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Abstract t 

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

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

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

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

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

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

primedd polymerase chain reaction. The city had experienced exceptionally heavy 

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

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

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

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

Legionnaires'' disease. 

Introductio n n 

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

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

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

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

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

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

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

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

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

andd amoebae/ 

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

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

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

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

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

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

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

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

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

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

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

Legionnaires""  disease has never been reported. 

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

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

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

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

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

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

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

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

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

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

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

infection,, and to prevent further transmission. 

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

Casee definition 

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

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

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

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

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

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

phasee sera. 

Casee finding 

Wee searched for other possible eases using the following strategies: 

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

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

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

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

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

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

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

pneumophilapneumophila serogroup 1 antigen by radioimmunoassay. 

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

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

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

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

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

respiratoryy symptoms in the 2 preceding months. 

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

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

pneumoniaa in August and September. 

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

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

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

off  Health. 

Interviews s 

Thee three identified patients were interviewed about activities and whereabouts 

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

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

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

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

memberss who had recently had pneumonia. 

Environmentall  investigation 

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

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

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

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

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

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

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

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

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

Sampless were either plated directly with acid treatment as necessary or 

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

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

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

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

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

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

twoo subtyping methods has been used successfully in previous investigations to 

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

environmentall  samples. 

Results s 

Casee finding 

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

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

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

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

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

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

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

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

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

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

investigation. . 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

withh AP-PCR (Figure 3). 

Interviews. . 

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

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

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

7,, no DNA control. 

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

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

chronicc medical conditions associated with increased susceptibility to LD. The 

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

Environmentall  investigation. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

crackss in the wooden floor from the crawlspace underneath. 

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

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

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

temperaturee was 19.5 °C before the sump pump was run and rose to 21 °C after the 
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1996. . 
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Figuree 5: Sump pump in operation. A jet of water can be seen coming out of the side 
(arrow).. This jet probably produced aerosol. 

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

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

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

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

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

Interventions. . 

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

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

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

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

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

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

Discussion n 

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

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

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

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

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

wass 3c/c 

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

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

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

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

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

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

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

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

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

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

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

environmentall  isolates, by DNA fingerprinting and monoclonal antibody subtyping, 

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

infection. . 

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

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

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

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

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

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

createe a temperature favorable for the amplification of Legionella. 

Rainwaterr seeping into the crawlspace may have introduced organisms from 

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

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

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

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

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

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

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

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

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

streett outside of the bar. 

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

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

connectedd to the bar for more than 2 years thereafter. 

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

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

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

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

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

methodss to prevent infection. 
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