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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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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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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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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 
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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. 
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