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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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Introduction 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 

67 7 

file:///lisease


ChapterChapter 4 

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, 

72 2 



LegionnairesLegionnaires 'disease among transplant patients 

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 
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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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Q. . 
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Transplantt patients: 

noo bathing 
showerss with sterile water lowerss witn stern 

Drinkingg only 
sterilee water 

Potablee water 
decontaminations s 

Carpett cleaners 
decontaminated d 

ill ii  i 1 

Jann Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1996 1996 

Month/yea r r 

Jann Feb Mar Apr May Jun Jul Aug Sep 

1997 1997 

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 

76 6 



LegionnairesLegionnaires 'disease among transplant patients 

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 

77 7 



ChapterChapter 4 

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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