similar to that found in other outbreaks." In the first 

recognizedd outbreak, in Philadelphia in 1976.14 the attack ratio among conventioneers 

wass 3c/c 

Thee close clustering of the cases in time suggests an exposure of short duration, 

probablyy a few days. The incubation period of Legionnaires' disease is generally 

assumedd to be between 2 and 10 days. However, in the outbreak in Philadelphia in 

1976.. onset was as long as 16 and 26 days after exposure for 2 of 72 persons. '' If the 

incubationn period was as long as 14 days, it is possible that all three patients in this 

reportt acquired infection at the bar during the weekend of August 23 to 25 when the 

sumpp pump was observed to be in almost constant operation (figure 1). 

Sincee the area around the bar is sparsely populated and many buildings are not 

used,, we probably were able to identify and test all possible sources of aerosol within 
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22 miles from the bar. Transmission through aspiration of contaminated water is 

unlikelyy since samples were taken from all sources of potable water and ice inside the 

bar,, but from none of these was Legionella recovered. Comparison of clinical and 

environmentall  isolates, by DNA fingerprinting and monoclonal antibody subtyping, 

identifiedd the sump pump in the crawlspace under the bar as the probable source of the 

infection. . 

Thee city of St. Louis experienced extremely heavy rainfall on August 23, 

causingg scattered flooding. This caused the pump in the crawlspace under the bar to 

runn more than usual in the following days. The temporal relation between flooding 

andd onset of cases may explain the apparent short duration of the outbreak. As a result 

off  friction and/or electrical resistance, the pump produced a considerable amount of 

heatt while running. It is possible that the pump provided sufficient heat in the sump to 

createe a temperature favorable for the amplification of Legionella. 

Rainwaterr seeping into the crawlspace may have introduced organisms from 

surroundingg soil. Certain factors in the composition of the soil in the crawlspace may 

havee contributed to the presence of legionellae, in particular the presence of sawdust 

andd rotting wood on the floor of the crawlspace. In a test of 64 potting soils from 

Australiaa and Europe, investigators could isolate Legionella only from those potting 

mixess that contained sawdust or hammer milled bark." The aerosol may have 

originatedd from a powerful jet of water coming out of the side of the sump pump 

(figuree 3), and may then have floated upward through cracks in the bar's floor, drawn 

byy the suction from the exhaust ventilator in the kitchen of the bar. Another possibility 

iss that water from the sump pump may have been aerosolized by splashing on the 

streett outside of the bar. 

Thee control measure was disconnection of the sump pump. No new cases of 

Legionnaires'' disease have been identified in the City of St. Louis that could be 

connectedd to the bar for more than 2 years thereafter. 

Too our knowledge, this is the first time that a sump pump has been implicated 

ass the source of an outbreak of Legionnaires' disease. Although the circumstances of 

thiss outbreak were unusual, our findings highlight the need for better understanding of 

thee ecology of legionellae and the potential for transmission of legionellae from 

previouslyy unrecognized sources. These data will be needed to develop effective 

methodss to prevent infection. 
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Summar y y 

Ann epidemiological and microbiological investigation of a cluster of N cases of 

Legionnaires'' disease in Los Angeles County in November 1997 yielded conflicting 

results.. The epidemiological part of the investigation implicated one of several mobile 

coolingg towers used by a film studio in the center of the outbreak area. However, 

waterr sampled from these cooling towers contained Legionella pneumophila serogroup 

11 of another subtype than the strain that was recovered from the outbreak case-

patients.. Samples from two cooling towers located downwind from all the case-

patientss contained a Legionella strain that was indistinguishable from the outbreak 

strainn by four subtyping techniques (AP-PCR. PFGE. MAb. and MLHE). It is unlikely 

thatt these cooling towers infected all the case-patients, and they were not associated 

withh risk of disease in the case-control study. The outbreak strain also was not 

distinguishable,, by three subtyping techniques (AP-PCR. PFGE. and MAb). from a L 

pneumophilapneumophila strain that had caused an outbreak in Providence. Rl. in 1993. 

Inn this investigation, microbiology was helpful for distinguishing the outbreak 

clusterr from unrelated cases of Legionnaires' disease occurring elsewhere. However, 

multiplee subtyping techniques failed to distinguish environmental sources that were 

probablyy not associated with the outbreak. 

Backgroun d d 

Legionnaires'' disease is a severe form of pneumonia caused by infection with 

bacteriaa of the genus Legionella. Legionella bacteria are commonly present in man-

madee water systems, and can grow to high concentrations when the water temperature 

iss between 25 and 42' C. They cause disease when a susceptible person inhales a 

contaminatedd aerosol or aspirates contaminated water. Showers, faucets, cooling 

towers,, and many other devices can produce these aerosols, liven during outbreaks of 

Legionnaires'' disease, attack rates are low: generally < 5% of persons exposed to a 

contaminatedd aerosol become ill . The majority of cases are sporadic, i.e. not part of a 

recognizedd outbreak. Person-to-person transmission of Legionnaires' disease does 

nott occur. Legionnaires' disease is severely underdiagnosed and underreported. 

Therefore,, detection of a small cluster of legionellosis case-patients often indicates a 

muchh larger problem. 

Inn the first week of December 1997. the Acute Communicable Disease Control 

Unitt of the Los Angeles County (LAC) Department of Health Services received 

reportss of 6 cases of Legionnaires' disease, three in persons residing or working in 
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Culverr City with onset of disease between November 17 and 20. In 1996. 12 eases of 

Legionnaires'' disease had been reported in all of LAC (population -9.8 million, for an 

incidencee density rate of 0.12 reported cases per 100.000 persons per year). The 

populationn of Culver City is approximately 40.000. Based on the background LAC 

incidencee rate, the Poisson probability of three unrelated cases occurring by chance in 

Culverr City within one week is < 0.00 000 000 5. 

Ann investigation was initiated in collaboration with the Centers for Disease 

Controll  and Prevention (CDC) to determine the extent of the outbreak and to identify a 

sourcee of transmission. 

Methods s 

Casee finding 

Pulmonologists.. infectious disease physicians, internists and infection control 

practitionerss of all LAC hospitals were faxed information about the outbreak and 

requestedd to test patients with pneumonia for Legionella and to immediately report all 

unreportedd or newly diagnosed legionellosis cases to the LAC Health Department. 

Locall  clinical laboratories in LAC and reference laboratories that performed 

LegionellaLegionella tests for LAC physicians were contacted to request lists of positive 

LegionellaLegionella test results in LAC residents. At the main hospital serving Culver City we 

reviewedd medical records of all patients who had pneumonia with onset during the 

precedingg 3 months to try and identify patients with unreported legionellosis or with 

pneumoniaa in which the etiologic agent was not identified but who could still be tested 

withh the Legionella urine antigen test. 

Too determine the extent of the outbreak we compared isolates from case-

patientss within the outbreak cluster to isolates from patients in other parts of LAC by 

monoclonall  antibody testing (MAb)r pulsed-field gel electrophoresis (PFCE), and 

arbitrarilyy primed polymerase chain reaction (AP-PCR)/ 

Wee defined the outbreak area for this investigation as consisting of a large part 

off  Culver City and a southern strip of the adjacent city of Palms (Figure 1). We 

definedd a case of Legionnaires*  disease as illness occurring in a person living or 

workingg within the outbreak area with a clinical presentation of pneumonia, confirmed 

byy chest radiograph, with onset in November or December 1997, plus at least one of 

thee following: 

 isolation of Legionella from lung tissue or respiratory secretions. 
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 a fourfold or greater rise in paired acute- and convalescent-phase antibody against 

LegionellaLegionella pneumophila serogroup 1 to a titer of 1:128 or higher. 

 a positive direct fluorescent antibody test for Legionella pneumophila serogroup 1 

fromm lung tissue or respiratory secretions. 

 detection of Legionella pneumophila serogroup 1 antigen in urine. 

Al ll  case-patients or their surrogates were interviewed using an open-ended 

questionnairee asking them to describe their daily activities and if they had done 

anythingg unusual in the 2 weeks preceding their illness. They were also asked if they 

kneww anyone else who had become ill . The case-control study questionnaire was 

basedd on the results of these interviews. 

Case-controll  study 

Case-patientss were assigned a disease category 1 through 4, based on their 

underlyingg disease status: 

1.. healthy non-smoker 

2.. healthy smoker 

3.. persons with chronic non-immunocompromising disease 

4.. persons taking immunosuppressive medication or persons with 

immunocompromisingg disease. 
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Forr each case-patient, two controls were selected within the same underlying 

diseasee category (category matching) from patient lists and records that were supplied 

too us by physicians with offices in the Culver City. They were contacted by phone to 

verifyy the underlying disease and smoking status. Selection for a matched set was 

completee when we had found 2 eligible and cooperative controls. 

Interviewerss visited each case-patient and each control in person to administer a 

standardd questionnaire about their activities and whereabouts in the 2 weeks preceding 

thee disease onset in the case-patient. The interviewees were shown a calendar to 

facilitatee recall of specific activities. Questions included: 

 where they shopped for groceries and other necessities. 

 if they visited banks, post offices, churches, schools. 

 Where they ate and if they visited any restaurants, 

 if they had been near to the car wash. 

 if they visited a hospital. 

 where they usually showered or bathed. 

 if they had used a whirlpool spa or other public bathing facility. 

 what mode of transportation they had used, which bus stops they had waited at. 

whichh routes they walked frequently, 

 if they had been near to any decorative fountains. 

 if they drank from any public drinking fountains. 

 if they had traveled outside of the Culver City area. 

 if anyone among his or her family, friends, or neighbors had been ill with 

respiratoryy disease. 

Att the end of each interview a map of Culver City and vicinity was shown on 

whichh lines were drawn that divided the area into nine sub-areas (Figure 1). 

Intervieweess were asked to rank these sub-areas according to the amount of time they 

hadd spent in each during the 2-week period. 

Afterr two cooling towers in the east of Culver City were found to contain 

LegionellaLegionella strains identical to the outbreak strain (see Results section), all case-

patientss and controls were re-interviewed and asked specifically if they had been in the 

vicinityy of these two locations. 

Matchedd odds ratios were calculated with the McNemar test (stratified Mantel -

Haenszel)) using Epi-Info version 6. Confidence intervals were estimated using exact 

methods. . 
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Environmentall  investigation 

Startingg one week after the onset of the last case-patient we surveved the 

outbreakk area on foot and from high buildings, looking for potential sources of aerosol 

suchh as cooling towers. Aerial photographs of Culver City and vicinity were studied 

forr the same purpose. We interviewed people working and living in the area about 

possiblee temporary or hidden sources of aerosol and about locations of public drinking 

fountains.. After the epidemiological analysis showed that visiting or living in sub-

areass 4 and 5 (Figure 1) was associated with risk of contracting Legionnaires' disease, 

thesee sub-areas and sub-area 3 {which was upwind from sub-areas 4 and 5) were 

systematicallyy searched for any missed sources of aerosol. In sub-areas 3, 4. and 5 

operatorss of all apartment complexes, offices, factories, and other buildings large 

enoughh to potentially use a cooling tower were contacted and asked if a cooling tower 

orr evaporative condenser was present. If the answer was positive or questionable, 

thesee buildings were inspected. We sampled all identified aerosol sources. Hot and 

coldd water was sampled in the home of one case-patient and at several other sites 

withinn both municipal water distribution systems. 

Weatherr reports of the Los Angeles Times newspaper were reviewed and the 

nationall  weather service at LA International Airport was contacted to obtain 

informationn about the wind direction on each day in November. 

Laboratoryy methods 

TwoTwo swab samples and two 1L bottles of water were collected from each site 

andd were cultured for Legionella and serogrouped both by the LAC Public Health 

Laboratoryy and by the CDC Respiratory Diseases laboratory in Atlanta. If overgrowth 

off  media occurred, samples were acid treated as described previously."' 

Att the CDC all Legionella pneumophila serogroup 1 isolates were subtyped 

usingg monoclonal antibodies (MAb) by dot immunoblot ": isolates of the same MAb 

subtypee as the clinical isolates were also compared to these isolates by AP-PCR.' 

multilocuss enzyme electrophoresis (MLFH). and. at the LAC Public Health 

Laboratory,, by pulsed-field gel electrophoresis (PF(iE). 

AP-PCRR was performed with 1 uM primer (Ml 3 Forward. 21 bp: 5' TTA TCiT 

AAAA ACG ACG GCC ACT 3'). 5 ul boiled cell lysate. and 0.25 U of Taq DNA 

polymerasee (Perkin-Elmcr Cetus). Amplification was performed in a DNA thermal 

cyclerr (Perkin-Llmer Cetus) programmed for 45 cycles of 1 min at 94 C. 1 min at 36 

C.. and 2 min at 72 C. Amplicons were analyzed by agarose gel electrophoresis and 

visualizedd by ethidium bromide staining. 

MLEFF was performed according to published methods. 
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Forr PFGE. bacteria were grown on BCYE agar at 35°C in '/oo CO. for 72 

hours.. Bacterial cells were washed and suspended in TES buffer (200mM NaCl, 

lOmMM Tris, lOOmM EDTA). and the turbidity was adjusted to an optical density of 1.2 

att 600nm. Genomic DNA was obtained as previously described." Restriction 

digestionn of genomic DNA was performed with 100Ü of Sfi I (Boehringer Mannheim 

Corporation,, Indianapolis, IN) for 18 hours at 50°C. A 1x5mm plug slice was 

electrophoresedd using a 1% PFGE certified agarose gel and 0.5X Tris-Borate-EDTA 

buffer.. PFGE was achieved using the contour-clamped homogenous electric field 

systemm (CHEF Mapper. BioRad. Hercules. CA) at 14°C and 200V. increasing switch 

timess of 10 to 35 seconds for 22 hours. Lambda ladder (Boehringer Mannheim) was 

usedd as the molecular weight standard. The gel was stained with ethidium bromide, 

destained,, and imaged via the Alpha Innotech image acquisition system. 
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Figuree 2: Cases of Legionnaires' disease by date of onset, Culver City, November 1997 

too January 1998. A horizontal arrow shows the possible dates of exposure, based on an 

incubationn time of 2 to 10 days. The right side of the arrow is dotted because the last 

case-patientt was diagnosed with the urinary antigen test, making it impossible to confirm 

thatt this patient was infected with the same Legionella strain as the other case-patients. 

Verticall arrows indicate approximate dates of control measures. Footnotes: * based on 

ann incubation time of 2 to 10 days; ** dates are approximate. 
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Results s 

Resultss of the epidemiological investigation 

Eightt eases of Legionnaires' disease were identified, with onset between 

Novemberr 1 and December 8. who lived or worked in the outbreak area (Figures 2 and 

3).. Seven more legionellosis cases occurred around the same time in other parts of 

LAC.. with residential addresses at distances of 5 to 17 miles from Culver City. None 

off  these case-patients worked in the vicinity of Culver City and had not visited the area 

inn the two weeks preceding the onset of their illness. Three L pneumophila serogroup 

11 isolates from these case-patients were available for testing and these were different 

fromm each other and from the outbreak strain by MAb. AP-PCR. and PFGE (Figure 4). 

Thesee case-patients were therefore considered to be unrelated to the outbreak. 

Fivee of the outbreak case-patients were diagnosed by detection of /. 

pneumophilapneumophila serogroup 1 antigen in their urine and three were diagnosed through 

isolationn of L pneumophila serogroup 1 from respiratory secretions. All three clinical 

LegionellaLegionella isolates were of MAb subtype (1.2.5.6) and were indistinguishable by AP-

Figuree 3: Map with the location of residence or work place of case-patients, cooling 
towerss A and B, and drinking water distribution areas of the two water providers. A wind 
rosee is shown in the lower left corner; the length of each arrow represents the number of 
dayss that the wind blew in that direction during the period of November 6 through 22. 
Abbreviations:: DWP. Los Angeles City Department of Water and Power: SCWC. 
Southernn California Water Company. 
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Figuree 4: Pulsed-field gel electrophoresis comparing Legionella isolated from outbreak 
case-patientss to strains from unrelated cases of Legionnaires' disease that occurred 
aroundd the same time in Los Angeles County. Description of lanes: 1, lambda ladder; 2-4. 
patientss that were part of the outbreak; 5-7, non-outbreak case-patients; 8, lambda ladder. 
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PCR.. PFGL. and ML Eh. 

Se\'cnn case-patients had onset in the week of No\ember 17 to 24. the eighth, 

whoo was continued by the urine antigen test, had onset on December 8 (Figure 2). 

Thee ages of the patients ranged from 32 to 74 years with a median age of 48 years. Six 

patientss were male. One patient was a healthy non-smoker, two were smokers without 

chronicc medical conditions, three patients had chronic non-immunocompromising 

disease,, and two had symptomatic HIV' infection. Seven of the case-patients lived 

withinn a 1.5 x 1.5-mile area. One patient lived elsewhere but worked as an executive 

inn the office of a film studio in Culver City (Figure 3). This patient drove to work by 

carr and rarely visited any locations outside of the film studio but he frequently went 

outsidee to smoke. 

Thee case-control study associated visiting or living in sub-area 4 and 5 in the west of 

Culverr City (Figure 1) with risk of disease. Case-patients were more likely than 

controlss to indicate that sub-area 4 was among the two most frequently visited 

locationss (matched odds ratio [MOR], 9.0; 95% confidence interval [CI] . 0.9-453) and 

thatt the adjacent sub-area 5 was among the three most frequented locations (MOR, 

11.4:: 95% CL 1.1-571). 

Answeringg "yes" to the question "Do you drive your own car?" was highly 

protectivee (MOR was undefined; unmatched odds ratio. 0.0; 95% CI 0.0-0.21). 

Patientss that did not drive their own car usually went on foot for their daily activities, 

andd took the bus or were driven by family or friends whenever they needed to travel 

outsidee of the Culver City area. Use of specific bus stops was not associated with risk 

o\~o\~ disease and other locations or activities also were not statistically associated with 

riskk of disease. 

Afterr cooling towers A and B (Figure 3) were found to contain Legionella that 

couldd not be distinguished from the outbreak strain, the case-patients and controls 

weree re-interviewed. One patient and his controls were excluded because he had died 

duringg the investigation and his surrogates knew littl e about his habits and 

whereabouts.. The individual shops and locations around cooling tower A and B as 

welll  as a summary variable, which included all shops and locations around cooling 

towerss A and B. were not significantly associated with risk of disease. Although five 

off  the 7 re-interviewed case-patients came within 3 blocks of cooling tower A on at 

leastt one occasion in the 2 weeks before onset of disease, they were no more likely to 

doo so than their controls (MOR. 1.96; 95"o CI. 0.2-98). Only two case-patients were 

withinn 3 blocks of cooling tower B. Two case-patients indicated that they had not 

beenn in the vicinitv of either coolinu tower. 
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Resultss of environmental investigation 

Wee sampled 66 different potential sources; Legionella pneumophila serogroup 

11 was identified in 20 (30%) of these. Sampled sites included 38 cooling towers, 17 

(45%)) of which were shown to contain Legionella pneumophila (Table). Isolates from 

twoo different cooling towers in the east of the city where the outbreak occurred 

(markedd with "'A" and "B" in Figure 1) were indistinguishable from the outbreak strain 

byy MAb, AP-PCR, PFGE (Figure 5), and MLBE. MAb. AP-PCR, and PFGE patterns 

Typ ee of samplin g sit e 
Fixedd cooling towers 

Numbe rr  of 
differen t t 
site s s 
32 2 

Mobilee cooling towers* 

Numbe rr  fro m 
whic h h 
Legionella Legionella 
was s 
recovere d d 
15 5 

Decorativee fountains 
Hott water in a patient's 
privatee home 
Carr wash recycled 
water r 
Filmm studio water tower 
Filmm studio saucer tank 
(usedd for underwater 
filming) ) 
Waterr blasters 
(connectedd to DWP 
drinkingg water) 
Waterr truck that had 
suppliedd a water blaster 
Firee hydrants that 
suppliedd water blasters 
Dryy cleaner 
evaporativee cooling 
device e 

10 0 
2 2 

1 1 

3 3 
1 1 

1 1 

1 1 

8 8 

1 1 

0 0 
0 0 

0 0 

0 0 
1 1 

1 1 

1 1 

0 0 

1 1 

Serogrou pp (MAb 
subtype ) ) 
Serogoupp 1: (1,6,7), (1,6), 
(1,2,5,6),, (1,4,7), 
serogroupp 4; serogroup 
10;; non-1 unknown 
serogroup;; unidentified 
Legionella-WkeLegionella-Wke organism. 
Serogroupp 1 (1,6,7), 
unidentifiedd Legionella sp. 

Serogroupp 4 

Serogroupp 1 (1,4,7) 

Serogroupp 1 (1,6,7) 

Total l 66 6 20 0 

Table:: Summary of sites from which samples for Legionella were collected. Footnotes: * 
Mostt of the mobile cooling towers had been treated with sodium hypochlorite prior to 
sampling,, including the ones that yielded Legionella. 
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Figuree 5: Pulsed-field gel electrophoresis comparing Legionella pneumophila serogroup 

11 isolates from outbreak case-patients and environmental samples from Culver City. 

Laness 2. 3, 4. 5. and 6 are indistinguishable, except for a "band" of partially or 

undigestedd DNA in lane 4, which we consider an artifact. Description of lanes: 1, 

lambdaa ladder; 2. 3, and 4, patients that were part of the outbreak; 5 and 6, cooling 

towerss A and B; 7. mobile cooling tower at the film studio; 8, other cooling tower; 9, 

lambdaa ladder. 
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weree also indistinguishable from isolates of an outbreak that had occurred in 

Providence,, Rhode Island, in 1993 (Figure 6).3'6 

Onee of the sources containing Legionella pneumophila serogroup 1 (MAb 

subtypess [1,6] and [1,6,7], different from patient isolates) was a hospital cooling tower 

(coolingg tower C in Figure 3). Two of the cooling towers that harbored Legionella 

weree mobile units at a film studio. These were used intermittently whenever a stage 

productionn required it. There had been several stage productions in November during 

whichh mobile cooling towers were used but it was not possible to find out which ones 

weree used and at what times, because no log was kept. The film studio's fixed cooling 

towerss were routinely disinfected according to a schedule, and biocide concentrations 

weree monitored and logged. No routine disinfection had been done between the time 

off  the outbreak and the time of the environmental sampling. The mobile cooling 

towers,, however, were not routinely treated and may not have been disinfected for 

severall  years prior to the outbreak. 

Att the time of the investigation most mobile cooling towers were drained and 

nott in operation. When apprised of the outbreak, the film studio decontaminated all 

mobilee cooling towers with sodium hypochlorite. We sampled the mobile cooling 

towerss after they had already been decontaminated. Nevertheless, samples from two 

off  these mobile cooling towers yielded Legionella pneumophila serogroup 1 of MAb 

subtypee (1,6,7); different from the outbreak strain. 

Thee predominant wind direction during the entire month of November was 

fromm the west and southwest (Figure 3). Only once, on November 22, was the wind 

predominantlyy from the east. Therefore, cooling towers A and B were situated 

downwindd from the residences and the work place of all the case-patients and they 

weree also downwind from sub-areas 4 and 5 (Figure 1 and 3). 

Thee residences and the work place of the case-patients did not have a common 

waterr provider (Figure 3). No water piping construction or pipe network dead ends 

weree identified that may have been related to the outbreak. Water authorities informed 

uss that there had been no water system-related events such as leaks or pressure drops 

inn October or November. Water samples collected from the hot water system of one 

case-patient'ss home were negative. 

Onee of the public utility companies was operating a sewer line excavation site 

inn the area where water blasters were used to remove concrete from old underground 

sewerr lines. A water blaster emits water at very high pressure, resulting in aerosol. 

Possiblyy this aerosol escaped through manholes that were used for ventilation along 

thee sewer line. With the help of water utility staff the locations of these manholes 
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Figuree 6: Pulsed-field gel electrophoresis of isolates collected during four outbreaks. The 

isolatess from Culver City (lanes 7 and 8) are indistinguishable from isolates from the 

Providencee outbreak (lanes 3 and 5). Description of lanes: 1, lambda ladder; 2. Fall River 

19933 environmental isolate; 3, Providence 1993 environmental isolate: 4, Fall River 1993 

clinicall isolate; 5, Providence 1993 clinical isolate; 6. unrelated control strain of L 

pneumophilapneumophila serogroup 1: 7. Culver City cooling tower A: 8. Culver City cooling tower B; 

9,, lambda ladder. 

weree noted and added to the case-control questionnaire. Water used by the water 

blasterss came from the drinking water distribution system through fire hydrants. 

Waterr and swabs were sampled from these hydrants and from water blasters but 

yieldedd no Legionella. A sample from a water truck that had supplied water to one of 

thee water blasters yielded Legionella pneumophila serogroup 1, MAb subtype (1.4.7). 

However,, more detailed information from its log showed that this water truck had not 

beenn used in Culver City in November. 

Anotherr potential source of aerosol was a ear wash. Only cold water was used 

here.. Water samples taken from recycled car wash water yielded no Legionella. 
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AA water tower at the film studio was noted to leak large amounts of water at the 

timee of the investigation, producing sprays of water possibly resulting in some aerosol. 

Wee collected water and swab samples from the leaking pipe and from the inside of the 

waterr tank. These samples were also negative. No heat source was identified that 

couldd have increased the temperature of the water in this tower. 

Discussion n 

AA cluster of Legionnaires' disease cases caused by a single strain of L 

pneumophilapneumophila occurred in November 1997. Epidemiological investigation suggested an 

environmentall  common source but microbiology failed to identify the outbreak strain 

inn the implicated locale. If a single source caused the outbreak, it may have been 

missedd during the environmental survey and epidemiological investigation, it may 

havee been decontaminated prior to sampling, or it may have disseminated Legionella 

forr only a short duration. The latter possibility is corroborated by transmission 

primarilyy occurring during a one-week period in November, well before any 

decontaminationn of possible sources was done (Figure 2). The patient with onset on 

Decemberr 8 was diagnosed with the urine antigen test. This made it impossible to 

comparee this patient's strain to the outbreak strain. It is possible that the source of the 

outbreakk had already stopped disseminating Legionella by late November and that the 

Decemberr 8 case was not related to the outbreak. 

Thee mobile cooling towers from the film studio were shown to harbor 

LegionellaLegionella pneumophila serogroup 1. The routinely short periods of use of these 

devicess would fit with the apparent short duration of the outbreak. Moreover, these 

weree located in the area implicated by the epidemiological analysis in combination 

withh the wind direction. Since some of these devices were drained and disinfected at 

thee time of the investigation, the results from sampling may have been unreliable. 

Thee finding that driving one's own car was protective may indicate air-borne 

spreadd on the street or another common source in a public place, as opposed to. for 

example,, drinking water in patients' homes. This latter possibility was made further 

unlikelyy by the fact that two different water authorities supplied the patients' 

residencess with water from two different origins and that no Legionella was recovered 

fromm drinking water (from a patient's home and from 8 fire hydrants, in both water 

distributionn systems). 

Thee matched case-control study showed that visiting sub-area 4 or 5 in the west 

off  the city was associated with risk of disease. However, no environmental source in or 
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nearr these areas was identified that harbored Legionella strains identical to the 

patients""  isolates. 

Thee two cooling towers (cooling tower A and B, Figure 3), whose Legionella 

isolatess were indistinguishable from the three available patient isolates by four 

subtypingg techniques, are located in the east of the city where the outbreak occurred. 

Thee finding that a single clonal strain of Legionella was isolated from two 

geographicallyy dispersed environmental sources suggests that this particular strain was 

commonn in that area. The epidemiology and the information about wind direction 

arguee against either cooling tower being the sole source of the outbreak. In other 

words,, it is unlikely that cooling towers A and B could have infected all case-patients. 

Moreover,, had either cooling tower been the source of this outbreak, we could have 

expectedd to find at least some case-patients downwind from it. Also, since the cooling 

towerss were still contaminated at the time of sampling, persons should have continued 

too be infected up to the time of decontamination; however, the outbreak appeared to 

havee stopped at least one month before any decontamination of cooling towers A and 

BB was done (Figure 2). Cooling towers A and B also were not statistically associated 

withh risk of disease in the case-control study, although this study had low statistical 

powerr due to the small number of subjects. 

Becausee of the low statistical power of the case-control study we could not 

completelyy rule out that cooling towers A and B were associated with the outbreak, or 

thatt they contributed by infecting some of the cases, but in view of the data discussed 

abovee it seems unlikely that either cooling tower caused the outbreak. It was not 

possiblee to confirm by microbiological subtyping that the case-patients diagnosed by 

thee urinary antigen test were all related to the culture-confirmed cases. However, the 

probabilityy of unrelated cases of Legionnaires' disease occurring in such a small 

populationn within such a short period of time is extremely low. Likewise, it seems 

extremelyy unlikely that two independent environmental sources would have caused an 

outbreakk at the same time. 

Thee operators of all cooling towers that harbored Legionella were informed of 

thee study findings and advised to follow published guidelines for maintenance and 

treatmentt of cooling towers. In addition, the owners of the two laboratory-implicated 

coolingg towers A and B and the hospital (owner of cooling tower C) were advised to 

decontaminatee their cooling towers. The management of the film studio was 

instructedd to pay particular attention to proper decontamination of all mobile cooling 

towerss and to maintain and monitor levels of biocide in these. 
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Noo new cases of Legionnaires" disease have been reported from the area where 

thee outbreak occurred in the two following years. 

Molecularr subtyping was useful in our outbreak investigation because it 

distinguishedd clinical outbreak isolates from clinical isolates of patients in other areas 

off  the County, thus helping to focus the epidemiological and environmental 

investigation.. However, multiple DNA fingerprinting techniques could not distinguish 

isolatess of two cooling towers from each other, from the outbreak strain, and even 

fromm an unrelated Legionnaires' disease outbreak that occurred in 1993 in Rhode 

Island.'166 This implies that this subtype may be common in the United States or that 

thee applied subtyping techniques did not possess sufficient resolution for this 

particularr strain. Other investigators have made similar observations. A study in 

Paris,, France, found that 25 of 75 epidemiological̂ unrelated clinical Legionella 

isolatess obtained over a 10-year period and 16 of 64 randomly selected environmental 

isolatess were indistinguishable by AP-PCR and PFGE. A comparison of Legionella 

isolatess from seven epidemic investigations found identical PFGE- and AP-PCR 

patternss in several cpidemiologically unrelated strains.1 However, this is the first 

reportt that as many as four different subtyping techniques failed to distinguish between 

LegionellaLegionella strains from geographically distant locations. 

Thee importance of interpreting the results of environmental testing and subtype 

analysiss in the light of epidemiological data is illustrated by an investigation of 

Legionnaires'' disease occurring in Washington Parish, Louisiana in 1989. Of 200 

waterr specimens initially collected, only one, a specimen from a cooling tower, 

containedd the same subtype of L pneumophila serogroup 1 as that isolated from 

patients.. However, a case-control study systematically showed that case-patients were 

muchh more likely than controls to shop at a specific grocery store across town from the 

coolingg tower. Case-patients were more likely than controls to have bought items in 

onee section of the produce display. Adjacent to this display was an ultrasonic mist 

machine,, and the reservoir of this machine contained L pneumophila serogroup 1 

matchingg the epidemic strain by monoclonal antibody testing. The mist machine was 

removedd from the store and the outbreak ended. Had the investigation been limited to 

collectionn of water specimens, the cooling tower would have been implicated as the 

sourcee of the outbreak, while the actual source would have remained undetected and 

causedd additional cases. 

Ourr study results again illustrated the importance of epidemiology for the 

investigationn of legionellosis outbreaks. Microbiological investigations are invaluable 
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forr investigating outbreaks of Legionnaires' disease but even extensive subtyping may 

nott accurately identify the source of an outbreak in the absence of epidemiological 

data. . 
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Abstract t 
Objective::  To investigate a eluster of eases of Legionnaires' disease among patients 

att a hospital. 

Setting::  A university hospital that is a regional transplant center. 

Design::  Retrospective review of microbiology and serology data from the hospital 

laboratoriess and prospective surveillance via the radiology department: a case-control 

studyy and environmental sampling within the hospital and from nearby cooling towers. 

Results::  Diagnosis of seven cases of Legionnaires' disease in the first 9 months of 

19966 led to recognition of a nosocomial outbreak that may have begun as early as 

1979.. Review of charts from 1987 through September 1996 identified 25 culture-

confirmedd cases of nosocomial or possibly nosocomial Legionnaire's disease, 

includingg 18 in bone marrow and heart transplant patients. Twelve patients (48%) 

died.. During the first 9 months of 1996. the attack rate was 6% among cardiac and 

bonee marrow transplant patients. For cases that occurred before 1996. intubation was 

associatedd with increased risk for disease. High-dose corticosteroid medication was 

stronglyy associated with the risk for disease, but other immunosuppressive therapy or 

cancerr chemotherapy was not. Several species and serogroups of Legionella were 

isolatedd from numerous sites within the hospital's potable water system. Six of seven 

availablee clinical isolates were indistinguishable from each other and from 

environmentall  isolates by pulsed-field gel electrophoresis. Initial infection control 

measuress failed to interrupt nosocomial acquisition of infection. After extensive 

modificationss to the water system, closely monitored repeated hyperchlorination, and 

reductionn of patient exposures to aerosols, transmission was interrupted. No cases 

havee been identified since September 1996. 

Conclusions::  Legionella can colonize hospital potable water systems for long periods 

ofof time. resulting in an ongoing risk for patients, especially those who are 

immunocompromised.. In this hospital, nosocomial transmission possibly occurred for 

moree than 17 years and was interrupted in 1996. after a sudden increase in incidence 

ledd to its recognition. Hospitals specializing in the care of immunocompromised 

patientss (e.g.. transplant centers) should prioritize surveillance for Legionnaires' 

disease.. Aggressive control measures can successfully interrupt transmission of this 

disease. . 
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Introductio n n 

Ann estimated 8.000 - 18,000 cases of Legionnaires' disease occur each year in 

thee United States.' Of the cases reported to CDC. approximately 23% are 

nosocomial// Numerous nosocomial outbreaks of the disease have been described, 

frequentlyy among transplant patients/"*  Most nosocomial outbreaks were linked to 

LegionellaLegionella colonizing the hospital's domestic hot water system.'"1 Others were linked 

too cooling towers "~ or to the use of tap water for cleaning respiratory therapy 

equipment.""  "~ Transmission often occurred for years before the problem was 

identified.. The Guidelines for Prevention of Nosocomial Pneumonia by the Hospital 

Infectionn Control Practices Advisory Committee (HICPAC),'1 which were first 

publishedd in 1994. recommend maintaining a high index of suspicion for 

Legionnaires'' disease among hospitalized patients and initiating an investigation after 

identificationn of a single case of nosocomial Legionnaires' disease or two possibly 

nosocomiall  cases that have onset within 6 months. 

Duringg the first 3 months of 1996. three cases of possibly nosocomial 

Legionnaires'' disease were identified in a hospital that is a regional transplant center 

inn the southwestern United States. At this facility, approximately 30 to 40 cardiac 

transplantss (CT) are performed each year, and from 1987 to 1996. the number of bone 

marroww transplants (BMT) increased gradually from zero to approximately 160. An 

investigationn was initiated to define the magnitude of the problem, to identify the 

source(s)) of transmission of Legionella, and to design interventions to prevent 

additionall  cases. The Arizona Department of Health Sen ices joined the investigation 

inn April and the Centers for Disease Control and Prevention (CDC) joined the 

investigationn in August. 

Methods s 

Surveillancee for new cases of nosocomial Legionnaires' disease 

Beginningg in August 1996, all patients with a chest radiograph suggestive of 

pneumoniaa who had been in the hospital for at least 48 hours during the previous 10 

dayss were evaluated for Legionnaires*  disease. Sputum (or bronchial lavage), serum, 

andd urine specimens were collected from all these patients. Urine specimens were sent 

too CDC for detection of Legionella pneumophila serogroup 1 antigens by 

radioimmunoassayy (B1NAX Lquate ). Paired acute- and convalescent-phase serum 

specimenss obtained 3 to 6 weeks apart were tested for antibodies to L pneumophila 
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serogroupp 1 by indirect fluorescent antibody assay (IFA). Legionella was grown in 

culturess from sputum at the hospital and isolates were forwarded to CDC for 

serogroupingg and monoclonal antibody (MAb) subtyping/ Isolates from patients and 

environmentall  samples also were compared using pulsed-field gel electrophoresis 

(PFGE)) at the microbiology reference laboratory of the Arizona Department of Health 

Services. . 

Retrospectivee case finding 

Usingg the hospital laboratory databases, cases of Legionnaires' disease that 

occurredd since January 1987 were identified. The hospital's computerized 

microbiologyy laboratory database contained results of cultures performed since 1987. 

Serologyy results were available in computerized form only since August 1. 1995. 

Urinaryy antigen (UAG) testing was rarely performed in this hospital, and no list of 

UAGG results was available. Charts were reviewed to determine whether cases of 

Legionnaires'' disease met the definition for nosocomial Legionnaires' disease. 

Inn accord with HICPAC guidelines,23 a case of Legionnaires' disease was 

definedd as pneumonia and one of the following: isolation of Legionella from clinical 

specimens,, a fourfold rise in antibodies to L pneumophila to a titer 3 1:128 in paired 

acute-- and convalescent-phase sera, or detection of L pneumophila serogroup 1 

antigenss in urine. Because the incubation time of Legionnaires' disease generally is 2 

too 10 days, a case of nosocomial Legionnaires' disease was defined as Legionnaires' 

diseasee in a patient who had been hospitalized for the entire period from 10 days to 2 

dayss before the onset of X-ray confirmed pneumonia. A case of possibly nosocomial 

Legionnaires'' disease was defined as Legionnaires' disease in a patient hospitalized 

forr part of the period of 2 to 10 days before onset. 

Case-controll  study 

Thee 25 case-patients were matched to 49 control-patients (two-to-one matching; 

forr one case-patient only one control-patient could be found). Control-patients were 

matchedd to case-patients based on 10-year age groups, date of admission (a patient was 

onlyy eligible as a control if he/she was admitted within four weeks before to four 

weekss after the date of admission of the case-patient), and five underlying disease 

categories.. These categories were, in order of increasing risk for Legionnaires' 

disease,, (1) persons with no underlying illnesses who did not smoke during the 

previouss year, (2) persons who smoked during the previous year, (3) chronic non-

immunocompromisingg disease. (4) immunocompromised patients, and (5) post-

transplantt patients who are on immunosuppressive medication. Patients whose 

medicall  conditions met the criteria for more than one of the above categories were 
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assignedd to the higher risk category. If three or more potential control-patients met the 

matchingg criteria of a case, two control-patients with dates of hospitalization closest to 

thatt of the case were selected. Information about more than 80 potential exposures or 

riskk factors was extracted from medical records. Data was analyzed using Mantel-

Haenszell  analysis to obtain univariate matched odds ratios. Factors that appeared to 

bee associated with risk of disease in this univariate analysis were included in 

conditionall  logistic regression analysis. Factors were eliminated from the logistic 

regressionn model depending on their contribution to the model, their significance as 

confounderss or effect modifiers and on the effect of their elimination on precision of 

thee estimated matched odds ratios of the remaining variables. All continuous variables 

weree categorized; if a linear dose-effect relationship was evident then these variables 

weree again entered as continuous variables. Interaction terms, e.g. of medication 

dosagee and duration of therapy, were included in the analysis. All analyses were done 

onn the entire dataset and again separately on the matched sets with onset before 1996. 

too consider the possibility that the routes of transmission before and after 1996 could 

havee been different. The 1996 data could not be analyzed separately because there 

weree only eight cases in that year. 

Environmentall  investigation 

LegionellaLegionella cultures were obtained from water and swab samples from the 

hospital'ss potable water system and from nearby cooling towers. Samples were either 

platedd directly after acid treatment as necessary or concentrated by filtration 9 and 

22 3 4 
1987 7 

22 3 4 
1988 8 

22 3 4 
1989 9 

2 3 4 1 2 3 4 1 2 34 4 
19900 1991 1992 

Yearr  and Quarte r 

22 3 4 1 
1993 3 

22 3 4 
1994 4 

22 3 4 1 2 3 4 
19955 1996 

Figuree 1: Nosocomial and possibly nosocomial cases of Legionnaires' disease by year and 
quarterr of onset, 1987-1996 (n=25). Numbers within boxes indicate the serogroup of the 
isolatedd L pneumophila strain. Boxes without numbers represent case-patients from whom 
LegionellaLegionella of unknown species and/or serogroup was isolated. 
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platedd on buffered charcoal-yeast extract supplemented with o.-ketoglutarate (BCYIi-

u).u).'' In four patient rooms where patients who acquired Legionnaires" disease had 

stayedd and where water samples were positive, air was sampled using a six-stage 

Andersenn air sampler."" 

Results s 

Resultss of case finding 

Twenty-fivee patients were identified with culture-confirmed Legionnaires' 

diseasee with onset from 1 1 87 to 9 30 1996. Sixteen were nosocomial, and nine were 

possiblyy nosocomial (figure 1). 

Lighteenn case-patients had received transplants (two autologous bone marrow, 

fivee allogeneic bone marrow. 10 heart, and one heart and lung). Four BMT patients 

(onee autologous and three allogeneic) and one CT patient died during hospitalization, 

likelyy as a result of the infection (Table I). All case-patients identified during 1996 

weree transplant patients. During the first 9 months of 1996. eight (6%) of 134 CT and 

BMTBMT patients had Legionnaires' disease diagnosed. Of the non-transplant case-

patientss identified from 1987 to 1995. four were cancer patients, and three had other 

chronicc diseases. All seven non-transplant patients died, also likely as a result of the 

LegionellaLegionella infection. Legionnaires" disease was detected on autopsy in eight patients 

(twoo BMT. one CT. and five other patients). Legionella cultures were routinely 

Tota ll  numbe r Deaths * Dx at autopsy 1 

Bonee marrow transplant 7 4 (57%) 2 

Heartt transplant 11 1 (9 " „ ) 1 

Otherr diseases 7_ 7 ( 1 0 0 % ) 5 

To ta ll 25 1 2 ( 4 8 % ) 8 

Tablel :: Cases of nosocomial or possibly nosocomial Legionnaires' disease and associated 

deaths,, by patient category, 1987-1996. Footnotes: *, died during the hospitalization in 

whichh Legionnaires' disease was diagnosed, or after discharge but as a direct result of 

LegionellaLegionella infection; f. diagnosis of Legionnaires' disease made on autopsy only. Legionella 

culturess are routinely obtained from lung tissue during all autopsies performed in this 

hospital. . 
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obtainedd from lung tissue during all autopsies performed in the hospital, regardless of 

thee cause of death, but before 1996, the results of these tests were not communicated 

too infection control staff. 

Isolatess from 21 of 25 cases were available for serotyping; serogroups 1, 4, 5, 6, 

andd 10 were identified. Of seven serotyped isolates from 1996 cases, six were L 

pneumophilapneumophila serogroup 6, and one was L pneumophila serogroup 10 (Figure 1). Five 

off  the serogroup 6 isolates were identical by PFGE (Figure 2). 

Case-controll  study findings 

Resultss of univariate and multivariate statistical analysis are summarized in 

Tablee 2. Median ages and hospital stays did not differ for case- and control-patients 

(566 vs. 49 years and 17 vs. 16 days [until onset of Legionnaires' disease] respectively). 

Amongg patients hospitalized before 1996. intubation was associated with 

Exposur e e 

Corticosteroids s 

Intubation n 

Walkingg in hallway* 

11 - 3 days 

>> 3 days 

Showering1" " 

Medicationn nebulizer 

Drinkingg tap water 

Univariat e e 

Odd ss rati o 

5.1 1 

4.6 6 

0.2 2 

... . 

... . 

0.1 1 

1.5 5 

1.3 3 

(95%% CI) 

(1.0-50) ) 

(1.11 -27) 

(0.02-0.8) ) 

. . . . 

... . 

(0-1.3) ) 

(0.3-6.8) ) 

(0.3-5.4) ) 

Multivariat e e 

Odd ss rati o 

13 3 

10 0 

... . 

0.07 7 

0.3 3 

... . 

— — 

... . 

(95%% CI) 

(1.6-- 102) 

(1.3-73) ) 

... . 

(0.011 -0.6) 

(0.03-2.6) ) 

... . 

— — 

... . 

Tablee 2: Case-control study: factors associated with nosocomial or possibly 
nosocomiall Legionnaires' disease. Abbreviation: CI, confidence interval. Foornotes: 
** Walking in the hallway was analyzed as a dichotomous variable in univariate 
analysis.. In multivariate analysis, a categorical variable was created, representing 
thee number of days for which walking in the hallway was noted in the medical record. 
| ,, Information on showering was not available for most cases and controls. 
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Figuree 2: Pulsed-field gel electrophoresis (PFGE) of environmental and clinical isolates. 
Laness 3, 5, 7-12, and 14 are indistinguishable. Description of lanes: I, Lambda ladder 
standard;; 2, Epidemiologically unrelated clinical isolate, serogroup 6; 3, Bone marrow 
transplantt (BMT) patient, nosocomial infection, serogroup 6. onset April '96; 4, 
Epidemiologicallyy unrelated clinical isolate, serogroup 1; 5, BMT patient, nosocomial 
infection,, serogroup 6, onset February '96; 6, Cardiac transplant (CT) patient, nosocomial 
infection,, serogroup 6, onset June '96; 7, BMT patient, nosocomial infection, serogroup 6, 
onsett July '96; 8, Water from faucet in patient room in BMT ward (new wing); 9, CT 
patient,, nosocomial infection, serogroup 6, onset July '96; 10, Water from shower, patient 
roomm in CT ward (new wing), serogroup 6; 11, Water from shower, patient room in BMT 
wardd (new wing), serogroup 6; 12, Water from shower, patient room in CT ward (new 
wing),, serogroup 6; 13, Water from faucet, restroom in old wing; 14, BMT patient, 
nosocomiall infection, serogroup 6, onset August '96. 

riskk of Legionnaires' disease. Only two of eight ease-patients with illness onset in 

19966 had been intubated before onset of Legionnaires' disease. No increased risk 

couldd be shown for any particular rooms, wards, or wings in which patients had 

stayed.. Use of corticosteroid medication was associated with increased risk of 

acquiringg Legionnaires" disease. Other immunosuppressive therapy (e.g. cyclosporin, 
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tacrolimus,, and azathioprine) and cancer chemotherapy were not associated with risk 

forr disease. No protective effect or increased risk was found for ingestion of food with 

loww microbial content or for drinking bottled or sterile water. Use of medication 

nebulizers,, supplemental oxygen, and nasogastric tubes was not associated with risk 

forr disease. All other exposures and activities considered in the case-control study 

(includingg showering), as reported by nurses in the medical records, were not 

statisticallyy associated with risk of disease. However, complete information about 

showeringg was not recorded consistently for most cases and controls that were not 

bedridden. . 

Environmentall  investigation findings 

Ass a result of previous architectural changes and expansions of the hospital, the 

waterr system was complex. The hospital consisted of an ''old" wing and a "new" 

wing.. The latter was completed in 1994 and contained the heart- and bone marrow-

transplantt wards, as well as medical and surgical wards. The old wing received 

potablee water from two private wells and the municipal water system. The new wing 

receivedd water through a separate line from the municipal water system only. At both 

wellheads,, water was chlorinated. Municipal water was not additionally chlorinated 

byy the hospital. At the point where municipal water entered the hospital, free residual 

chlorinee concentration fluctuated but usually remained < 0.5 mg/L. Ten steam-driven 

instantaneouss water heaters heated the water supplying the patient-care areas to 

approximatelyy 110° F (measured after the water leaves the heater; resulting in a 

temperaturee lower than 110° F in patient rooms). The pH of the water was routinely 

monitoredd by maintenance staff and had been 7.8 ) during recent years. There 

weree 18 water softeners. There were 15 "domestic boiler type" electrical water heaters 

inn parts of the old wing water system that supplied water to research laboratories. 

Theree were two cooling towers located Vi mile and 1 mile from the hospital. 

Hospitall  air was humidified with steam. Air entering the rooms of bone marrow-

transplantt patients passed through a high-efficiency particulate air (HEPA) filter, and 

thee air pressure in these rooms was higher than the pressure of the air in the hallway. 

Noo outside air could get directly into the rooms. 

Resultss of environmental sampling 

LL pneumophila was isolated from various sites within the potable water system 

off  the new wing of the hospital, including from showers and faucets in rooms where 

recentt Legionnaires*  disease case-patients had stayed (Table 3). Of all positive 

sampless from both wings that were serogrouped at CDC, 78% were serogroup 6. Air 

sampless from all four patient rooms taken while the shower was running showed 
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Date e 
sample d d 

8/7/96 6 
8/13/96 6 
8/14/96 6 
8/15/96 6 
8/22/96 6 
8/23/96 6 
8/24/96 6 
8/29/96 6 
9/3/96 6 
9/12/96 6 
9/19/96 6 
9/22/96 6 
9/26/96 6 
10/2/96 6 
Totall (%) 

Tota ll  no . 
of f 

sample s s 

35 5 
25 5 
16 6 
26 6 
5 5 
12 2 
5 5 
15 5 
4 4 
17 7 
1 1 
1 1 

21 1 
1 1 

184 4 

LP tt 1 

1 1 

111 1 

2(5) ) 

Numbe r r off  positiv e sample s by 
serogro u u 

LP 1 1 
and d 
LPP 4 

1 1 

1(3) ) 

LPP 6 

7 7 
18 8 
1 1 
1S S 

1 1 

1** * 
29 9 

(78) ) 

pp or spec 

LPP 11 

3 3 

3(8) ) 

L L 

1 1 

les s 
LL anisa 

sp. JJ and L 
sp. * * 

11 1 

(3)) 1 (3) 

Tota ll  no . 

positiv e e 

7 7 
18 8 
5 5 
1 1 
0 0 
2 2 
1 1 
0 0 
0 0 
2 2 
0 0 
0 0 
0 0 
1 1 

37 7 

Tablee 3: Number and percentage of environmental samples positive for Legionella, by 

serogroupp or species and sample date, July - October 1996** Environmental samples 

processedd at the Centers for Disease Control and Prevention. In addition, Legionella 

wass isolated from water from the 'old wing' of the hospital on 12/5/96 and 2/6/97 by the 

hospital'ss laboratory. Footnotes: t . Legionella pneumophila; J, unidentified Legionella 

species;; §, last time that Legionella was recovered from faucets or showers in the 

transplantt wards; ||, last time that Legionella was recovered from the water system of 

thee new wing; **, from the tank of a carpet cleaner used in the hall of the bone marrow 

transplantt ward. 

growthh of L pneumophila serogroup 6 up to stage 5 of the Andersen air sampler 

(dropletss that reach stage 4 or 5 are of respirable size, i.e. 1-5 micron). Background air 

sampless taken before the shower was turned on were negative. Water samples taken 

fromm the showers during air sampling also contained L pneumophila serogroup 6. 

LegionellaLegionella was not isolated from samples from the nearby cooling towers. 

LL pneumophila serogroup 1. monoclonal antibody subtype (MAb) '1.6' was 

isolatedisolated in low concentrations (1 colony forming unit (CFU) per ml) from both private 

wells.. /. pneumophila serogroup 1 (MAb: 1.6 and 1,4.7). L pneumophila serogroups 4. 

6.. 11. /. anisa. and an unidentified Legionella sp were isolated from various other sites. 
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includingg swabs from the inner surface of water softeners and water from the old 

wing'ss potable water system. /. pneumophila serogroup 6 was also recovered from the 

waterr tank of a carpet cleaner used in the hall of the bone marrow-transplant unit. This 

carpett cleaner was routinely filled with pure tap water and soap was sprayed on the 

floorr in front of it when the floor was cleaned. The machine produced a visible 

aerosol. . 

Usingg PFGL, five of the six clinical and all five environmental L pneumophila 

serogroupp 6 isolates were indistinguishable. One clinical isolate from a patient with 

nosocomiall  L pneumophila serogroup 6 infection differed by more than three bands 

(Figuree 2). The isolate from the carpet cleaner was also indistinguishable by PFGE 

fromm the five identical clinical isolates (PFGE picture not shown). 

Becausee intubation was a risk factor in the case control study, cleaning and 

sterilizationn procedures for respiratory therapy equipment were reviewed. No 

problemss with adherence to cleaning protocols were found and tap water was not used 

forr rinsing. Legionella cultures of swab samples taken from respiratory therapy 

equipmentt were negative. 

Controll  measures 

Patientt management 

Physicianss were informed of the outbreak and asked to include Legionnaires' 

diseasee in their differential diagnoses for hospital-acquired pneumonia. After 

identificationn of the third case early in 1996. while the source and route of 

transmissionn of Legionnaires*  disease were still unclear, transplant patient exposure to 

tapp water was limited by restricting shower time and by providing bottled water for 

drinking.. From August 1. all bone marrow transplant patients were supplied with 

sterilee water for drinking. However, new cases of Legionnaires' disease continued to 

occurr among BMT patients. Beginning August 14, all transplant patients were 

providedd with sterile water for washing and bathing. On November 27. after water 

sampless from patient areas had been negative for 8 weeks and no new cases had been 

identified,, transplant patients were again permitted to use tap water for bathing 

(Figuree 3). 

Decontaminationn and measures to control the growth of Legionella 

Initiall  measures to decontaminate the hospital water-distribution system were 

unsuccessful.. On July 30. 1996. faucets were flushed for 10 minutes with water at 

160°° F (i.e. superheating). To reduce risk of scalding, this intervention was conducted 
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Figuree 3: Number of case-patients reported with Legionnaires' disease and 

interventionss to interrupt transmission of the disease, by month and year, January 

19966 to September 1997. The first six water system decontaminations included 

thee new wing; the last two were done in the old wing only. Numbers within boxes 

indicatee the serogroup of the isolated L pneumophila strain. 

att night and flushing time was limited by the maximum capacity of heaters and water 

pumps.. After three additional cases of Legionnaires' disease were identified and L 

pneumophilapneumophila was isolated from water samples obtained after the superheating, on 

Augustt 14 all faucets were flushed for 10 minutes with water containing 10-20 mg/L 

freee residual chlorine. However, the chlorine concentration was not systematically 

monitoredd at distant points during the intervention. Some faucets and showers were 

nott flushed. Aerators and showerheads were not disinfected. Water softeners were 

nott decontaminated and were reconnected after the decontamination. L pneumophila 

wass isolated from water samples obtained a few hours after the decontamination. 

Moree detailed monitoring showed that the water softeners substantially lowered 

thee concentration of chlorine in the water system. Even after newly installed chlorine 

injectionn devices increased the chlorine concentration to 2 mg/L. this concentration 

wass reduced to < 0.5 mg/L in the water passing through the softeners. After additional 
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chlorinee injectors were installed and all water softeners were taken offline on August 

28,, a chlorine concentration of > 1 mg/L was attained at all distal points of the water 

system.. A number of "dead legs" (pipes in the water system where water stagnates) 

weree identified and removed. By August 28, a total of 15 electrical "domestic boiler 

type""  water heaters had been removed. All showerheads were replaced and faucet 

aeratorss were descaled and soaked in a chlorine solution or removed. Legionella could 

nott be isolated from the potable water system of the new wing during the 18 months 

followingg a 5-minute flush, on August 28, of all points of use in the water system with 

10-200 mg/L chlorine followed by continuous chlorination of 2-4 mg/L. After 

LegionellaLegionella had been recovered from the tank of a carpet cleaner, all carpet cleaners 

weree regularly decontaminated with a chlorine solution. Between August 1996 and 

Novemberr 1997, water was sampled every 2 weeks. After that, the sampling 

frequencyy was reduced to once every month. Initially, low concentrations (~1 CFU/L) 

off  Legionella were isolated sporadically from water samples from the old wing, 

resultingg in several more hyperchlorinations in that wing (Figure 3). After February 

1997,, Legionella was not recovered from any water sample. 

Sincee September 1996, no new cases of nosocomial Legionnaires' disease have 

beenn identified. 

Discussion n 

Thiss investigation identified 25 hospital patients with nosocomial or possibly 

nosocomiall  Legionnaires' disease over a ten year period. However, we suspect that 

thiss may represent an underestimate of both the magnitude and the duration of 

nosocomiall  transmission within the medical center. The first two reported cases of 

legionellosiss occurred at the hospital in 1979, in heart transplant recipients " ; six more 

heartt transplant recipients were diagnosed with Legionnaires" disease between 1980 

andd 1983.2' The case reports did not present data regarding the suspected source of 

acquisition,, however, at least one of the first two patients had been hospitalized before 

onsett of Legionnaires' disease."6 Thus, nosocomial transmission likely occurred in 

thiss hospital over a period of at least 17 years. 

Itt is not possible to distinguish Legionnaires' disease from other causes of 

pneumoniaa on the basis of clinical symptoms alone. Because no routine testing for 

Legionnaires'' disease on all cases of nosocomial pneumonia was performed before 

1996,, additional cases of Legionnaires' disease probably occurred but were not 

identified.. This is consistent with the finding that infection in eight case-patients was 
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identifiedd only during autopsies (when Legionella infection is systematically 

evaluated).. Other hospitals may have or have had similar problems of undetected 

ongoingg transmission of Legionnaires" disease, however, the unique practice of routine 

testingg for Legionnaires' disease on autopsy in this hospital facilitated a more sensitive 

retrospectivee case detection. 

Whilee the sensitivity of surveillance probably increased after the problem of 

nosocomiall  Legionnaires" disease was recognized in 1996. other factors that may have 

contributedd to the greater number of cases in 1996 included the increasing number of 

transplantt patients treated at the hospital and the recent move of the transplant units to 

aa new wing of the hospital. Ongoing construction projects near the hospital may have 

resultedd in vibrations in the water system or changes in water pressure in 1996. 

facilitatingg dissemination o\' Legionella, although this could not be documented. 

Casee fatality 

Thee case-fatality ratio for cases of Legionnaires" disease at this regional 

transplantt center identified during 1987-1996 was 48%. In comparison, the case-

fatalityy ratio for cases reported to CDC is 25%.2 Several factors might explain the 

higherr ratio at the transplant center. First, transplant patients are more likely than non-

immunosuppressedd patients to have a fatal outcome of Legionnaires' disease.2"1 s 

Second,, the hospital did not have a routine system of screening for Legionnaires" 

diseasee before 1996, and it is likely that tests for legionellosis were performed on 

patientss who were most acutely ill and or not responding to treatment. Finally, eight 

off  the cases were identified as the result of tests routinely performed on autopsy 

specimens,, and this may have falsely increased the case-fatality ratio. The case-

fatalityy ratio for patients who had onset of Legionnaires' disease in 1996 was 25%. and 

thee last person with Legionnaires' disease to die had onset in February 1996. This 

mayy signify more timely diagnosis and treatment as a result of increased awareness on 

thee part of physicians. 

Case-controll  study results 

Mostt risk factors found in the case-control study (i.e. intubation, corticosteroid 

therapy,, and not walking outside of the room) may be surrogates for the general 

susceptibilityy of the patients to infection. Walking in the hall during 1 to 3 days out oï 

thee total hospital stay appeared to be protective, likely because bedridden patients are 

moree at risk to develop pneumonia. However, walking in the hall during more than 3 

dayss appeared not to be protective, possibly because patients that spent much time 

outsidee of their room were at increased risk of exposure to aerosols from the 

contaminatedd carpet cleaner that was used in the hallway. Risk factors related to 
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locationn and specific activities were not identified, possibly because information about 

specificc activities was not consistently recorded in the medical records and routes of 

transmissionn may have differed over time. Intubation had been a risk factor among 

patientss hospitalized before 1996. However, intubation probably was not associated 

withh transmission of Legionella in 1996. because most case-patients that were 

hospitalizedd in 1996 had not been intubated, respiratory equipment cleaning 

proceduress were adequate at the time of the investigation, and no Legionella was 

recoveredd from respiratory therapy equipment. 

Controll  measures 

Thiss study highlights the need to systematically monitor parameters such as 

chlorinee concentration to identify unexpected problems during decontamination. Like 

manyy other hospitals, this hospital has a complex water system. To control the growth 

off  Legionella on a long-term basis, such water systems may require redesign and 

simplification.. Even after successful interventions the water system should be 

monitoredd for Legionella for an extended period and decontamination procedures may 

needd repeating to maintain an undetectable level of concentration of Legionella and to 

preventt recurrence of nosocomial transmission. In this hospital, a 5-minute flush with 

waterr with 10-20 mg/L was effective once all the other necessary adjustments had 

beenn made (removal of dead legs, of electrical water heaters, and of chlorine-depleting 

devices;; installation of continuous chlorine injection devices). 

Conclusion n 

Thee results of this investigation suggest that, during 1987-1996. nosocomial 

acquisitionn of Legionnaires' disease occurred at this hospital though multiple routes of 

transmission.. These routes include inhalation of aerosols from showers, inhalation or 

aspirationn associated with intubation, and possibly inhalation of aerosols from carpet 

cleaningg devices. 

Controll  of nosocomial Legionnaires' disease in similar large institutions is 

complicatedd and involves coordination between many departments including facilities 

andd maintenance personnel, infection control staff nurses, and physicians. Control 

effortss involve targeted surveillance for cases, extensive environmental investigations, 

andd comprehensive decontamination procedures. This example illustrates that after 

attainmentt of such coordination the problem of nosocomial Legionnaires' disease can 

bee resolved. Transplant patients are at particular risk for morbidity and mortality from 
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Legionnaires'' disease. Hospitals specializing in the care of these patients should make 

itt a priority to establish surveillance for nosocomial Legionnaires' disease. 
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Addendumm to Chapter  4 

Thee hospital has continued to do active surveillance for cases of Legionnaires' 

diseasee and to test water for presence of Legionella. No nosocomial cases were 

detectedd since September 1996 and no Legionella were recovered after February 1997. 

Freee chlorine was injected into the hot side as well as the cold side of the water system 

too achieve a concentration of 2 to 4 mg/L at all points of use. Because of corrosion 

problemss that were attributed to the high chlorine concentration, the management 

decidedd to install a copper-silver ionization system in the summer of 1997. The total 

costt in the first year to get the system up and running was approximately SI million 

(emailss to J. Kool from C. Glasby. infection control practitioner. University Medical 

Center,, Tucson. AZ, July 22, November 15. and November 16, 1999). 

Majorr expenditures during the first year were for: 

 Study and design (-S 100,000), 

 Separation of the water system from the adjacent university campus and installing a 

recirculationn system for the cold water ( ~S200,000), 

 Installation and maintenance of the copper-silver system (-$600,000). The copper-

silverr electrodes needed to be replaced regularly. A problem of black discoloration 

off  sinks necessitated a change in the composition of the copper-silver alloy and 

filterss were installed to remove silver particles. These filters are replaced every 

monthh and are also tested for Legionella colonization. 

 Approximately one full-time staff member (1.0 FTF) was needed to balance and 

monitorr the system in the first year, followed by approximately 0.5 FTE in 

followingg years. 

 Cost for installation and maintenance of the chlorine injection devices was similar 

too that described in the General Introduction for other hospitals. 

Afterr installation of the copper-silver ionization system the hospital continued to 

injectt free chlorine but the concentration was reduced to 0.5 mg/L. Corrosion 

problemss diminished, water samples have remained negative for Legionella, and no 

nosocomiall  cases of Legionnaires' disease have been detected despite intensive 

clinicall  surveillance. 
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Abstract t 
Objective::  To investigate increased reporting of Legionnaires' disease in patients of 

multiplee hospitals in San Antonio, Texas, and to study risk factors for nosocomial 

transmissionn of Legionnaires' disease and determinants for Legionella colonization of 

hospitall  hot water systems. 

Setting::  The 16 largest hospitals in the cities of San Antonio, Temple, and Austin, 

Texas. . 

Design::  Review of laboratory databases to identify patients with Legionnaires' disease 

inn the 3 years prior to the investigation and to determine the number of diagnostic tests 

forr Legionella performed; measurement of hot water temperature and chlorine 

concentrationn and culture of potable water for Legionella. Use of exact univariate 

calculations,, Poisson regression, and linear regression to statistically determine factors 

associatedd with water system colonization and transmission of Legionella. 

Results::  Twelve cases of nosocomial Legionnaires' disease were identified; eight of 

thesee occurred in 1996. The rise in cases occurred shortly after physicians had started 

requestingg Legionella urinary antigen tests. Hospitals that frequently used Legionella 

urinaryy antigen tests tended to detect more cases of Legionnaires' disease. Legionella 

wass isolated from the water systems of 11 of 12 hospitals in San Antonio; the 12th had 

justt experienced an outbreak of Legionnaires' disease and had implemented control 

measures.. Nosocomial legionellosis cases probably occurred in five hospitals. The 

numberr of nosocomial Legionnaires' disease cases in each hospital correlated better 

withh the proportion of water system sites that tested positive for Legionella (P=.07) 

thann with the concentration of Legionella bacteria in water samples (P=.23). Hospitals 

inn municipalities where the water treatment plant used monochloramine as a residual 

disinfectantt (n=4) and the hospital that had implemented control measures were 

Legionella-free.Legionella-free. The hot water systems of all other hospitals (n=ll) were colonized 

withh Legionella. These were all supplied with municipal drinking water that contained 

freee chlorine as a residual disinfectant. In these contaminated hospitals, the proportion 

off  sites testing positive was inversely correlated with free residual chlorine 

concentrationn (P=.0\). In all hospitals, hot water temperatures were too low to inhibit 

LegionellaLegionella growth. 

Conclusions::  The increase in reporting of nosocomial Legionnaires' disease was 

attributablee to increased use of urinary antigen tests; prior cases may have gone 

unrecognized.. Risk of Legionnaires' disease in hospital patients was better predicted 

byy the proportion of water system sites testing positive for Legionella than by the 

measuredd concentration of Legionella bacteria (colony forming units per ml). Use of 
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monochloraminee by municipalities for residual drinking water disinfection may help 

preventt Legionnaires1 disease. 

Introductio n n 

Betweenn 8,000 and 18,000 cases of Legionnaires' disease occur annually in the 

Unitedd States '" and thousands more occur in other countries. Of cases reported to the 

Centerss for Disease Control and Prevention (CDC), up to 25% are acquired in a 

hospital.. Fatality rates in nosocomial outbreaks have exceeded 30%.'" The disease is 

causedd by the bacterium Legionella, which lives in the biofilm covering the inside of 

water-containingg pipes and tanks. Legionella thrives in hot water systems in large 

buildingss such as hospitals. The most frequently described route of transmission 

appearss to be inhalation of contaminated aerosol (e.g. from showers or cooling 

towers).. It has also been reported that transmission can occur through aspiration of 

contaminatedd water, especially in patients with swallowing disorders. A study in 

Quebecc found that 68% of 84 hospitals were contaminated with Legionella on at least 

onee occasion during quarterly sampling over one year. Yet transmission to patients 

apparentlyy occurred in some but not all of these hospitals.8 This paradox may be 

explainedd by many complex factors, including differences in susceptibility of patients, 

differencess in virulence between Legionella species, great variety in water system 

configurations,, respiratory equipment disinfection methods, concentration of the 

bacteriaa in the water, number and size of'sloughed off pieces of biofilm containing 

thee bacteria, and frequency of diagnostic testing for Legionnaires1 disease among 

patientss with nosocomial pneumonia. 

Att the end of 1996, five hospitals in San Antonio, Texas, reported Legionella 

infectionn in one or more of their patients with onset of disease between July and 

Novemberr that year. The number of reported cases was higher than in previous years. 

Wee did a cohort study of the largest hospitals in San Antonio and in two other 

municipalitiess to determine the extent of the problem and to study risk factors for 

nosocomiall  transmission and factors associated with colonization of hospital water 

systemss with Legionella. 

Methods s 

Wee selected all acute-care hospitals with an average daily census greater than 

1000 in the three counties that contain the cities of San Antonio, Austin, and Temple. 
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Casee finding 

Infectionn control staff of each hospital were asked for a list of known cases of 

Legionnaires""  disease occurring from January 1994 to January 1997. and investigators 

reviewedd the microbiology laboratory database of each hospital for positive Legionella 

testt results from the same period. Medical records of identified patients were reviewed 

too confirm the diagnosis and to determine if the patient had acquired the infection in 

thee hospital. A case of Legionnaires' disease was defined as a patient with a clinical 

diagnosiss of pneumonia confirmed by chest X-ray. and at least one of the following: 

isolationn of Legionella from respiratory secretions or from lung tissue. 

-- detection of Legionella pneumophila serogroup 1 antigen in urine. 

detectionn of L pneumophila in respiratory secretions or lung tissue by direct 

fluorescentt antibody (DFA). 

detectionn of a fourfold or greater rise in titers of antibodies against L pneumophila 

inn acute- and convalescent-phase serum, to a value of 1:128 or higher. 

Becausee the incubation time of Legionnaires' disease usually lies between 2 to 

100 days, we defined nosocomial Legionnaires' disease as Legionnaires' disease in a 

patientt hospitalized for the entire period of 10 to 2 days before onset of symptoms; we 

definedd possibly nosocomial Legionnaires" disease as Legionnaires' disease in a 

patientt hospitalized for part of that period. For example, a patient hospitalized 

continuouslyy for 14 days and discharged less than 48 hours before the onset of 

symptomss of Legionnaires" disease was considered definitely nosocomial. A patient 

hospitalizedd for five days prior to onset of symptoms, or a patient who was 

hospitalizedd for most of the 2 to 10 days but who was discharged during part of that 

period,, was classified as possibly nosocomial. 

Veryy few clinical isolates had been saved by the hospitals, making it impossible 

too systematically compare clinical and environmental isolates by subtyping techniques 

too further distinguish nosocomial from community-acquired case-patients. 

Lnvironmentall investigation 

Inn each hospital, water was collected for Legionella culture from the bottom of 

alll  hot water storage tanks and all water heating tanks that supplied patient areas. If no 

tankss were present, water was taken from all hot water return lines from patient areas. 

Waterr and swab samples were obtained from showerheads and faucet aerators in those 

patientt rooms that were located furthest from the hot water source. In each hospital, 

betweenn two and four patient rooms were sampled, depending on the size and number 

off  water distribution systems. The rooms were selected to achieve an even distribution 

amongg all hot water distribution systems that supplied patient areas within a hospital. 
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Forr example, if there were four different hot water distribution systems in a hospital, 

onee patient room served by each was selected: if there were only two distribution 

systems,, two patient rooms in each were selected, preferably each in a different wing. 

Wee obtained one liter of water from the faucet and the shower in each selected patient 

room.. Haifa millilite r of a 0.1 normal solution of sodium thiosulphate was added to 

eachh water sample to neutralize the residual free chlorine or monochloramine. The 

faucet'ss aerator and the showerhead were then removed and a swab sample was taken 

fromm the inside of each fitting. All samples were processed at the CDC's Respiratory 

Diseasess Laboratory. The samples were plated on buffered charcoal-yeast extract 

supplementedd with a-ketoglutarate (BCYE-a); on BCYE-a plates supplemented with 

polymyxin,, anisomycin. and vancomycin (PAV); and on BCYE-oc plates 

supplementedd with glycine and PAV. They were plated directly without acid 

treatmentt or after acid treatment as necessary, or concentrated by filtration. The filter 

wass resuspended in sterile water, vortexed and then plated.' After the samples were 

obtained,, the hot water faucet was Hushed over a thermometer until the water 

temperaturee did not change more than 0.1° F in 10 seconds, and this temperature was 

thenn recorded. The free residual chlorine concentration was measured immediately 

afterr the flush. Information on pH of the water was obtained from municipal water 

authorities. . 

Surveyy of hospital characteristics 

AA questionnaire was administered to hospital infection control, microbiology 

laboratory,, and facilities maintenance staff. Questions asked to infection control and 

laboratoryy staff included the size of the hospital (number of beds and average daily 

census),, the number of immunocompromised patients, the number and types of 

laboratoryy tests for Legionella that were requested in the last 5 years for inpatients. 

Facilitiess maintenance personnel were asked about age. number, and configuration of 

waterr heaters and hot water storage tanks, the source of the water (municipal supply or 

privatee well, ground or surface water), hot water temperature setting, maintenance 

donee to the water system in the last five years, changes made to the water system, and 

iff  the hospital additionally treated water, e.g. with water softeners or additional 

disinfection. . 

Statisticall  analysis 

Responsess to questionnaires, results of case finding, results of environmental 

cultures,, and temperature and chlorine measurements were entered in Microsoft Hxcel 

andd analyzed using Fpi-lnfo (CDC. Atlanta, GA) and SAS (SAS Institute. Cary. NC). 

Thee unit of analysis was the hospital, not individual patients. We did two separate 
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analyses:: one with the number of Legionnaires' disease cases as the outcome, and one 

withh the proportion of sites in the hospital water system from which Legionella was 

recoveredd as the outcome. Although the number of observations was small, we 

attemptedd multivariate Poisson regression analysis to assess confounding. However, 

mostt of the analyses described in the following paragraphs are univariate. 

Onee hospital had experienced an outbreak of Legionnaires' disease two years 

earlierr and had implemented control measures and intensive surveillance for new 

cases;; this hospital was excluded from the analysis. 

Thee relationship between colonization of the hospital water system and hospital 

characteristicss such as size, hot water temperature, and size of hot water tanks was 

analyzedd using linear regression, with the proportion of sites testing positive for 

LegionellaLegionella as the outcome variable. 

Poissonn regression (univariate and multivariate) was used to analyze association 

off  hospital characteristics with occurrence of cases of Legionnaires' disease for those 

hospitalss in which Legionella was detected in the water system. Because some 

possiblyy nosocomial case-patients may have acquired their infection outside the 

hospital,, we counted definitely nosocomial cases as 1 and possibly nosocomial cases 

ass 72 in the Poisson regression analysis. For each hospital, the sum of these adjusted 

'cases'' was used as the outcome. To further account for uncertainty of nosocomial 

transmission,, hospitals with only one possibly nosocomial case (n=2) received a 

statisticall  weighting of/2. 

4 4 

3 3 

in n 
0)0) 2 
m m 
TO TO 
(J J 

1 1 

0 0 

A A 

1 1 

II Definitely nosocomial 1 Possibly nosocomial 

A A 
B B 

B B 

H H B B 
2 3 4 1 2 3 4 1 2 3 3 

19941994 1995 1996 

Yearr  and quarte r 

D D 

D D 
4 4 

Figuree 1: Identified cases of nosocomial Legionnaires' disease by year and quarter of 
onset,, San Antonio, 1994 to 1996. Hospitals are indicated by letters A through E. 
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Results s 

Epidemiologicall  findings 

Sixteenn of 18 eligible hospitals agreed to participate in the study. Twelve of 

thesee were in San Antonio, 3 were in Austin and one was in Temple. The two 

hospitalss that did not participate were located in San Antonio and Temple. Twelve 

patientss with definitely or possibly nosocomial Legionnaires' disease were identified; 

eightt had onset in 1996 (Figure 1). Six cases were definitely nosocomial and six were 

possiblyy nosocomial; the case-patients were inpatients of five different hospitals in San 

Antonio.. The cases occurring in 1994 and 1995 in the hospital indicated in Figure 1 

withh the letter A had been recognized as a recurrence of an outbreak, which had first 

beenn detected in 1989.10 Hospital A had implemented control measures and continued 

too do intensive surveillance for new cases at the time of our investigation. The five 

hospitalss with identified cases were not clustered geographically except that they were 

alll  located within Bexar County (San Antonio). Eleven of the 12 San Antonio 

hospitalss were supplied with the same municipal water; hospital A was supplied from 

aa private well. 

Area Area 

SanSan Antonio 

(not(not including 

hospitalhospital A) 

SanSan Antonio 

(hospital(hospital A) 

Austin' Austin' 

TypeType of 

test test 

UAG UAG 

Serology Serology 

DFA DFA 

Culture Culture 

UAG UAG 

Serology Serology 

DFA DFA 

Culture Culture 

Culture Culture 

1994 1994 

TestsTests 1 

hospitals' hospitals' 

1/8 1/8 

30/3 30/3 

8/2 8/2 

34/3 34/3 

0/1 0/1 

/o /o 
438/1 438/1 

438/1 438/1 

10 10 

Average Average 

0.1 0.1 

10 10 

4 4 

11 11 

0 0 

438 438 

438 438 

1995 1995 

TestsTests 1 

hospitals' hospitals' 

31/8 31/8 

433/5 433/5 

118/4 118/4 

322/6 322/6 

7/1 7/1 

10 10 

399/1 399/1 

399/1 399/1 

31/1 31/1 

Average Average 

3.9 3.9 

87 87 

30 30 

54 54 

7 7 

399 399 

399 399 

31 31 

1996 1996 

TestsTests 1 

hospitals" hospitals" 

306/8 306/8 

491/5 491/5 

109/8 109/8 

282/6 282/6 

217/1 217/1 

10 10 

390/1 390/1 

390/1 390/1 

35/1 35/1 

Average Average 

38 38 

98 98 

14 14 

47 47 

217 217 

390 390 

90 90 

35 35 

Tablee 1: Frequenc y of use of diagnosti c test s for Legionella  in hospital s in San Antoni o and 

Austin .. Footnotes : *, we were not able to obtai n informatio n one som e test s in som e of the 

hospitals ;;  the numbe r of hospital s tha t were able to suppl y us wit h the data is show n after 

eachh slash ; f . we coul d onl y get informatio n fro m one hospita l in Austi n and thi s hospita l 

supplie dd us onl y wit h the numbe r of culture s performe d in 1995 and 1996; no informatio n 

wass receive d fro m the hospita l in Temple . Abbreviations : UAG, urinar y antige n test ; DFA, 

direc tt  fluorescen t antibodie s test . 
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Thee amount of information that we could obtain on the frequency of diagnostic 

testingg in previous years varied by hospital. Microbiologists in each hospital told us 

thatt there had not been major changes in testing patterns in the last five years, except 

ann increase in use of the urinary antigen test, which replaced the use of DFA in some 

hospitalss in 1996. Information from billing record databases for 1994 to 1996 

confirmedd this (Table 1). The Legionella urinary antigen test had become available to 

Sann Antonio hospitals between September 1995 and August 1996. The rise in 

identifiedd cases coincided with the increased use of the urinary antigen test (Figure 2). 

Inn 1996, the majority of Legionnaires' disease cases (nosocomial and community-

acquired)) in San Antonio were identified through the urinary antigen test (Figure 3). 

Usingg the CDC case-definition, use of serology did not lead to diagnosis of any cases. 

LegionellaLegionella isolates from 9 of 12 nosocomial or possibly nosocomial cases had been 

typed;; all were species or serogroups that were also recovered from environmental 

sampless in the associated hospitals (L pneumophila serogroups 1 and 3, and L 

dumoffii).dumoffii). In two hospitals environmental isolates had been compared to clinical 

isolatess by further subtyping and were indistinguishable. 

Environmentall  investigation findings 

AA total of 215 water and swab samples were processed at the CDC laboratory. 

a a 
10 0 

'Definitelyy nosocomial 

88 11 

Yearr  and Mont h 

'Possiblyy nosocomial ]] Community acquired '' Urinary antigen tests 

Figuree 2: Temporal relationship between increase in use of the urinary antigen test by 12 
Sann Antonio hospitals and detection of cases of nosocomial and community-acquired 
Legionnaires'' disease, October 1993 to January 1997. Most of the community-acquired 
casess and all nosocomial cases in 1994 and 1995 were patients of hospital A. 
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Figuree 3: Identified cases of Legionnaires' disease (nosocomial and community-acquired) 
amongg patients of 12 large hospitals in San Antonio by diagnostic test used to confirm the 
diagnosis,, by year, 1992 to 1996. Some of the cases of 1996 that are shown as culture-
confirmedd were also confirmed by urinary antigen test; these are shown as culture-
confirmedd cases. 

Legionellaceaee (L anisa, L dumoffii, Lfeeleii, L pneumophila serogroups l, 3. 6. 8. and 

10,, and two unknown Legionella-like organisms) were isolated from samples from 1 1 

off  12 San Antonio hospitals. L pneumophila serogroup 1 and L anisa were recovered 

fromm the highest number of different hospitals (each in four hospitals). The only 

hospitall  in San Antonio that was Legionella-free was hospital A. which had just 

experiencedd an outbreak of potable water-associated Legionnaires' disease and had 

implementedd control measures. No legionellaceae were recovered from the four 

hospitalss in Austin and Temple (Table 2). Apart from hospital A, none of the hospitals 

hadd changed the water system configuration or implemented supplemental disinfection 

methodss aimed at control of Legionnaires' disease. Hospital A had installed a copper-

silverr ionization system, replaced all its hot water storage tanks with instantaneous 

waterr heaters, increased the temperature of the hot water to 135°F, and removed "dead 

legs""  (areas in the water system where water stagnates). 

Riskk of u aier s\ stem colonization h\ Legionella 

Tablee 2 gives an overview of the location and water characteristics of the 

hospitals.. Association of selected water parameters with risk of water system 
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Count y y 
San n 
Antonio o 
San n 
Antonio o 
(hosp.. A) 
Austin n 

Temple e 

Water r 
sourc e e 
Ground d 

(municipal) ) 
Ground d 

(privatee well) 

Surface e 
(municipal) ) 

Surface e 
(municipal) ) 

Drinkin gg water disinfectio n 
metho dd and additiona l contro l 
measure ss agains t Legionella 

Freee Chlorine 

Freee chlorine, redesigned water 
system,, metal ionization, water 

temperaturee * 
Monochloramine e 

Monochloramine e 

pHo f f 
water r 

7.2 2 

7.2 2 

9.5-- 10 

7.4 4 

Numbe r r 
of f 

hospital s s 
11 1 

1 1 

3 3 

1 1 

Hospital s s 
colonize d d 

wit h h 
Legionella Legionella 

11 1 

0 0 

0 0 

0 0 

Tablee 2: risk factors for colonization of hospital water systems with legionella, by county. 

Footnote:: *, this hospital had experienced an outbreak of water system associated 

nosocomiall Legionnaires' disease 2 years earlier and had implemented control measures 

againstt Legionella; automatic mixing valves lowered water temperature to F in patient 

rooms. . 

colonizationn is shown in Table 3. In the 1 1 Legionella-compromised hospitals in San 

Antonioo there was a statistical correlation (P=.0\. R =52) between the number of sites 

testingg positive for Legionella and the average free chlorine concentration that was 

measuredd in patient rooms (Figure 4). The hospitals in Austin and Temple were 

Legionella-ÏTQQ,Legionella-ÏTQQ, and the most striking difference between these two municipalities and 

Sann Antonio was that they used monochloramine for residual drinking water 

disinfectionn while San Antonio used free chlorine {P=.0007). Other differences were 

thatt the Legionella-free hospitals received water with a higher pH than the water of the 

otherr two municipalities, and that their water was from a surface source while the San 

Antonioo municipal water was ground water. No statistically significant association 

wass found between the proportion of sites from which Legionella was recovered and 

alll  other parameters, including hospital size, hot water temperature, age of the hospital 

waterr system, and size and configuration of the water heaters. 

Riskk of Legionnaires disease in hospital patients 

Inn univariate Poisson regression analysis (Table 4), a correlation was found 

betweenn the number of nosocomial Legionnaires' disease patients and the proportion 

off  sites in a hospital's potable water system testing positive for Legionella (P=.01). 

butt not with the average, lowest, median, or highest estimated number of colony-

formingg units (CFU) in water samples (highest CFU came closest to statistical 
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Characteristic c 

Typee of residual 

drinkingg water 

disinfectantt used by 

municipality y 

pHH of the water 

Waterr source 

Lowestt hot water 

temperaturee measured 

inn patient rooms * 

Totall number of patient 

bedss (hospital size) 

Totall volume of hot 

waterr storage tanks 

(gallons) ) 

Typee of water heaters 

CI I 

Mono o 

>8 8 

<8 8 

ground d 

Surface e 

F F 

F F 

>300 0 

<300 0 

>2000 0 

<2000 0 

Instant. . 

Tank k 

Hospitalss with 

Legionella Legionella 

inn water 

systemm (n=11) 

11 1 

0 0 

0 0 

11 1 

11 1 

0 0 

6 6 

5 5 

6 6 

5 5 

5 5 

6 6 

4 4 

7 7 

Hospitals s 

without t 

Legionella Legionella 

(n=4) ) 

0 0 

4 4 

3 3 

1 1 

0 0 

4 4 

2 2 

2 2 

2 2 

2 2 

1 1 

3 3 

2 2 

2 2 

RR* * 

>4 4 

<0.36 6 

>4 4 

1.1 1 

1.1 1 

1.3 3 

0.9 9 

PTor r 

95%% CI* 

0.0007 7 

0.009 9 

0.0007 7 

0.66 to 1.9 

0.66 to 1.9 

0.77 to 2.2 

0.44 to 1.7 

Tabl ee 3: selected hospital characteristics and risk of hot water system colonization with 

legionella,legionella, 15 large hospitals in San Antonio, Austin, and Temple, Texas. One hospital had 

experiencedd an outbreak of Legionella infections two years earlier; this hospital was 

excludedd from the analysis. Footnotes: *, by univariate linear regression; f , by two-tailed 

Fisherr exact test; t-, all measured water temperatures were F or lower. Abbreviations: 

CI,, free chlorine; Mono, monochloramine; Instant, instantaneous steam-driven water 

heaters;; RR, relative risk; P, probability; CI, confidence interval. 

significance:: P=.23). Other risk factors were the size of the patient population, or 

averagee daily census (P-.05), and the number of organ- or tissue transplant patients 

admittedd to that hospital in 1996 (P=.07). Information on the number of urinary 

antigenn tests was only available for eight hospitals; those that used the urinary antigen 

testt frequently in 1996 tended to identify more nosocomial cases of Legionnaires' 

diseasee (P=.09). 

Otherr factors, such as the number of AIDS patients, the number of leukemia 

patientss admitted, or the number of cultures done for Legionella, were not significantly 

associatedd with the number of cases. The multivariate Poisson regression model that 
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bestt predicted the number of nosocomial cases of Legionnaires' disease (model 

1 1 

CD D 

•11 0.8 
O O 

a a in in 

••== 0.6 

'S S 
c c 
o o 
' rr 0.4 
o o 
a. . 
0 0 

0.2 2 

0 0 

0 0 

• • 

^ ^ • ^ ^ ^^ • 

• • 

• • 

00 1 

"̂̂ ^̂ ^ • 

• • 

0.22 0.3 

Chlorinee concentration (mg/L) 

• • 

0.4 4 0.5 5 

Figuree 4: Average free residual chlorine concentration as measured in patient room tap 

waterr and proportion of sites positive for Legionella, 11 hospitals in San Antonio. Each dot 

representss one hospital; a regression line is shown. Linear regression statistics: R2=.52, 

P=.01.. One hospital in San Antonio (hospital A) had implemented control measures 

againstt Legionella several years before our investigation; this hospital is not included. No 

LegionellaLegionella was recovered from water in all four hospitals in Temple and Austin, where 

monochloraminee was used instead of free chlorine for drinking water disinfection. 

P=.0§\).P=.0§\). contained only the average daily census (P=.03) and the proportion of water 

systemm sites that tested positive for Legionella (P=. 14) (Table 4). 

Discussion n 

Colonizationn of hospital hot water systems by Legionella was documented in 1 1 

off  12 hospitals sampled in one metropolitan area during this investigation of an 

apparentt multi-hospital "outbreak" of nosocomial Legionnaires disease. The one 

Legionella-freeLegionella-free hospital had previously detected the bacterium in its water system, 

bringingg the proportion of compromised hospitals over a 2-year period to 100%. 
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Ourr study illustrates the impact of the introduction of new and improved 

diagnosticc tests. Introduction of the urinary antigen test led to recognition of 

nosocomiall  cases. This was evidenced by the temporal relationship between the 

introductionn of this test in San Antonio hospitals and the rise in detected legionellosis 

casess (Figure 2), and the fact that the urinary antigen test led to the diagnosis of the 

majorityy of cases in 1996 (Figure 3). This conclusion was further supported by our 

statisticall  analysis finding an association that was almost statistically significant 

(P=0.()9,(P=0.()9, Table 4). There may have been some bias in that some hospitals may have 

startedd to use more diagnostic tests in response to the rise in identified cases. We 

Multivariate e 

RRR (CI95) P 

1.02(1.00-1.04)) 0.03 

tt  t 

tt  t 

598(0.11-3-10 6 )) 0.14 

tt  t 

Tablee 4: Risk of nosocomial Legionnaires' disease and hospital characteristics, by 

univariatee and multivariate poisson regression analysis. The unit of analysis was the 

hospital.. The outcome variable was the number of nosocomial Legionnaires' disease 

casess in a hospital. Definitely nosocomial cases were counted as 1 "case", possibly 

nosocomiall cases were counted as V? "case", and for each hospital these were added up. 

Inn addition, a statistical weight of Y was given to hospitals that had only one possibly 

nosocomiall case. One hospital in San Antonio that had experienced an outbreak of 

Legionnaires'' disease 2 years earlier (hospital A) was not included in the analysis. Unless 

statedd otherwise, the calculation included all 15 hospitals in San Antonio, Temple, and 

Austin.. Footnotes: *, Calculation done for the 11 hospitals in San Antonio where 

LegionellaLegionella was recovered from the potable water system; t , Did not contribute 

significantlyy to the multivariate model; $, data on urinary antigen testing available for only 

eightt hospitals, which all had water systems contaminated with Legionella. Abbreviations: 

RR,, relative risk (hazard ratio); CI95, 95% confidence interval. 

95 5 

Hospitall characteristic 

Averagee daily census 

No.. of transplant patients 

No.. of urinary antigen tests 

donee in 1996* 

Proportionn of water system 

sitess from which Legionella 

wass recovered 

Highestt no. of Legionella 

colony-formingg units (CFU) 

perr mL. isolated from any 

waterr sample 

Univariate e 

RRR (CI95) P 

1.02(1.00-1.03)** 0.05* 

1.03(1.00-1.06)**  0.07* 

1.03(1.00-1.06)) 0.09 

14.3(0.80-256)) 0.07 

1.05(0.98-1.15)) 0.23 
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Thee apparent impact of the introduction of the urinary antigen test suggests that 

casess may have been occurring in San Antonio earlier, which have gone unrecognized. 

Urinaryy antigen tests have a sensitivity of 80-99% and a specificity of 99%. This, in 

combinationn with its ease of use and the very short time needed to perform the test, 

makess it an extremely useful tool for diagnosis of Legionnaires' disease. Currently 

availablee urinary antigen tests can only detect L. pneumophila serogroup 1. This test 

shouldd therefore always be used in conjunction with culture for Legionella from 

clinicall  specimens (e.g. respiratory secretions). Culture has the additional advantage 

thatt environmental and clinical isolates can be compared to help identify the source of 

thee infection. Use of the urinary antigen test is increasing in the United States and in 

otherr countries and this will likely lead to increased numbers of reported cases of 

Legionnaires'' disease and to identification of outbreaks that would otherwise go 

unrecognized.12 2 

Thee fact that serology did not contribute at all to the identification of cases is 

nott surprising because convalescent-phase serum is required for confirmation of a 

case;; a single titer has very low specificity.'1 Convalescent-phase serum is often not 

collectedd because, after the required six to eight weeks, many patients have either been 

discharged,, have died, or have already been diagnosed by means of other tests. 

Thee small number of observations (15 hospitals with only 7 nosocomial cases) 

inn our cohort study was a weakness since it decreased the statistical power and made 

assessmentt of confounding difficult. Because this was a retrospective study we had to 

relyy on available laboratory and surveillance data and we do not know how many cases 

off  Legionnaires' disease were missed. In addition, we were not able to obtain 

backgroundd information on the number of clinical tests for Legionnaires' disease that 

weree performed on inpatients in Temple and two hospitals in Austin. 

Riskk of colonization of hospital water systems by Legionella 

Noo Legionella was recovered from water samples in Austin and Temple. We 

foundd a strong statistical association between use of monochloramine and absence of 

LegionellaLegionella (P=.0007). However, at the time of the investigation we were not aware 

thatt the water services in these cities were using monochloramine. Neutralization of 

monochloraminee requires a higher addition of sodium thiosulphate than is required to 

neutralizee free chlorine '4 and we cannot be certain that enough thiosulphate was 

addedd to completely neutralize the disinfectant. Thus, the absence of Legionella from 

thesee specimens could in part be due to residual monochloramine killin g the organisms 

duringg transport to the laboratory. Nonetheless, this does not account for the absence 

off  cases in these cites, and a recent case control study also supports the role of 
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monoehloraminee in municipal water systems tor preventing transmission of 

Legionnaires'' disease. " The effect of monoehloramine on Legionella is biologically 

plausible:: it is better at reaching distant points in a water system and it penetrates 

betterr into biofilm than free chlorine. 

Thee pH of water supplied to Legionella-frcc hospitals was higher (Tables 1 and 

2).. This was not a causal association but rather a con founder because monoehloramine 

requiress a higher pH than free chlorine for optimal disinfection. We believe that the 

factt that all Legionella-frcc hospitals were supplied with surface water is a chance 

findingg since many outbreaks have occurred in municipalities supplied with surface 

water;; in fact, one study found hospitals receiving surface water to be more at risk of 

LegionellaLegionella colonization. 

Inn hospitals supplied with chlorine-containing water there was a linear 

correlationn between the free residual chlorine concentration and the proportion of sites 

testingg positive for Legionella (Figure 4). This means that even low chlorine 

concentrationss have an impact on survival of Legionella in water systems. Chlorine 

penetratess poorly into biofilm. However, in real-world situations the more important 

weaknesss of chlorine may be that it often does not reach distal sites in water systems, 

ass illustrated by our findings. Free chlorine can disappear quickly and when distances 

betweenn the water treatment plant and the points of use are large the concentration 

oftenn drops to undetectable levels. Chlorine is also used up rapidly when water passes 

throughh water softeners or heaters. Our findings underscore the importance of 

measuringg chlorine concentration in patient rooms rather than at a central location to 

assesss risk of Legionella colonization. 

Ass in many States, the Texas Department of Health's Hospital Licensure 

Divisionn required that water supplied to patient care areas was not warmer than 1 10° F 

too reduce the risk of scalding. s Water temperatures of 95° F to 110° F are ideal for 

growthh of Legionella species. Our measurements confirmed that water temperatures in 

alll  hospitals were too low for control of Legionella. Changing regulations to require a 

hott water temperature of at least 122° F in patient rooms (not at the heater) should 

onlyy slightly increase the risk of scalding |g but it may significantly reduce the 

incidencee of nosocomial Legionnaires' disease. 

Riskk of nosocomial Legionnaires' disease for hospital patients 

Riskk of nosocomial transmission was predicted better by the proportion of water 

systemm sites that tested positive for Legionella than the bacterial concentration of 

LegionellaLegionella (CFU per ml) in the positive samples (Table 4). This observation was 

madee once before in a single hospital/' It may seem counter-intuitive that Legionella 
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bacteriall  concentrations would not be an important determinant of risk of transmission. 

However,, bacterial concentrations can vary significantly over time 'l and current 

methodss for estimation of bacterial counts can be very inaccurate." Quantitative 

countss are influenced by sampling technique and laboratory methods such as 

concentration,, acid treatment, choice of culture media, and plating techniques. 

Moreover,, since only a small proportion of exposed persons develop Legionnaires' 

disease,, the number of /.t^/o^tV/a-disseminating points in a water system (in other 

words,, the number of potentially exposed individuals) may be a more important 

determinantt of transmission than the infectious dose each person is exposed to. It may 

thereforee be unnecessary to use quantitative microbiological methods to assess risk of 

LegionellaLegionella transmission from potable water systems. Based on similar observations.-' 

onee county health department recommends implementing control measures whenever 

thee proportion of positive sites in a hospital surpasses 3()°o in settings where 

nosocomiall  Legionnaires*  disease has not been observed."1 However, nosocomial 

transmissionn has occurred when less than 30°o of sites tested positive.' Highly 

susceptiblee patient populations, in particular transplant patients, are at risk at 

significantlyy lower levels of contamination. On the other hand, in smaller general 

hospitalss with a less susceptible patient population the risk of nosocomial transmission 

likelyy is much lower. 

Ideally,, policies and guidelines for control of nosocomial Legionnaires*  disease 

shouldd take into account the si/e of the hospital, the number of highly susceptible 

patientss (in particular transplant patients), the municipal water disinfection method, 

andd the disinfectant concentration measured in patient rooms. It may not be cost-

effectivee for lower-risk hospitals to test their drinking water for Legionella and experts 

disagreee on what conclusions to draw from results of environmental testing in absence 

o\~o\~ nosocomial cases." There is no doubt, however, that adequate surveillance for 

casess of Legionnaires" disease and a high index of suspicion for the diagnosis among 

clinicianss remain indispensable for detection and control of nosocomial legionellosis. 
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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). 

Interpretatio nn 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. 

Introductio n 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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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 morbidit y and mortalit y 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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Summary Summary 

Summaryy (English) 
LegionellaLegionella is a common cause of severe community-acquired and hospital-

acquiredd pneumonia (legionnaires" disease). The disease is severely under-diagnosed 

andd under-reported. More than 20 years after discovery of Legionnaires" disease, 

controversvv still remains about optimal strategies to reduce morbidity and mortality 

duee to this illness. 

Inn the General Introduction (Chapter 1) the history, epidemiology, clinical 

features,, and options for prevention of Legionnaires' disease are discussed. 

Chapterss 2 and 3 describe investigations of community-based outbreaks of 

Legionnaires'' disease: 

Inn Chapter 2. an investigation of three cases occurring in a cocktail bar in St. 

Louis.. Missouri is described. The outbreak occurred a few days after a heavy 

rainstorm.. The implicated source was a submerged electrical sump pump in the 

basementt of the bar. which apparently produced an aerosol that infected persons 

workingg and patronizing the bar upstairs. 

Chapterr 3 describes an investigation of a cluster of Legionnaires' disease in the 

vicinityy of a large film studio in Los Angeles. California, epidemiology strongly 

implicatedd a number of mobile cooling towers that were used intermittently by the film 

studioo whenever a film production required it. However, two other cooling towers, 

whichh were located upwind at a distance from the case-patients, contained a strain of 

LegionellaLegionella pneumophila that was indistinguishable from the outbreak strain by four 

subtypingg techniques. The conclusion was that currently available microbiological 

subtypingg techniques may not always possess sufficient discriminatory power to 

distinguishh epidemiological]}- unrelated strains o\' Legionella. Microbiological data 

shouldd therefore always be interpreted together with epidemiological information. 

Chapterr 4 and 5 are reports o\' hospital-based (nosocomial) outbreaks of 

Legionnaires""  disease: 

Chapterr 4 describes an outbreak in a hospital in Arizona. In early 19%. the 

diagnosiss ol' Legionnaires' disease was made in a number of transplant patients. When 

CDCC and State investigators together with hospital infection control staff searched 

laborator}}  databases for additional cases they discovered that nosocomial transmission 

hadd occurred unrecognized for at least 10 years. In addition, publications were found 

off  Legionnaires" disease occurring IS years earlier in transplant patients of the same 

hospital.. 25 cases were identified between 19X6 and 1996. 12 of these patients had 

diedd due to the Legionella infection. The environmental investigation showed 
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widespreadd contamination of the hospital water system by Legionella. The hospital 

hadd a complex water system and a large part of the report is devoted to a description of 

problemss encountered during the decontamination efforts, which eventually 

successfullyy interrupted the outbreak. 

Chapterr 5 describes an investigation in San Antonio, Texas, into an increase of 

reportedd cases of Legionnaires' disease among patients of multiple hospitals. The 

increasee was attributed to the introduction in San Antonio of the Legionella urinary 

antigenn test: prior cases may have gone unrecognized. All studied hospitals in San 

Antonioo had a problem of Legionella contamination of their water system. The 

investigationn provided an opportunity to study risk factors for contamination of water 

systemss with Legionella and the associated risk of transmission to patients. Hospitals 

fromm San Antonio and two nearby municipalities were enrolled in a cohort study. A 

surprisingg finding was that hospitals in municipalities that used monoehloramine for 

residuall  drinking water disinfection were Legionella-frcc and had not detected any 

legionellosiss cases. This observation led to the study described in the next chapter. 

Inn Chapter 6, a case-control study of hospitals is described, which compared the 

municipall  water disinfection method for water provided to hospitals with reported 

outbreakss of Legionnaires' disease from their potable water system to the disinfection 

off  water supplied to randomly selected control-hospitals. It was found that hospitals 

suppliedd with water containing monoehloramine were 10.2 times less likely to 

experiencee an outbreak of Legionnaires' disease than hospitals supplied with water 

containingg free chlorine. Biological plausibility of the effect of monoehloramine is 

discussed.. This finding may have far-reaching implications for prevention of 

Legionnaires'' disease. 

Thee General Discussion (Chapter 7) summarizes the problems of detection and 

controll  of Legionnaires' disease and, using information from this thesis and from other 

publications,, discusses possible opportunities to improve current Legionella 

preventionn policies. Hospitals in the United States should receive a risk categorization 

basedd on hospital size, number of immunocompromised patients, and municipal water 

disinfectionn method. Control measures for high-risk hospitals should be aggressive, 

whilee lower-risk hospitals can probably use less stringent measures to prevent 

nosocomiall  legionellosis. The value of microbiological testing of water systems 

shouldd be de-emphasized and the importance of building design and water disinfection 

practicess should be emphasized. 

AA separate section of the General Discussion gives an overview of the situation 

inn The Netherlands with regards to Legionnaires' disease. In this country there also 
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aree many more cases of Legionnaires' disease than the official numbers suggest. 

Physicianss should be made aware of this and guidelines for empiric therapy of 

pneumoniaa should be revised. In The Netherlands the majority of the population is 

suppliedd with water that does not contain any residual disinfectant. The risks 

associatedd with Dutch drinking water treatment policy should be evaluated. 
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Samenvattingg (nederlands): 
Veteranenziektee voorkómen 

LegionellaLegionella is een frequente veroorzaker van pneumonie (veteranenziekte), 

zowell  in- als buiten het ziekenhuis. De ziekte is ernstig ondergediagnosticeerd en 

ondergerapporteerd.. Meer dan 20 jaar na de ontdekking van veteranenziekte is er nog 

altijdd onenigheid over optimale bestrijdingsstrategieën om de morbiditeit en mortaliteit 

vann deze ziekte terug te dringen. 

Inn de Algemene Introductie (Hoofdstuk 1) worden de geschiedenis, 

epidemiologie,, kliniek, en mogelijkheden voor preventie behandeld. 

Hoofdstukkenn 2 en 3 behandelen outbreaks van veteranenziekte in de 

gemeenschap: : 

Inn Hoofdstuk 2 wordt een onderzoek naar drie gevallen van veteranenziekte in 

eenn cocktailbar in St. Louis, Missouri beschreven. De outbreak vond plaats enkele 

dagenn na een zware regenbui. De bron bleek een automatische waterpomp in de 

kelderr van de bar te zijn. Deze produceerde blijkbaar een aerosol die mensen in de bar 

erbovenn infecteerde. 

Hoofdstukk 3 beschrijft het onderzoek naar een verheffing van veteranenziekte in 

dee omgeving van een grote filmstudio in Los Angeles, Califomië. De epidemiologie 

gaff  sterke aanwijzing dat de bron één van een aantal mobiele koeltorens was, die 

gebruiktt werden door de filmstudio wanneer dat nodig was voor een produktie. Twee 

anderee koeltorens die bovenwinds op enige afstand van de veteranenziekte-patienten 

stonden,, bevatten echter een stam van Legionella pneumophila die niet te 

onderscheidenn was van de outbreak-stam middels vier verschillende subtypeer 

methoden.. Geconcludeerd werd dat huidige subtypeer technieken soms onvoldoende 

discriminatiee verschaffen voor het onderscheiden van epidemiologisch ongerelateerde 

stammenn van Legionella. Microbiologische gegevens moeten daarom altijd 

geïnterpreteerdd worden in combinatie met epidemiologishe informatie. 

Hoofdstukkenn 4 en 5 behandelen outbreaks onder ziekenhuis patiënten 

(nosocomialee outbreaks): 

Hoofdstukk 4 beschrijft een outbreak in een ziekenhuis in Arizona. Begin 1996 

werdd de diagnose veteranenziekte gesteld bij een aantal transplantatiepatienten. Toen 

onderzoekerss van de CDC, de Staat, en staf van het ziekenhuis op zoek gingen in de 

computerbestandenn van het laboratorium, ontdekten ze dat transmissie in het 

ziekenhuiss had plaats gevonden gedurende tenminste 10 jaar. Bovendien werden 

publicatiess gevonden waaruit bleek dat 18 jaar eerder transplantatiepatienten van 
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hetzelfdee ziekenhuis al veteranenziekte hadden opgelopen. Vijfentwintig gevallen van 

inn het ziekenhuis opgelopen veteranenziekte werden geïdentifieeerd over de periode 

vann 1986 tot 1996: twaalf van hen waren overleden aan de Legionella infectie. Het 

brononderzoekk onthulde wijd verspreide besmetting van het drinkwatersysteem met 

Legionella.Legionella. Het ziekenhuis had een ingewikkeld drinkwatersysteem en een groot deel 

vann het hoofdstuk is gewijd aan een beschrijving van de problemen die zich voordeden 

bijj  de pogingen tot decontaminatie. welke uiteindelijk succes hadden. 

Hoofdstukk 5 beschrijft een onderzoek van een toename van het aantal 

gerapporteerdee gevallen van veteranenziekte onder patiënten van meerdere 

ziekenhuizenn in San Antonio. Texas. De toename werd veroorzaakt doordat de 

LegionellaLegionella urine antigeen test kort daarvoor was geïntroduceerd in San Antonio: 

eerderee gevallen van veteranenziekte waren mogelijk gemist. All e onderzochte 

ziekenhuizenn in San Antonio hadden een probleem van Legionella besmetting in hun 

water.. Het onderzoek verschafte de mogelijkheid om risicofactoren voor contaminatie 

vann watersystemen met Legionella en het gerelateerde gevaar voor besmetting van 

patiëntenn te bestuderen. Ziekenhuizen in San Antonio en twee nabije steden werden 

gerecruteerdd in een cohort studie. Een opvallende bevinding was dat ziekenhuizen in 

stedenn waar monochloramine gebruikt werd voor residuele vvaterdesinfectie 

Legioiiella-\r'\'}Legioiiella-\r'\'}  waren en ook geen gevallen van veteranenziekte hadden gedetecteerd. 

Dezee observatie leidde tot het onderzoek dat beschreven wordt in het volgende 

hoofdstuk. . 

Inn Hoofdstuk 6 wordt een case-control onderzoek beschreven, waarbij de 

drinkwaterdesinfectiee methode van water dat geleverd werd aan ziekenhuizen met 

gerapporteerdee outbreaks van veteranenziekte. die waren herleid tot hun water 

systeem,, vergeleken met de desinfectie van water dat geleverd was aan willekeurig 

geselecteerdee controle-ziekenhuizen. Rr werd gevonden dat ziekenhuizen voorzien 

vann drinkwater dat monochloramine bevatte 10.2 maal minder kans hadden op een 

outbreakk van veteranenziekte dan ziekenhuizen die gevoed werden met water dat vrij 

chloorr bevatte. De biologische plausibiliteit van het gevonden effect van 

monochloraminee wordt besproken. Deze vonst kan vérstrekkende gevolgen hebben 

voorr de preventie van veteranenziekte in de toekomst. 

Dee Algemene Discussie (Hoofdstuk 7) vat de problemen samen betreffende 

detectiee en bestrijding van veteranenziekte. en. gebruik makend van informatie uit dit 

proefschriftt en de literatuur, behandelt mogelijkheden voor verbetering van het huidige 

LegionellaLegionella bestnjdings beleid. Ziekenhuizen in de Verenigde Staten zouden moeten 

wordenn ingedeeld in risicocategorieën afhankelijk van hun grootte, het aantal 
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immunogeeompromitteerdee patiënten, en de plaatselijke drinkwater desinfectie 

methode.. Bestrijdingsmaatregelen voor ziekenhuizen in de hogere risicogroep zouden 

agressief'' moeten zijn terwijl ziekenhuizen in de lagere risicogroep waarschijnlijk 

kunnenn volstaan met minder ingrijpende maatregelen voor de preventie van 

veteranenziekte.. De waarde van microbiologisch onderzoek van watersystemen dient 

tee worden gerelativeerd terwijl het belang van technologische aanpassingen en van 

waterdesinfeetiee dient te worden benadrukt. 

Eenn apart deel van de Algemene Discussie geeft een overzicht van de 

nederlandsee situatie met betrekking tot veteranenziekte. Ook in dat land komen veel 

meerr gevallen van veteranenziekte voor dan de officiële tellingen doen vermoeden. 

Artsenn dienen hiervan op de hoogte gebracht te worden en het antibioticabeleid voor 

empirischee behandeling van pneumonie zou herzien moeten worden. In Nederland 

wordtt de meerderheid van de bevolking voorzien van drinkwater dat geen enkel 

desinfectiemiddell  bevat. Mogelijke risico's in verband met dit nederlandse 

waterbeleidd zouden moeten worden tieëvalucerd. 

139 9 





Acknowledgments s 

Overr the years I have worked in many different settings and in many places. 

Althoughh at times it has not been easy, it also gave me the opportunity to learn from 

thee examples of a great number of extraordinary people. 

Thiss thesis was born out of the work I did at the CDC. I would like to thank 

Robb Breiman and Jay Butler, my supervisors at the CDC's Respiratory Diseases 

Branch,, for the chance they offered me, giving me the responsibilities and the trust that 

helpedd me gain experience as a researcher. Jay, in the almost two years that you 

supervisedd most of my studies on Legionnaires'disease, you were an example of 

scientificc quality and personal integrity. I also have learned a great deal from experts 

suchh as Joe Carpenter, Barry Fields, Robert Benson and Jan Pruckler. 

II  am grateful to Anne Leentvaar and Roel Coutinho of the Municipal Health 

Servicee in Amsterdam for introducing me to the field of infectious disease 

epidemiology.. Roel, thank you for the good advice you gave me over the years and 

forr guiding the development of this thesis. 

II  am indebted to Daan Kromhout for giving me the opportunity to finish this 

thesis. . 

Myy parents I thank for their love and support and their advice, some of which 

turnedd out to be quite far-sighted. 

Sharon,, this booklet would not exist if it weren't for you; you were always 

involvedd and inspiring and above all you sacrificed a lot. Thank you for coming with 

mee to all those places; it was only worth it because I shared the experience with you. 

141 1 



Curriculu mm vitae 

Licensess and certificates 
-- Medical Doctor. July 1990. Utrecht 

University.. The Netherlands. 

Certificatee in Tropical Medicine and 

Hygiene.. 1992. Royal Tropical Institute. 

Amsterdam.. The Netherlands. 

Masterr of Science in Epidemiology. 1998. 

Netherlandss Epidemiological Society, 

Leiden,, The Netherlands. 

Workk experience 
SepSep 99-present Head, Department of Infectious 

Diseasess Epidemiology. 

Nationall  Institute of Public 

Healthh and the Environment (RIVM). Bilthoven. The Netherlands. 

AugAug 98-Aug 99 Chief, Food and Water Safety Unit. Acute Communicable Disease 

Control,, County of Los Angeles Department of Health Services; and 

Visitingg Assistant Professor, Division of Infectious Diseases, 

Departmentt of Medicine. University of Southern California. Los 

Angeles.. California. USA. 

JulJul 96-Jun 98 Epidemic Intelligence Service Officer. Respiratory Diseases Branch. 

Divisionn of Bacterial and Mycotic Diseases. Centers for Disease 

Controll  and Prevention, Atlanta, USA. 

SepSep 95-Mar 96 Associate Professional Officer. WHO Global Program for Vaccines, 

Lima,, Peru (measles elimination activity). 

SepSep 93-Sep 95 Associate Professional Officer, Expanded Programme on 

Immunization.. WHO Regional Office for the Western Pacific. Manila. 

Philippiness (poliomyelitis eradication activity). 

AprApr 93-Sep 93 Medical Officer. Amsterdam Municipal Health Sen ice, Netherlands 

(hepatitiss A and B surveillance). 

SepSep 92-Jan 93 Medical Officer in Charge. Stoelmanseiland Hospital. Suriname. 

NovNov 91-Apr 92 Senior House Officer, Oudenrijn Hospital. Utrecht. Netherlands. 

JulJul 90-Jan 91 Medical Officer. Stoelmanseiland Hospital. Suriname, as above. 

142 2 



Bibliography y 
1.. Kool JL. Buchholz U. Peterson C. Brown EW. Benson RF. Pruckler JM, Fields 

BS,, Sturgeon J, Lehnkering E, Cordova R. Mascola LM. Butler JC. Strengths and 

limitationss of molecular subtyping in a community outbreak of Legionnaires" 

disease.. Submitted. 

2.. Buchholz U. Richards C. Peterson C. Kool JL. Pon D. Murthy R. Boghossian N, 

Mascolaa LM, Jarvis W. The Big Chill: An outbreak of endotoxin-like reactions 

associatedd with intravenous gentamicin - Los Angeles, 1999. Submitted. 

3.. Heffelfinger JD, Fridkin SK, Kool JL, Fraser V, Carpenter J, Hageman JC. Zell 

ER.. Kupronis B. Whitney CCJ. Association between monoehloramine use by 

municipall  water treatment plants and nosocomial Legionnaires' disease. 4th 

Decenniall  International Conference on Nosocomial and Healthcare-Associated 

Infections,, Atlanta, March 2000. 

4.. Donegan N. Pic-Aluas L, Witherell L. Kool J. Flanders D. Shelton B. Short trial 

off  Monoehloramine for Legionella Disinfection in a Hospital Setting. 4th 

Decenniall  International Conference on Nosocomial and Healthcare-Associated 

Infections,, Atlanta. March 2000 (Late-breaker session). 

5.. Nuorti JP. Butler JC. Gelling L, Kool JL. Reingold AL, Vugia DJ. 

Epidemiologicall  relation between HIV and invasive pneumococcal disease in San 

Franciscoo County. California. Annals of Internal Medicine 2000; 132:182-90. 

6.. Kool JL, Bergmire-Sweat D, Brown EW. Fields BS. Benson RF. Pruckler JM. 

Carpenterr JC, Kolczak M, Butler JC. Hospital characteristics associated with 

colonizationn of water systems by Legionella and risk of nosocomial Legionnaires' 

disease:: a cohort study of 15 hospitals. Injection Control and Hospital 

EpidemiologyEpidemiology 1999:20:798-805. 

7.. Kool JL. Carpenter JC. Fields BS. Effect of monoehloramine disinfection of 

municipall  drinking water on risk of nosocomial Legionnaires" disease. Lancet 

1999:353:272-77. . 

8.. Kool JL. Fiore AH, Kioski CM, Brown LW. Benson RF. Pruckler JM. Glasby C. 

Butlerr JC. Cage GD. Carpenter JC. Mandel RM. England B. Breiman RF. More 

thann ten years of unrecognized nosocomial transmission of Legionnaires' disease 

amongg transplant patients. Injection Control and Hospital Epidemiology 

1998:19:898-904. . 

9.. Schwartz B. Kolczak MS. Whitney CG. Kool JL. Schuchat A. U.S. counties with 

higherr rates of antibiotic use have significantly higher proportions of beta-laetam 

143 3 



Bibliography Bibliography 

andd macrolide nonsusceptible S. pneumoniae antimicrobial resistance. ICAAC 

1998. . 

10.. Gomez E, Moore A. Sanchez J, Kool J. Castellanos PL. Feris J. Kolczak M. 

Levinee OS. The epidemiology of Haemophilus influenzae type B carriage among 

infantss and young children in Santo Domingo. Dominican Republic. The 

PediatricPediatric Infectious Disease Journal 1998 Sep:17(9):782-6. 

11.. Gorkom J van, Leentvaar-Kuijpers A. Kool JL. Coutinho RA. [Annual epidemics 

off  hepatitis A in four large cities related to holiday travel among immigrant 

children].. Nederlands Tijdschrift voor Geneeskunde. 1998; 142(34): 1919-23. 

12.. Kool JL, Warwick MC, Pruckler JM, Brown EW, Butler JC. Outbreak of 

Legionnaires""  disease at a bar after basement flooding. Lancet ! 998;351:1030. 

13.. Fiore AE, Kool JL, Carpenter JC, Butler JC. Eradicating Legionella from hospital 

water:: author's reply. JAMA 1997;278:1404-5. 

14.. Fiore AE, Kool JL. Carpenter JC, Butler JC. et al. Sustained transmission of 

nosocomiall  Legionnaires' disease—Arizona and Ohio. MMWR 46( 19):416-21, 

19977 May 16. 

15.. Anonymous. Progress toward poliomyelitis eradication—Peoples Republic of 

China,, 1990-1996. MMWR 45(49): 1076-9, 1996 Dec 13. 

16.. Anonymous. Progress toward global poliomyelitis eradication, 1985-1994. 

A/MW/?44(14):273-5,281,, 1995 Apr 14. 

17.. Anonymous. Progress toward global eradication of poliomyelitis, 1988-1993. 

MMWRMMWR 43(27):499-503. 1994 Jul 15. 

18.. Leentvaar-Kuijpers A, Kool JL, Veugelers PJ, Coutinho RA. van Griensven GJ. 

Ann outbreak of hepatitis A among homosexual men in Amsterdam, 1991-1993. 

InternationalInternational Journal of Epidemiology 1995:24( 1 ):218-222. 

19.. Kool JL. Buth J. [Choice of Material for Supragenual Femoro-popliteal Bypass 

Grafts].. [Abstract]. Nederlands Tijdschrift voor Geneeskunde 1990:134:1574. 

144 4 



Stellingenn behorend bij  het proefschrift 

"Preventingg Legionnaires5 disease" 

Jacobb Kool 



1.. Desinfectie van gemeentelijk drinkwater met monochloramine kan de 
meerderheidd van drinkwater-geassocieerde veteranenziektegevallen helpen 
voorkómenn (dit proefschrift). 

2.. Veteranenziekte is niet zeldzaam: Legionella is één van de drie of vier meest 
frequentee verwekkers van pneumonie in geïndustrialiseerde landen. In Nederland 
krijgenn jaarlijks enkele duizenden personen een legionella-pneumonie. 

3.. Onderdiagnose van veteranenziekte kan leiden tot inadequate behandeling van 
patiënten,, verhoogde sterfte en tot het niet herkennen van outbreaks. 

4.. Veel artsen zijn zich onvoldoende bewust dat veteranenziekte niet 
gediagnosticeerdd of uitgesloten kan worden op grond van klinische of 
radiologischee presentatie. Speciale diagnostische tests dienen te worden 
aangevraagd. . 

5.. Invoering van de Legionella urine antigeen test kan leiden tot een sterke toename 
vann het aantal gediagnosticeerde gevallen van veteranenziekte (dit proefschrift). 

6.. Omdat Legionella vrijwel overal in het drinkwater aanwezig is, dienen allereerst 
maatregelenn genomen te worden om de vermeerdering van deze bacterie tegen te 
gaan.. Hieronder vallen het verwijderen van delen van waterinstallaties waar 
stagnatiee optreedt, temperatuur aanpassingen en adequate desinfectie. Pas daarna 
dientt overwogen te worden om het zin heeft om het water microbiologisch te 
testenn (dit proefschrift). 

7.. De concentratie van Legionella in watermonsters heeft slechts een beperkte 
voorspellendee waarde voor het risico van besmetting van personen. De proportie 
Legionella-positieveLegionella-positieve tappunten in een waterinstallatie is waarschijnlijk een betere 
maatt (dit proefschrift). 

8.. De meerderheid van de Nederlandse bevolking wordt voorzien van drinkwater 
datt geen residueel desinfectiemiddel bevat. Dit bevordert de smaak zowel als het 
risicorisico op veteranenziekte (dit proefschrift). 

9.. Empirische therapie (d.w.z. therapie die ingesteld wordt vóórdat de verwekker 
bekendd is) van niet-in-het-ziekenhuis-opgelopen longontsteking dient te gebeuren 
mett antibiotica die actief zijn tegen Chlamydia, Mycoplasma, en Legionella, 
omdatt deze samen in de meeste landen de meerderheid van de bacteriële 
longinfectiess veroorzaken. Dit maakt pVlactam antibiotica ongeschikt als middel 
vann eerste keus (diverse auteurs). 

10.. Het beleid bij niet-in-het-ziekenhuis-opgelopen longontsteking dient gebaseerd te 
wordenn op leeftijd, ernst van de longontsteking, en onderliggende ziekten 
(Bartlettt JG et al. Community-acquired pneumonia in adults: guidelines for 
management.. The Infectious Diseases Society of America. Clin Infect Dis 1998; 
26:811-38). . 

11.. Het betrouwbaar voorkómen van Legionella-vermeerdering in bubbelbaden 
vereistt zeer vérgaande maatregelen die bij privé-gebruik moeilijk te 
implementerenimplementeren zijn. Totdat de wetenschap eenvoudigere en afdoende 
maatregelenn ontwikkelt, dienen deze apparaten beschouwd te worden als inherent 
onveilig. . 

Amsterdam,Amsterdam, 10 Mei 2000. 
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