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Background. During March 2004, a large outbreak of legionnaires disease and Pontiac fever occurred among
hotel guests in Oklahoma. An investigation was conducted to identify the source and evaluate the utility of the
Legionella urine antigen assay and serologic testing for the identification of Pontiac fever.

Methods. A retrospective cohort investigation of hotel guests and employees and an environmental evaluation
were performed. Participants were interviewed, and clinical specimens were collected from consenting individuals.

Results. Six cases of legionnaires disease and 101 cases of Pontiac fever were identified. Exposure to the indoor
pool and hot tub area was associated with legionellosis (relative risk, 4.4; 95% confidence interval, 2.8–6.9).
Specimens from the pool and hot tub tested positive for Legionella pneumophila serogroup 1 by polymerase chain
reaction. For Pontiac fever, the sensitivity and positive predictive value were 35.7% and 100%, respectively, for
the urine antigen assay, and 46.4% and 90%, respectively, for serologic testing. The specificity and negative predictive
value were 100% and 47.8%, respectively, for the urine antigen assay, and 89.3% and 45.5%, respectively, for
serologic testing.

Conclusions. Urine antigen testing, with or without serologic testing, can be used to confirm outbreak-as-
sociated cases of Pontiac fever caused by L. pneumophila serogroup 1.

Legionellosis can present as 2 distinct clinical entities:

Pontiac fever, a self-limited, nonpneumonic, flulike ill-

ness; and legionnaires disease, a more severe form in-

volving pneumonia [1–5]. Between 8000 and 18,000

persons are hospitalized in the United States each year

with legionnaires disease [6]. Legionellae are ubiquitous

in natural and manmade aquatic environments and

multiply in the presence of warm water temperatures

(25�C–42�C) inside free-living amoebae [1, 7]. Sources
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previously identified in outbreak investigations include

hot tubs, building air-handling systems, decorative

fountains, and industrial operations [2, 8–26].

It is important to recognize isolated cases of legion-

ellosis, because they may lead to the identification of

more cases of Pontiac fever or legionnaires disease [9,

14]. In outbreaks of infection in which a point source

is identified rapidly, environmental water samples can

be tested to confirm the presence of legionellae, al-

though laboratory confirmation of human disease has

been much more challenging. Serologic testing has been

used in previous outbreak investigations to confirm that

Legionella species are the etiologic agent. The Legionella

urinary antigen test is the most widely used diagnostic

test for diagnosis of legionnaires disease; however, it

has not been useful in previous outbreaks of Pontiac

fever [11–14, 19, 24, 26–29]. This test has important

implications for control of outbreaks of legionnaires

disease, because it allows for rapid diagnosis and iden-
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tification of Legionella pneumophila serogroup 1 (Lp1), the most

common serogroup identified among patients.

On 20 March 2004, Oklahoma public health officials were

notified of a cluster of persons who were ill with symptoms of

fever, myalgias, shortness of breath, and fatigue, including 1

hospitalized person with a positive Legionella urinary antigen

test result. All ill persons were attending a national youth bas-

ketball tournament and were guests at the same hotel during

the week of 15 March through 21 March 2004. We investigated

this outbreak of travel-associated legionellosis, which occurred

among a well-defined cohort. A retrospective cohort study was

conducted to identify the source(s) of transmission for Le-

gionella infection, to institute measures to prevent additional

cases, and to evaluate the sensitivity and specificity of the uri-

nary antigen assay and the serologic indirect fluorescent anti-

body test for the diagnosis of Pontiac fever.

METHODS

Case definitions. A confirmed case of legionnaires disease was

defined as radiography-confirmed pneumonia and laboratory-

confirmed Legionella infection in a hotel guest or employee

who had an onset of illness within 10 days after visiting the

hotel. Laboratory confirmation consisted of at least 1 of the

following events: isolation of Legionella from lung tissue, re-

spiratory secretion, pleural fluid, blood, or other sterile site

specimen; detection of Lp1 antigen in urine; demonstration of

a �4-fold increase in the antibody titer to at least 1:128 between

acute- and convalescent-phase serum specimens; or demon-

stration of an antibody titer �1024. A probable case of le-

gionnaires disease was defined as radiography-confirmed pneu-

monia, absence of laboratory confirmation of Legionella

infection, and at least 1 reported symptom (fever, cough, short-

ness of breath, or wheezing) in a hotel guest or employee who

had onset of illness within 10 days after being at the hotel. A

case of Pontiac fever was defined as documented or subjective

fever or chills and at least 1 other symptom (headache, cough,

shortness of breath, muscle aches, vomiting, or diarrhea) in a

hotel guest or employee who had onset of illness within 3 days

after visiting the hotel.

Retrospective cohort study. The cohort study included per-

sons registered at the hotel at least 1 evening and employees

who worked at least 1 shift from 15 March through 22 March.

A standardized questionnaire was administered to obtain de-

mographic data, to identify potential sources for exposure, and

to elicit information about the clinical characteristics of the

illness.

We requested urine and paired serum samples from con-

senting symptomatic and asymptomatic persons. Acute-phase

serum specimens were collected from symptomatic persons

within 14 days after symptom onset and within 14 days after

hotel departure for asymptomatic persons. Convalescent-phase

serum specimens were obtained 3–6 weeks after acute specimen

collection. Urine specimens were collected from symptomatic

persons within 10 days after symptom onset and within 10 days

after hotel departure for asymptomatic persons. Serum and

urine specimens were tested at the Centers for Disease Control

and Prevention (CDC; Atlanta, GA).

Environmental investigation. A standard pool inspection

was conducted, which included a review of the facility’s op-

eration and maintenance records, as well as water quality testing

of the pool and hot tub. We measured bromine concentrations

and pH levels and interviewed the pool service representative

contracted by the hotel regarding recent pool and hot tub main-

tenance activities.

Water samples and biofilm swab specimens were collected on

22 March from multiple sites, including the swimming pool, the

hot tub, and the dehumidifier unit. Specimens were placed in

sterile containers and submitted to the Oklahoma State Depart-

ment of Health Public Health Laboratory (Oklahoma City, OK).

All specimens were plated on standard growth media for the

cultivation of Legionella species [30]. Specimens were also for-

warded to the CDC and tested for the presence of Legionella

species using direct fluorescent antibody testing and PCR, be-

cause conditions for environmental specimens were suboptimal

for culture as a result of high levels of disinfectant in the water

at the time of collection. Biofilm specimens taken from the car-

tridge filter of the hot tub were examined by direct fluorescent

antibody testing. The specimen was stained with an antibody

specific to Lp1 and examined microscopically for the presence

of the bacteria. Environmental specimens were extracted using

the Qiagen DNA kit and tested using the TaqMan PCR, with

primers and probes specific for Legionella species [31].

Clinical laboratory methods. Serum samples were tested

at the CDC using an indirect immunofluorescent antibody as-

say for combined IgG, IgM, and IgA antibodies using an antigen

of Lp1 [32]. Urine specimens were tested at the CDC for Lp1

antigen using the Binax ELISA immunoassay in accordance

with manufacturer instructions.

Statistical analysis. Data were entered into a Microsoft

Access 2000 database, and analyses were performed with Epi-

Info, version 3.03 (CDC), and SAS software, version 9.1 (SAS

Institute). Relative risks (RRs) and 95% CIs were calculated for

exposures. Age group differences and duration of exposures

were compared using the Wilcoxon rank sum test. Dose-

response relationships were assessed using the x2 test for trend

analysis. Multivariate logistic regression was performed and in-

cluded all statistically significant ( ) variables identifiedP ! .05

during univariate analysis.

Sensitivity was defined as the proportion of positive test

results among persons whose cases met the definition for Pon-

tiac fever. Specificity was defined as the proportion of negative

test results among persons whose cases did not meet the Pontiac



224 • CID 2007:44 (15 January) • Burnsed et al.

Figure 1. Illness onset for 107 patients with legionellosis and pool
maintenance timeline at an Oklahoma hotel, March 2004.

Table 1. Demographic characteristics of patients with legionnaires disease, patients
with Pontiac fever, and patients without legionellosis, Oklahoma, March 2004.

Characteristic

Patients with
Pontiac fever

(n p 101)

Patients with
legionnaires disease

(n p 6)

Patients without
legionellosis
(n p 210)

Age, median (range)a 15 (2–65) 6.5 (2–44) 36 (11 months–82 years)
Male sex 44 (43.6) 6 (100) 111 (52.9)
Race

Asian 3 (3) 0 (0) 1 (0.5)
Black 1 (1) 0 (0) 8 (3.8)
Native American 3 (3) 0 (0) 10 (4.8)
Other 1 (1) 0 (0) 5 (2.4)
White 92 (91) 6 (100) 180 (85.7)

Hispanic ethnicity 1 (1) 0 (0) 0 (0)

NOTE. Data are no. (%) of subjects, unless otherwise indicated.
a Age is in years, unless otherwise indicated.

fever case definition. The positive predictive value was calcu-

lated as the proportion of Pontiac fever cases among the total

number of positive test results. The negative predictive value

was calculated as the proportion of non–Pontiac fever cases

among the total number of negative test results.

RESULTS

Case finding. We contacted 144 (80%) of the 180 hotel reg-

istrants. Thirty-six (20%) could not be interviewed because of

insufficient or inaccurate information. Questionnaires were ad-

ministered to 317 people, including registrants ( ),n p 113

guests who had stayed with a registrant ( ), and hoteln p 197

employees ( ). A total of 107 persons’ cases met the casen p 7

definitions, including 5 persons with confirmed legionnaires

disease, 1 person with probable legionnaires disease, and 101

persons with Pontiac fever (overall attack rate, 33.7%). Patients

reported that the onset of symptoms occurred during the period

from 14 March through 23 March (figure 1); 49.5% of onsets

occurred on 19 March. Patients were residents of 8 states: 61

(57%) were from Texas, 29 (27.1%) were from Oklahoma, 10

(9.3%) were from Indiana, 2 (1.9%) were from Missouri, and

1 each was from Arkansas, Illinois, Michigan, Minnesota, and

North Dakota.

The median age of persons with Pontiac fever was lower than

that for persons without legionellosis ( ; table 1). Symp-P ! .05

toms reported among persons with Pontiac fever included fever

(90%), fatigue (90%), headache (90%), chills (87%), muscle

aches (78%), cough (65%), shortness of breath (52%), vomiting

(36%), and diarrhea (28%). Duration of illness ranged from 1

to 9 days, with a median duration of 4 days. The number of

days of normal activities lost as a result of illness ranged from

0 to 12 days, with a median duration of 7 days. Twenty-seven

patients with Pontiac fever underwent chest radiography; none

had evidence of pneumonia. Three patients with Pontiac fever

(2.9%) were hospitalized. One patient with legionnaires disease

was hospitalized, and none died.

Retrospective cohort study. Univariate analysis of hotel ex-

posures revealed several pool-related activities associated with

legionellosis (legionnaires disease and Pontiac fever). Any visit

to the indoor pool area was associated with an increased risk of

legionellosis, compared with no visit to the pool area (RR, 4.4;

95% CI, 2.8–6.9). Persons who spent time in the pool area (RR,

3.4; 95% CI, 2.5–4.6), used the swimming pool (RR, 3.2; 95%

CI, 2.4–4.4), or used the hot tub (RR, 2.8; 95% CI, 2.1–3.8) were

more likely to become ill than were those who did not.

The risk of legionellosis increased with duration of exposure

to the hotel pool area, time spent swimming, or time using the

hot tub (table 2). The median time of cumulative pool expo-

sures was 2 h, 24 min among patients with Pontiac fever and

0 h (mean duration, 28 min) among persons without legion-

ellosis ( ). Compared with patients who had Pontiac fever,P ! .05

patients with legionnaires disease spent a significantly greater
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Table 2. Univariate dose response association of hotel exposures and legionellosis, Oklahoma, March 2004.

Exposure
No. (%)

of patients

No. (%)
of subjects

without legionellosis OR x2 P

Duration of exposure to the pool/hot tub area
None 41 (38.3) 176 (84) 1.00
�2 h 27 (25.2) 28 (13) 4.14
12 h 39 (36.4) 6 (2.8) 27.90 83.05 !.01

Duration of time swimming in hotel pool
None 44 (41.1) 173 (82) 1.00
�2 h 48 (44.9) 28 (13) 5.55
12 h 15 (14) 6 (2.8) 19.66 59.01 !.01

Duration of hotel hot tub use
None 60 (56) 177 (84.3) 1.00
�1 h 42 (39.2) 29 (13.8) 4.27
11 h 5 (4.6) 4 (1.9) 3.69 26.21 !.01

Duration of pool exposures combineda

None 19 (17.8) 137 (65.2) 1.00
�2 h 21 (19.6) 60 (28.6) 2.52
12 to 4 h 39 (36.4) 10 (4.8) 28.12
14 h 28 (26.2) 3 (1.5) 67.30 114.91 !.01

Duration of exposure to computer room
None 75 (85.2) 183 (89.3) 1.00
�1 h 10 (11.4) 17 (8.3) 1.44
11 h 3 (3.4) 5 (2.4) 1.46 0.85 .35

Duration of exposure to breakfast area
None 61 (65.6) 108 (53.7) 1.00
�1 h 19 (20.4) 79 (39.3) 0.43
11 h 13 (13.1) 14 (7) 1.64 0.343 .55

Duration of exposure to fitness area
None 93 (92) 191 (93) 1.00
�1 h 5 (4.9) 12 (5.9) 0.86
11 h 3 (2.9) 2 (0.9) 3.08 0.5 .45

a Pool exposures combined includes exposure to the pool room, swimming in the hotel pool, and/or using the hotel hot tub.

amount of time in the pool area (median duration, 6 h, 17

min; ). Length of time spent in other common areas ofP ! .05

the hotel was not associated with legionellosis.

In multivariate analysis, increasing duration of exposure to

the pool area and swimming were independently associated

with increasing risk of legionellosis (table 3). Each hour spent

in the pool area increased the odds of illness by 3.9 times (95%

CI, 2.5–6.2). Each hour spent using the swimming pool in-

creased the odds of illness by 1.6 times (95% CI, 1.1–2.3).

Laboratory results. Urine specimens were collected from

89 participants (28%) (table 4). Of 56 urine specimens collected

from patients with Pontiac fever, 20 yielded a positive urinary

antigen test result (sensitivity, 35.7%), whereas all 33 urine

specimens submitted by persons without legionellosis yielded

negative urinary antigen results (specificity, 100%; ). TheP ! .01

positive predictive value of the urinary antigen assay was 100%,

and the negative predictive value was 47.8%.

Acute- and convalescent-phase serum specimens were col-

lected from 84 participants (26.5%) (table 4). Of 56 paired

serum specimens collected from patients with Pontiac fever, 26

had positive antibody titer test results (sensitivity, 46.4%),

whereas 3 of 28 collected from persons without legionellosis

yielded positive antibody titer test results (specificity, 89.3%)

( ). The positive predictive value of a positive antibodyP ! .01

titer test result was 90%, and the negative predictive value was

45.5%.

Forty-five patients with Pontiac fever provided both serum

and urine specimens; 10 (53%) of 19 cases with a positive

serologic test result also had a positive urinary antigen test

result. Eighty-four percent of persons with Pontiac fever who

had a negative serologic test result also had a negative urinary

antigen test result. Twenty-six persons without legionellosis

provided both serum and urine specimens; the urinary antigen

test result was negative for both of the persons without le-
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Table 3. Risk factors associated with legionellosis, Oklahoma,
March 2004.

Exposure Adjusted OR (95% CI) P

Age (per year) 0.98 (0.96–1.00) .06
Timea in the pool area 3.9 (2.46–6.19) !.05
Timea swimming 1.61 (1.11–2.33) !.05
Timea in the hot tub 2.19 (0.89–5.41) .08
Timea in the breakfast area 0.70 (0.33–1.48) .36

NOTE. The multivariate model included variables that were significantly
associated with illness, including age, exposure to the pool area, swimming
in the pool, using the hot tub, and exposure to the breakfast area.

a ORs are based on 1-h increments of time.

Table 4. Comparison of frequencies of Legionella pneumophila serogroup 1 urinary antigen results
and antibody titer results among patients with Pontiac fever and persons without legionellosis,
Oklahoma, March 2004

Test

No. (%) of results

Patients with Pontiac fever Persons without legionellosis

Positive Negative Total Positive Negative Total

Urinary antigen testing (n p 89)a 20 (35.7) 36 (64.3) 56 (100) 0 (0) 33 (100) 33 (100)
Antibody titer test (n p 84)b 26 (46.4) 30 (43.6) 56 (100) 3 (10.7) 25 (89.3) 28 (100)

a A comparison of urinary antigen results between the 2 groups yielded the following results: ; ;2x p 15.2 P ! .01
relative risk, 1.9 (95% CI, 1.5–2.4).

b Positive antibody titer result was defined as a �4-fold increase (�128) in Legionella serogroup–specific antibody
titer between acute- and convalescent-phase serum specimens. A comparison of antibody titer results between the 2
groups yielded the following results: ; ; relative risk, 1.6 (95% CI, 1.2–2.1).2x p 10.5 P ! .01

gionellosis who had positive serologic results and for all 24 of

those who had negative results. Participants who provided spec-

imens were significantly younger (median age, 16 years; range,

2–72 years) than those who did not provide specimens (median

age, 35 years; range, 11 months to 82 years; ); how-P p .0012

ever, this age difference was similar to the overall age distri-

bution for patients with Pontiac fever versus persons without

legionellosis.

Environmental investigation results. Disinfection of the

pool and the hot tub was achieved by the addition of bromine

tablets through an erosion feeder. According to Oklahoma reg-

ulations [33], a bromine concentration of 2–4 ppm and a pH

level of 7.2–7.8 are required. The pool and hot tub were in

heavy use during 15–20 March, because several large groups

stayed at the hotel. Water quality was not monitored on a daily

basis by hotel staff as required. On 15 March, the bromine

concentrations in the pool and hot tub were 0.5 ppm and 2.5

ppm, respectively. On 18 March, there was no measurable bro-

mine in either the pool or the hot tub, so both were hyper-

brominated then shocked with lithium hypochlorite. An in-

spection conducted by investigators on 20 March found that

bromine levels for both the pool and hot tub measured 150

ppm, which is 12.5 times higher than the maximum required

level of 4 ppm. The pH levels in the pool and hot tub were

measured at 7.1 and 5.7, respectively.

An environmental assessment of the facility revealed several

problems with the ventilation and maintenance of the pool and

hot tub area. The pool and spa filters were inappropriately

cleaned, and the system monitoring the feed rates for water

filtration and disinfection was found to be inaccurate. The ven-

tilation system was not operating to the designed level of ef-

ficiency, resulting in inadequate airflow exchange. Direct fluo-

rescent antibody testing of a biofilm swab specimen taken from

a cartridge filter from the hot tub indicated the presence of a

large number of L. pneumophila organisms. In addition, the

following specimens tested positive for L. pneumophila by PCR:

dehumidifying unit condensate, swab specimens from and a

section of the hot tub filter, a swab of biofilm on the lid of the

hot tub skimmer, and the neutralized pool water. All culture

results were negative.

DISCUSSION

On the basis of our case definition of Pontiac fever, the sen-

sitivity of the urinary antigen assay was 35.7%, and the spec-

ificity was 100%. In contrast to legionnaires disease, for which

culture and the urine antigen assay are the acceptable gold

standards, there is no gold standard for the diagnosis of Pontiac

fever. Therefore, we relied on a necessarily nonspecific case

definition, which likely led to a low estimated sensitivity of the

urine antigen test. In future outbreaks of suspected legionellosis,

the urine antigen test can be used to confirm that the outbreak

is consistent with Pontiac fever caused by Lp1, but it should

not be required to make the diagnosis in individual patients.

In the reported outbreaks of Pontiac fever, investigators con-

firmed the etiologic agent by a 4-fold increase in serologic titers

among case patients or by isolation of Legionella species from

environmental specimens. The sensitivity of serologic testing

in this investigation was 46.4%, whereas the specificity was

89.3%. Among investigations in which a 4-fold increase in an-
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tibody titers was observed, seroconversion rates ranged from

11% to 100% [2, 3, 8–13, 18–20, 23, 25]. In this study, 4-fold

increases were observed in paired serum samples obtained from

3 individuals without legionellosis. We hypothesize that these

individuals represent acute exposure to Legionella species in the

absence of clinical symptoms. Antibodies to Legionella species

were detected in healthy persons who had been exposed to the

implicated source in several previously documented outbreaks

of legionellosis [13, 14, 18, 25].

The retrospective cohort study and environmental testing

identified the hotel’s indoor pool and hot tub area as the source

of the outbreak. Because both the pool and the hot tub were

contained in the same small area, exposures to either source

were probably not entirely exclusive of each other. However,

given that legionellosis is acquired through inhalation of aer-

osols, we believe that the hot tub was the most likely source

of this outbreak. Importantly, immersion in the hot tub was

not required for illness to develop. Epidemiologic findings of

the retrospective cohort study were supported by environmen-

tal assessments that indicated a lack of daily monitoring and

maintenance of the pool and hot tub. Laboratory testing of

environmental samples confirmed the presence of L. pneumo-

phila. Inadequate maintenance of the hot tub most likely com-

promised disinfectant concentrations, and this provided an op-

portunity for Legionella growth and transmission. Compliance

with pool and hot tub maintenance regulations is necessary to

prevent legionellosis.

Previous outbreak investigations have reported limited suc-

cess in detecting Lp1 using the urine antigen assay among per-

sons with Pontiac fever [11–14, 19, 24, 26, 28, 29]. It has been

hypothesized that Pontiac fever may be caused by hypersen-

sitivity to a cellular component of nonviable Legionella species

[34]. Other theories regarding the cause of Pontiac fever and

the marked differences in epidemiology, compared with le-

gionnaires disease, include exposure to endotoxins produced

from viable or nonviable Legionella species or a protozoan host

of the bacteria [12, 29]. The peak in onset of illness occurred

the day after shock bromination of the hot tub. Many of these

cases were Legionella urine antigen test positive, suggesting that

exposure to a large quantity of nonviable organisms can pro-

duce antigenuria. However, use of the indoor pool area ex-

ceeded bather load restrictions during the week, and most cases

reported exposure to the pool area over multiple days. There-

fore, prolonged exposure to live and nonviable organisms

throughout the outbreak period may have resulted in the ability

to detect antigenuria in patients with Pontiac fever.

There were limitations to our study. We did not have clinical

and environmental Legionella isolates available for species or

serogroup comparison or molecular characterization. All en-

vironmental culture results were negative; however, conditions

for specimens were suboptimal because of the high levels of

bromine at the time of specimen collection, thus decreasing

the likelihood of obtaining a positive culture result.

Outbreaks of legionellosis are often detected by identifying

links among individual cases in a community. Because travelers

staying in hotels become ill after returning home to many dif-

ferent communities, individual cases may not be readily linked

to the common source exposure. Physicians may not suspect

the diagnosis of Pontiac fever among patients with influenza-

like illness or the diagnosis of legionnaires disease among in-

dividual cases of pneumonia. Because a single case of legion-

ellosis reflects an environmental source to which other persons

can be exposed, a travel history should be obtained from all

patients with symptoms consistent with legionellosis. Physicians

assessing patients with respiratory illness and recent travel

should consider legionellosis in the differential diagnosis. Fi-

nally, because of the importance of rapid detection of outbreaks

of travel-associated legionellosis, state health departments, the

Council of State and Territorial Epidemiologists, and the CDC

have recently collaborated to improve the detection and re-

porting of cases of travel-associated legionellosis (http://www

.cste.org).

Recognition of cases of Pontiac fever is essential for disease

prevention; even 1 case may be the sentinel event that leads to

the recognition of other cases and the contaminated point

source. Identification of the source and prompt remediation

will prevent additional cases of Pontiac fever. Because outbreaks

of Pontiac fever and legionnaires disease have been identified

together, identification of cases of Pontiac fever can lead to the

identification of cases of legionnaires disease—the clinically

more important presentation of legionellosis [35]. Although

testing of several affected individuals may be required because

of the test’s low sensitivity, our findings demonstrate that urine

antigen testing, with or without serologic testing, may assist

public health officials in confirming outbreak-associated cases

of Pontiac fever.

LEGIONELLOSIS OUTBREAK INVESTIGATION
TEAM

J. Bos, A. Lee, K. Rayno, B. Coffman, M. Grubbs, and D. Eberly

(Oklahoma State Department of Health Communicable Disease

Division, Oklahoma City); V. Minor, R. Botchlet, S. Johnson,

M. Lytle, M. McDermott, and J. Mathewson (Oklahoma State

Department of Health Public Health Laboratory, Oklahoma

City); T. Evans and T. Madewell (Oklahoma State Department

of Health Protective Health Service, Oklahoma City); S. Camp-

bell, L. Bowman, S. Myers, and J. Wagner (Oklahoma City-

County Health Department); R. Jones and P. Stone (Texas De-

partment of State Health Services HSR 7, Temple); H. Lin

(Texas Department of State Health Services HSR 6/5S, Hous-

ton); S. Ibrahim (Montgomery County Health Department,

Conroe, TX); T. Duszynski and B. Beard (Indiana State De-



228 • CID 2007:44 (15 January) • Burnsed et al.

partment of Health, Indianapolis); A. Howe (LaGrange County

Health Department, LaGrange, IN); S. Burkholder, P. Ramey,

and K. Overholt (Elkart County Health Department, Elkhart,

IN); A. Weber (CDC Environmental Health Services Branch;

Atlanta, GA); N. Azene (CDC Epidemiology Elective Student);

D. Comstock (Oklahoma State Department of Health Injury

Prevention Service, Oklahoma City); J. Mallonee (Oklahoma

State Department of Health Disease and Prevention Services,

Oklahoma City); P. Garrison (Oklahoma State Department of

Health Immunization Service, Oklahoma City); R. Powell, K.

Stevenson, and C. Orr (Tulsa City-County Health Department,

Tulsa, OK); and E. Kostiuk, L. Jordan, and L. Hawkins

(Oklahoma State Department of Health Bioterrorism Division,

Oklahoma City).

Acknowledgments

Potential conflicts of interest. All authors: no conflicts.

References

1. Fields BS, Benson RF, Besser RE. Legionella and legionnaires’ disease:
25 years of investigation. Clin Microbiol Rev 2002; 15:506–26.

2. Glick TH, Gregg MB, Berman B, Mallison G, Rhodes WW, Kassanoff
I. Pontiac fever: an epidemic of unknown etiology in a health de-
partment. I. Clinical and epidemiologic aspects. Am J Epidemiol
1978; 107:149–60.

3. Kaufmann AF, McDade JE, Patton CM, et al. Pontiac fever: isolation
of the etiologic agent (Legionella pneumophila) and demonstration of
its mode of transmission. Am J Epidemiol 1981; 114:337–47.

4. Breiman RF, Butler JC. Legionnaires’ disease: clinical, epidemiological,
and public health perspectives. Semin Respir Infect 1998; 13:84–9.

5. Fraser DW, Tsai TR, Orenstein W, et al. Legionnaires’ disease: descrip-
tion of an epidemic pneumonia. N Engl J Med 1977; 297:1189–97.

6. Marston BJ, Plouffe JF, File TM, et al. Incidence of community-ac-
quired pneumonia requiring hospitalization. Arch Intern Med 1997;
157:1709–18.

7. Katz SM , Hammel JM. The effect of drying heat and pH on the
survival of Legionella pneumophila. Ann Clin Lab Sci 1987; 17:150–6.

8. Mangione EJ, Remis RS, Tait KA, et al. An outbreak of Pontiac fever
related to whirlpool use, Michigan 1982. JAMA 1985; 253:535–9.

9. Thomas DL, Mundy LM, Tucker PC. Hot tub legionellosis: legion-
naires’ disease and Pontiac fever after a point-source exposure to Le-
gionella pneumophila. Arch Intern Med 1993; 153:2597–9.

10. Miller LA, Beebe JL, Butler JC, et al. Use of polymerase chain reaction
in an epidemiologic investigation of Pontiac fever. J Infect Dis 1993;
168:769–72.

11. Luttichau HR, Vinther C, Uldum SA, Moller J, Faber M, Jensen JS.
An outbreak of Pontiac fever among children following use of a whirl-
pool. Clin Infect Dis 1998; 26:1374–8.

12. Fields BS, Haupt T, Davis JP, Arduino MJ, Miller PH, Butler JC. Pontiac
fever due to Legionella micdadei from a whirlpool spa: possible role of
bacterial endotoxin. J Infect Dis 2001; 184:1289–92.

13. Gotz HM, Tegnell A, De Jong B, et al. A whirlpool-associated outbreak
of Pontiac fever at a hotel in northern Sweden. Epidemiol Infect
2001; 126:241–7.

14. Benin AL, Benson RF, Arnold KE, et al. An outbreak of travel-associated

Legionnaires’ disease and Pontiac fever: the need for enhanced sur-
veillance of travel-associated legionellosis in the United States. J Infect
Dis 2002; 185:237–43.

15. Den Boer JW, Yzerman EPF, Schellekens KD, et al. A large outbreak
of Legionnaires’ disease at a flower show, the Netherlands, 1999. Emerg
Infect Dis 2002; 8:37–43.

16. Benkel DH, McClure EM, Woolard D, et al. Outbreak of Legionnaires’
disease associated with a display whirlpool spa. Int J Epidemiol 2000;29:
1092–8.

17. Jernigan DB, Hofmann J, Cetron MS, et al. Outbreak of Legionnaires’
disease among cruise ship passengers exposed to a contaminated whirl-
pool spa. Lancet 1996; 347:494–9.

18. Spitalny KC, Vogt RL, Orciari LA, Witherell LE, Etkind P, Novick LF.
Pontiac fever associated with a whirlpool spa. Am J Epidemiol 1984;
120:809–17.

19. Friedman S, Spitalny KC, Barbaree JM, Faur Y, McKinney R. Pontiac
fever associated with a cooling tower. Am J Public Health 1987; 77:
568–72.

20. Girod JC, Reichman RC, Winn WC, Klauke DN, Vogt RL, Dolin R.
Pneumonic and nonpneumonic forms of legionellosis: the result of a
common-exposure to Legionella pneumophila. Arch Intern Med
1982; 142:545–7.

21. Armstrong CW, Miller GB. A 1949 outbreak of Pontiac fever-like illness
in steam condenser cleaners. Arch Environ Health 1985; 40:26–9.

22. Fraser DW, Deubner DC, Hill DL, Gilliam DK. Nonpneumonic, short-
incubation-period legionellosis (Pontiac fever) in men who cleaned a
steam turbine condenser. Science 1979; 205:690–1.

23. Herwaldt LA, Gorman GW, McGrath T, et al. A new Legionella species,
Legionella feeleii species nova, causes Pontiac fever in an automobile
plant. Ann Intern Med 1984; 100:333–8.

24. Gregersen P, Grunnet K, Uldum SA, Andersen BH, Madsen H. Pontiac
fever at a sewage treatment plant in the food industry. Scand J Work
Environ Health 1999; 25:291–5.

25. Fenstersheib MD, Miller M, Diggins C, et al. Outbreak of Pontiac fever
due to Legionella anisa. Lancet 1990; 336:35–7.

26. Jones TF, Benson RF, Brown EW, Rowland JR, Crosier SC, Schaffner
W. Epidemiologic investigation of a restaurant-associated outbreak of
Pontiac fever. Clin Infect Dis 2003; 37:1292–7.

27. Benin AL, Benson RF, Besser, RE.Trends in legionnaires’ disease,
1990–1998: declining mortality and new patterns of diagnosis. Clin
Infect Dis 2002; 35:1039–46.

28. Luck PC, Rasch R, Schmidt C, et al. A minor epidemic of Legionella
pneumophila serogroup 1. Dtsch Med Wochenschr 1992; 117:460–4.

29. Castor ML, Wagstrom EA, Danila RN, et al. An outbreak of Pontiac
fever with respiratory distress among workers performing high-pres-
sure cleaning at a sugar-beet processing plant. J Infect Dis 2005; 191:
1530–7.

30. US Department of Health and Human Services. Procedures for the
recovery of Legionella from the environment. Atlanta, GA: US De-
partment of Health and Human Services, 2005. Available at: http://
www.cdc.gov/legionella.

31. Schrag SJ, Brooks JT, Van Beneden C, et al. SARS surveillance during
emergency public health response, United States, March–July 2003.
Emerging Infect Dis 2004; 10:185–94.

32. Wilkenson HW. Hospital-laboratory diagnosis of legionella infections.
Atlanta: Centers for Disease Control and Prevention, 1988.

33. Oklahoma regulation 310 O.A.C. § 320-1-1 et. Seq. Oklahoma Ad-
ministrative Code Chapter 310:320-3-7.

34. Rowbotham TJ. Pontiac fever explained? Lancet 1980; 2:969.
35. Edelstein PH. Legionnaires’ disease. Clin Infect Dis 1993; 16:741–7.


