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Travel-associated outbreaks of legionnaires disease (LD) and combined outbreaks of LD and

Pontiac fever (PF) are rarely identified. During one travel-associated combined outbreak at a

hotel, a cohort study of potentially exposed persons and an environmental investigation were

performed. Two LD and 22 PF cases were identified. Legionella pneumophila serogroup 6

(Lp6) isolates from the index patient and the hotel whirlpool spa were found to be identical

by amplified fragment– length polymorphism typing. Disease occurred in 10 of 26 guests who

were exposed to the spa versus 2 of 29 guests who were exposed only to the pool area (38% vs.

7%; P ¼ .005). Immunoglobulin M (IgM) antibody to the outbreak Lp6 strain was more com-

mon among persons with PF (4 of 9) than among non-ill persons (2 of 32) (44% vs. 6%;

P ¼ .02). Spa exposure correlated with disease (P ¼ .001) and IgM seropositivity (P ¼ .007).

New laboratory techniques facilitate outbreak investigation; to expedite outbreak interruption

and measure the impact of travel-associated legionellosis, surveillance must be improved.

It is estimated that 8000–18,000 cases of community-acquired

legionellosis occur each year in the United States [1]; the total

burden of legionellosis is even higher. Cases of legionellosis

take 1 of 2 recognized forms, legionnaires disease (LD) or Pon-

tiac fever (PF) [2–6]. Most reported cases are sporadic; com-

mon-source outbreaks are rarely detected.

When outbreaks of legionellosis are detected, most involve

LD or PF exclusively; combined outbreaks of both LD and PF

are unusual [7–9]. Although LD was first identified as an out-

break among travelers (legionnaires at the 1976 American

Legion convention in Philadelphia [6]), outbreaks that occur in

travelers are particularly difficult to detect. The number of tra-

vel-associated outbreaks is unknown, and reports of travel-

associated combined LD and PF outbreaks are limited to 1 pub-

lished case series [7], 1 large outbreak [8, 10], and 1 outbreak at

a convention in Iowa that was reported to the Centers for Dis-

ease Control and Prevention (CDC) (D. B. Jernigan, unpub-

lished observations). In general, the burden of travel-associated

legionellosis in the United States is not defined.

We investigated a travel-associated LD and PF outbreak that

was identified only because the index cases occurred in an ex-

tended family from 2 states and because the family members,

who had stayed at a Georgia hotel, brought their illness to the

attention of public health officials. This outbreak investigation

highlighted the challenges associated with detecting and investi-

gating travel-associated disease, documented a combined LD

and PF outbreak, used enhanced laboratory techniques for mol-

ecular subtyping and serologic testing, and demonstrated how

new techniques of molecular characterization may be important

in the development of new surveillance methods.

Background

In late May 1999, the Georgia Division of Public Health

(GDPH) received a report of a case of LD occurring in a visitor

to the state. The patient, a 61-year-old woman, was hospitalized

with pneumonia in New York in early May. She required me-

chanical ventilation, and Legionella pneumophila serogroup 6

(Lp6) was isolated from her sputum. Concurrent with the onset

of her illness, 4 of her family members in Massachusetts and a
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family friend in New York (2 adults and 3 children) became ill

with fever, diarrhea, vomiting, and malaise. All ill persons had

recently traveled to Georgia to attend a wedding and became ill

the day of their return. They had not traveled together; their

only common exposures were attendance at the wedding and

a stay in Hotel A from 23 through 25 April. No other wedding

guests became ill, and no other wedding guests had stayed at

Hotel A. While staying at Hotel A, all ill family members had

used the hotel’s whirlpool spa. The GDPH and the CDC initiated

an investigation to determine the extent of the illness and the

source of transmission.

Methods

Case Finding and Case Definitions

To identify case patients and determine the magnitude of the out-

break, we used hotel records to obtain the names of guests registered

at any time from 1 April through 11 May 1999. Health officials from

the CDC and the GDPH contacted guests by telephone and adminis-

tered a standardized 2-page questionnaire to elicit information re-

garding possible illness and exposure to potential sources of Legion-

ella transmission.

A confirmed case of outbreak-associated LD was defined as

physician-diagnosed pneumonia and laboratory evidence of Legion-

ella infection in a hotel guest who visited the hotel at some point

from 1 April through 11 May 1999. Onset of illness must have

occurred within 10 days of residence in the hotel. Laboratory evi-

dence consisted of isolation of Legionella species from respiratory

secretions or a 4-fold rise in Lp6 antibody titers in paired acute-

and convalescent-phase serum specimens.

A case of PF-like illness was defined as subjective fever and at

least 1 other symptom (diarrhea, vomiting, myalgia, or cough) in a

hotel guest who visited the hotel at some point from 1 April through

11 May 1999. Onset of illness must have occurred within 10 days of

exposure at the hotel. Laboratory confirmation was not included in

the case definition for PF-like illness.

Environmental Investigation

We collected 1-L water samples and biofilm swab specimens

from multiple sites at Hotel A, including the swimming pool, the

swimming pool filter, the swimming pool skimmer buckets, the

whirlpool spa, the whirlpool spa filter, the showerhead in the indoor

pool room, all hot-water heaters, and selected hotel guest room

water faucets and showerheads. To each water sample, we added

0.5 mL of 1 N sodium thiosulfate to neutralize any halogen disinfec-

tant present. We measured bromine concentrations and pH in the

swimming pool and whirlpool spa and reviewed hotel records to

evaluate past bromination and maintenance.

Cohort Study of Guests Exposed to the Indoor Pool Area

To determine risk factors for disease and to evaluate the use of

IgM testing for PF and LD, we performed a cohort study involving

all hotel guests who had been exposed to the indoor pool area during

the index weekend (23–25 April, the weekend during which the in-

dex patient stayed at the hotel). A standardized questionnaire was

developed to collect data on the amount of exposure to the pool

areas, the swimming pool, and the whirlpool spa and other water

sources, as well as recent illness and medical history. Patients’

private physicians and local health departments obtained serum

samples for antibody studies and urine samples for antigen testing.

Specimens were collected from 27 May through 23 June 1999.

Laboratory Methods

Environmental samples. Water samples were filtered and treat-

ed with acid. Water and swab specimens were plated onto buffered

charcoal yeast extract (BCYE) medium with and without supple-

mental antibiotics, using standard plating techniques [11]. Inocu-

lated plates were incubated at 35�C and examined at intervals for

the presence of colonies resembling Legionella species. Suspect col-

onies were picked and inoculated onto biplates containing BCYE

medium with and without L-cysteine. Cultures that required L-

cysteine for growth were subcultured and tested with specific

antisera to determine the Legionella species and serogroup.

Human serum and urine samples. Serum samples were tested

for combined IgG, IgA, and IgM (IgGAM), as well as for IgM

alone, using an indirect immunofluorescence test. A positive result

of testing for IgGAM was defined as a 4-fold rise in levels between

acute- and convalescent-phase samples to a titer>1:128. A positive

result of testing for IgM was defined as a titer>1:64. Urine samples

were concentrated 25 times and tested by ELISA (Binax) for Lp1.

Preparation of bacterial DNA for amplified fragment–length

polymorphism testing (AFLP). The patient isolate, environmental

isolate, and 10 strains of Lp6 from the CDC archives (Chicago 2,

Johannesburg 5, Albany 1, Oxford 1, SRP39, Denver 3, Sydney 1,

LD82-683, ED38, and Vasteras 57/1) were inoculated onto BCYE

medium and incubated at 35�C for 24–48 h. These strains represent

10 of the 11 electrophoretic types of Lp6 described by McKinney

et al. [12]. Cells were lysed, and DNA was extracted by use of a

DNA purification kit (MasterPure; Epicentre Technologies).

Adapters AX1, AX2, and PX-G were constructed as described

by Mazurek et al. [13]. In addition, adapters PS1 and PS2 were

prepared as described by Riffard et al. [14]. All oligonucleotides

were obtained from the Biotechnology Core Facility of the CDC.

Adapters were prepared by mixing of equal molar amounts of AX1

and AX2 or PS1 and PS2 in 1% polymerase chain reaction (PCR)

buffer (PE Biosystems) and allowed to anneal as the mixture was

cooled from 80�C to 4�C over the course of 1 h in a thermocycler

[13]. Oligonucleotides PS1 and PX-G were used as primers in the

PCR.

A portion of the extracted DNA was digested with 40 U each of

Pst I and Xba I in 1£ SuRE/Cut buffer H (Roche Molecular Bio-

chemicals) for 1.5 h at 37�C, followed by incubation at 65�C for 20

min to inactivate the restriction enzymes. All enzymes were ob-

tained from Boehringer Mannheim. The Xba I (AX1/AX2) and

Pst I (PS1/PS2) adapters were ligated onto the restricted DNA sam-

ple by use of T4 DNA ligase. The samples were incubated at 16�C

for 1 h and then at 65�C for 20 min to inactivate the T4 DNA ligase.

The samples were treated with 10 U each of Xba I and Pst I at 37�C
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for 15 min to cleave any restriction sites that were reformed by

ligation.

DNA samples with ligated adapters were amplified by use of

25-mL reaction volumes containing 5 mL of sample, 0.5 U of Taq

polymerase (PE Biosystems), 200 mM of each dNTP (PE Biosys-

tems), 1 mM each of PS1 and PX-G primers, 1£ PCR buffer,

0.5 mM MgCl2, and distilled water. Amplification was done in a

GeneAmp PCR System 2400 (PE Biosystems) with a profile consist-

ing of an initial denaturation of 5 min at 94�C, 30 cycles of dena-

turation at 94�C for 30 s, primer annealing at 60�C for 30 s, and

extension at 72�C for 90 s, followed by holding at 4�C.

The PCR products were loaded into wells with a 3.5% MetaPhor

agar gel (FMC) containing ethidium bromide in 1£ Tris-borate–

EDTA buffer and electrophoresed at 90 V. After electrophoresis,

the gel was photographed with UV illumination. In addition to gel

electrophoretic analysis, a fluorescence-labeled fragment analysis

method (ABI Prism 310; PE Applied Biosystems) was used, accord-

ing to the protocol described by Benson et al. [15].

Statistical Analysis

Data entry and analyses were done with Epi Info software (ver-

sion 6.04; CDC) and SAS software (version 6.12; SAS Institute).

Odds ratios and 95% confidence intervals were calculated to as-

sess categorical exposure variables. Dose-response relationships

were compared using the x2 test for trend analysis. Age-group dif-

ferences and water exposure times were compared using the Wil-

coxon rank sum test. For all statistical tests, P < :05 was considered

to be significant; all P values reported are 2-sided.

Results

Epidemiologic Investigation

Hotel. Hotel A is located in a suburb of Atlanta and has 143

rooms. Seventy percent of the hotel guest rooms were occupied

during the index weekend. The hotel swimming pool is located

partially indoors and partially outdoors. The indoor section is

located in the indoor pool room, which also contains the whirl-

pool spa, an open shower area, a water fountain, and several

chairs and tables. The indoor pool room measures 19:2 £ 8:1 m.

In the far corner of the indoor pool room, a door leads to a main-

tenance room that contains filtration units for the pool and whirl-

pool spa. Doors and windows of the indoor pool room are kept

closed at all times; the only ventilation is in the maintenance

room. The whirlpool spa has a capacity of 1893 L. There are no

cooling towers on the hotel or on any buildings in the immediate

area; hotel guest rooms are cooled by closed-unit window air

conditioners.

Case finding. We were able to contact 414 guests who had

stayed at the hotel on at least 1 night from 1 April through 11

May 1999; 150 (36%) of those guests stayed at the hotel on at

least 1 night during the index weekend. Of the 414 guests, 21%

were from Georgia, 9% from Tennessee, 6% from Alabama,

6% from Florida, 6% from Illinois, and <5% from each of 21

other states. Case finding identified an additional patient who

had LD and 22 persons (5%) who had PF-like illness within 10

days of the last night of the hotel stay. Of the 150 persons who

stayed at the hotel during the index weekend, 13 developed PF-

like illness within 10 days of the last night of the hotel stay, com-

pared with 9 of 264 guests who did not visit the hotel during the

index weekend (9% vs. 3%; P ¼ :02). Overall, attack rates for

LD and PF-like illness among all persons contacted during the

case finding were 11% for those who entered the indoor pool

area and 2.6% for those who did not enter the indoor pool area.

Whirlpool spa maintenance records. On the weekend dur-

ing which the case patients were in the whirlpool spa, bromine

concentrations of 2 ppm were recorded, the minimum recom-

mended concentration for whirlpool spas; the ideal bromine con-

centration is 3–5 ppm [16–18]. During that time, the pH was 7.2,

which is also the minimum suggested value. The ideal pH is 7.4–

7.6 [16–18]. During the daytime on 22 April, the day before the

index weekend, the whirlpool spa water had been emptied and

changed, and the whirlpool spa was drained on 26 April and left

empty for several days while the underwater lighting fixtures

were repaired.

During the 51 days from 22 March through 11 May, the pH

was recorded 39 times in the maintenance log book, and the bro-

mine concentration was recorded 40 times. The pH was outside

of the ideal range for 22 (56%) of the 39 observations, and the

bromine concentration was below the minimum recommended

value for 10 (25%) of the 40 observations. In that time, there

were 3 instances in which no bromine or pH values were docu-

mented for >2 days in a row.

Cohort Study

Of 150 hotel guests who stayed at Hotel A for at least 1 night

during the index weekend, 64 (43%) reported being in either the

outdoor or indoor pool area. Of these, 53 (83%) participated in

the cohort study, 41 (77%) submitted serum specimens, and 35

(66%) submitted urine samples.

Clinical symptoms. In addition to the 2 patients with LD

already described (in the section “Background” and the section

“Case finding” in Results), 10 (18%) of the 53 study participants

developed PF-like illness, and 7 of those became ill within 5 days

(median, 1 day) of their last night at the hotel. The following

symptoms were reported by the guests: diarrhea (6 of 10 guests

with PF-like illness), cough (4 of 10), nausea (5 of 10), vomiting

(6 of 10), headache (4 of 7), and myalgia (2 of 5) (information

was not available for all guests).

Demographic and background information. The median

age of ill persons was 20.5 years, the median age for persons

with PF-like illness was 12 years (interquartile range [IQR],

5–31 years), and the ages of the 2 persons with LD were 61 and

71 years. The median age of non-ill persons was 37 years (IQR,

11–46 years).
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Although the 2 LD patients had a history of long-term smok-

ing, there was no statistical difference in smoking status between

the group of patients who became ill and the group of patients

who did not; 1 of 10 persons with PF-like illness, 2 of 2 persons

with LD, and 9 of 41 non-ill persons had a history of smoking of

any duration. Similarly, no statistical difference was seen in the

presence of underlying medical conditions in the group of

patients who became ill and the group of patients who did not.

Two of 10 persons with PF-like illness, 0 of 2 persons with LD,

and 5 of 41 non-ill persons had an underlying medical condition.

Exposure to the pool area. The median time of exposure to

the indoor pool area was similar for ill and non-ill persons (table

1). The attack rate for those exposed to the indoor pool area was

22%, and, for those who entered the whirlpool spa water, it was

38%. The attack rate for those who entered the pool areas but

did not enter the whirlpool spa water was 7% (relative risk, 5.6;

P ¼ :0005). Persons with LD or PF-like illness were signifi-

cantly more likely to have bathed in the whirlpool spa. Ill persons

reported spending a significantly longer period of time in the

whirlpool spa than non-ill persons (P ¼ :007; table 1).

Laboratory results. There was a dose-response relationship

between duration of whirlpool spa exposure and LD or PF-like

illness (P ¼ :001) and IgM seropositivity (P ¼ :007) (figure 1).

There was no dose-response relationship between time spent in

the indoor pool area and disease or IgM seropositivity.

The number of ill persons who had positive results of testing

for IgM (titer >1:64) was significantly higher than the number

of non-ill persons with positive results. Of the 41 persons tested

for IgM, 4 of 9 individuals with PF-like illness and 2 of 32 non-

ill persons had positive results (44% vs. 6%, P ¼ :02). A 4-fold

rise in IgGAM levels was detected in 1 of 9 persons with PF-

like illness and in 1 of 32 non-ill persons (P ¼ :4).

All 35 of the urine samples that were submitted yielded nega-

tive results on testing for Lp1 urine antigen.

Environmental Investigation

Lp6 was isolated from 1 of the whirlpool spa biofilm swab

samples. No legionellae were isolated from any other environ-

mental specimens. The Lp6 isolates from the whirlpool spa and

from the infected patient were identical on AFLP analysis. The

outbreak Lp6 strain was distinct on AFLP analysis from all

available previously found Lp6 strains (figure 2).

Discussion

We describe one of the few recognized travel-associated com-

bined outbreaks of LD and PF. Epidemiologic and laboratory

data from this investigation indicated that the source of trans-

mission was a poorly maintained whirlpool spa. Not only were

attack rates significantly higher among persons exposed to the

whirlpool spa, but the environmental isolate from the whirlpool

spa matched the index patient isolate on molecular analysis and

was found to be a unique Lp6 strain. A dose-response relation-

ship existed between exposure to the whirlpool spa and both ill-

ness and serologic response.

Travel-associated outbreaks of LD are difficult to detect for

many reasons: attack rates for LD are low, meaning that no clini-

cian is likely to see.1 case; the incubation period is long, allow-

ing infected persons to leave the area in which they acquired the

infection; and surveillance is poor, making it difficult to link

cases epidemiologically. Appropriate surveillance for travel-

associated illness should be timely and sensitive, and it should

contain an epidemiologic component that links exposure to ho-

tels or other travel-associated sites and a laboratory component

so that isolates can be matched. Implementation of detailed sur-

veillance for travel-associated legionellosis is necessary for

Table 1. Pool area exposures in a cohort of 53 guests who used the
indoor pool area of a hotel implicated in an outbreak of legionnaires dis-
ease and Pontiac fever.

Exposure parameter

Cohort members

PIll (n = 12) Not ill (n = 41)

Guests who bathed in

whirlpool spa, no. (%) 10 (83) 16 (39) .007a

Time in indoor pool area,

median min (IQR) 61 (61–150) 60 (15–180)b .46

Time in whirlpool spa,

median min (IQR)

All guests 60 (12.5–60) 0 (0–10) .0008

Only guests who used

the whirlpool spa 60 (60–60)c 30 (7.5–60)d .039

NOTE. IQR, interquartile range.
a Relative risk, 5.19 (95% confidence interval, 1.26–21.47).
b Of the 41 persons who did not become ill, information about time spent in the

indoor pool area was available for 35.
c Of the 12 persons who became ill, only 10 entered the whirlpool spa.
d Of the 41 persons who did not become ill, only 16 entered the whirlpool spa.

Figure 1. Dose-response relationship between duration of exposure
to a whirlpool spa and both disease and IgM seropositivity (the x2 test
was used to analyze the trend). The 0–10-min category was used as
the reference group (relative risk, 1). For Pontiac fever (PF), 95% confi-
dence intervals (CIs) were 0.23%–15.3% for 11–30-min exposures
and 1.53%–17.9% for 31–90-min exposures. For PF or legionnaires
disease (LD), 95% CIs were 0.23%–15.3% for 11–30-min exposures
and 2.18%–22.3% for 31–90-min exposures. For IgM titers >1:64,
95% CIs were 0.3%–57.5% for 11–30-min exposures and 1.27%–
78.9% for 31–90-min exposures. *n ¼ 53; **n ¼ 41.

Benin et al.240 JID 2002;185 (15 January)

Downloaded from https://academic.oup.com/jid/article-abstract/185/2/237/2191383
by Government user
on 21 February 2018



interruption of Legionella transmission from ongoing outbreak

sources, for better understanding of travel-associated disease,

and for implementation of preventive measures.

Whirlpool spas have been identified as sources of both LD and

PF and have been associated with outbreaks in hotels and on

cruise ships [7, 8, 10, 16, 19–24]. Because spas are common fea-

tures of hotels and cruise ships, they may have a significant role

in travel-associated legionellosis. Publicly used whirlpool spas

may have much heavier use than whirlpool spas in private sites,

and a heavy bather load can compromise halogen concentrations

[17, 18]. Review of the maintenance records at Hotel A indicated

that whirlpool spa conditions were frequently below optimum

during the time period that we examined. Whirlpool spa–related

disease is highly preventable; appropriate halogenation and filter

disinfection practices can minimize the potential for Legionella

growth and transmission [16–18]. Hotels and cruise ships must

take responsibility for properly monitoring their facilities and

for maintaining appropriate water conditions.

Laboratory testing is necessary for confirmation of legionello-

sis outbreaks. Culture followed by molecular typing is essential

for matching environmental isolates to patient isolates for identi-

fication of the source of transmission. To be useful in an out-

break, methods of organism identification not only must allow

comparison of patient and environmental isolates but also must

be rapid. An available commercial urine antigen test provides

rapid testing for infection with Lp1. Because IgM testing has

the potential to provide rapid diagnosis for all strains of Legion-

ella during an outbreak, it is important to standardize this tool,

which is newly available for use in outbreak investigations.

Like urine antigen testing, it does not yield an isolate. Therefore,

although antigen and IgM testing are complements to legionello-

sis investigations that give rapid results, culture and molecular

typing remain essential for tracing a patient isolate to an environ-

mental source.

Although serologic studies do not result in isolation of an

organism, they do have the ability to fine-tune case definitions

of PF and LD. For this outbreak investigation, we adapted new

IgM testing for use with disease caused by a non-Lp1 strain to

confirm the diagnosis of legionellosis and establish the case

status for both PF and LD. Serologic results confirmed that PF

and LD were occurring concurrently during the outbreak and

allowed us to document a dose-response relationship between

exposure to the whirlpool spa and both disease and seropositiv-

ity. Although LD has been shown to have a dose-response

relationship to duration of exposure to whirlpool spa water [21],

no association between either PF or seropositivity and duration

of exposure has been reported.

Once a Legionella species is isolated, molecular characteriza-

tion can be accomplished by several methods. Established tech-

niques of macrorestriction analysis and PCR-based typing have

been limited by problems in reproducibility, standardization,

and comparability [25–27]. The recent introduction of AFLP

analysis has enabled molecular typing to be done on a level that

can be widely applied, making documentation of travel-associ-

ated disease more feasible. AFLP techniques can be used to sup-

plement surveillance of multistate travel-associated disease out-

breaks; because AFLP patterns are readily computerized by use

of fluorescence detection methods, information can be compared

electronically across multiple states and locations. This technol-

ogymayeventuallybe incorporated into already existingcomput-

erized surveillance systems, such as PulseNet, a pulsed-field gel

electrophoresis–based surveillance system for enteric diseases

[28–30]. The outbreak described in the present study marks the

first time that AFLP testing was used on a non–serogroup 1 L.

pneumophila and suggests that AFLP testing may be readily us-

able across serogroups and species.

Once cases of legionellosis are identified and confirmed, time-

liness in the comparison of case information from many states

Figure 2. Amplified fragment–length polymorphism testing of standard Legionella pneumophila serogroup 6 (Lp6) isolates and the outbreak
isolates. The outbreak Lp6 isolates from the whirlpool spa (lane 13) and the index patient (lane 14) were identical and demonstrated a pattern differ-
ent from those of all previously isolated Lp6 strains. Lanes 1 and 15, Molecular weight standards; lane 2, Sydney 1; lane 3, Albany 1; lane 4, LD82-
683; lane 5, Vasteras 57/1; lane 6, Chicago 2; lane 7, Denver 3; lane 8, SRP39; lane 9, SRP39; lane 10, ED38; lane 11, Johannesburg 5; lane 12,
Oxford 1.
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and locations is essential to finding and eliminating the source of

transmission. As in this outbreak, the movement of travelers pre-

sents a challenge to timely surveillance for travel-associated

legionellosis. However, through development of computerized

systems that integrate AFLP technology, we can maximize the

timeliness of any comprehensive surveillance system for travel-

associated legionellosis.

Surveillance for travel-associated LD has not been strong in

this country; however, in Europe, a travel-associated Legionella

surveillance system links 31 countries, and in 1999 it detected 26

travel-associated clusters [31]. In the European scheme, travel-

associated cases are entered into a computerized database. The

system cross-checks patients’ travel accommodations to deter-

mine whether other patients who stayed in the same accommo-

dations in the previous 6 months are listed, thus making up a

cluster. Collaborators in each country or center are notified, and

follow-up investigation is initiated. Based on data from this sys-

tem, it is estimated that 50% of LD cases in England and Wales

are travel associated [32, 33].

This investigation demonstrates how the timely identification

of a travel-associated outbreak of legionellosis can result in

disease prevention. Because of the highly preventable nature

of travel-associated LD and the possibly high incidence of

disease, surveillance for travel-associated disease in the United

States should be improved.
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