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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. 

Introduction 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. 
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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. 
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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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