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Abstract	Preliminary research has suggested possible associations between natural waterways and Legionella
infection, and we previously explored these associations in eastern Wisconsin using positive L.
pneumophila serogroup 1 urine antigen tests (LUAT) as diagnostic. This case-control study was a
secondary analysis of home address data from patients who underwent LUAT at a single eastern
Wisconsin health system from 2013 to 2017. Only zip codes within the health system’s catchment
area that registered ≥3 positive cases and ≥50 completed tests, as well as geographically adjacent
zip codes with ≥2 positive cases and ≥50 tests, were included. A 1:3 ratio of cases to randomly
selected controls was used. Home addresses were geocoded and mapped using ArcGIS software
(Esri); nearest waterway and distance to home was identified. Distance to nearest waterway according
to ArcGIS was verified/corrected using Google Maps incognito. Distances were analyzed using chisquared and 2-sample t-tests. Overall, mean distance to nearest waterway did not differ between
cases (2958 ± 2049 ft) and controls (2856 ± 2018 ft; P=0.701). However, in a subset of nonurban
zip codes, cases were closer to nearest waterway than controls (1165 ± 905 ft vs 2113 ± 1710 ft;
P=0.019). No association was found between cases and type of waterway. Further research is needed
to investigate associations and differences between natural and built environmental water sources in
relation to legionellosis. (J Patient Cent Res Rev. 2022;9:128-131.)
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L

egionella pneumophila serogroup 1 is the
predominant
bacterium
responsible
for
Legionnaires’ disease, a serious respiratory
infection that presents as pneumonia.1 Acquisition of L.
pneumophila pneumonia can occur through inhalation of
aerosolized particles from various built environmental
water sources, including indoor plumbing fixtures,
outdoor cooling towers, and even street cleaners.1-10
Inhalation of aerosolized particles from various natural
water sources also may occur.1,2,6,7,11-15 In both built
and natural aqueous environments, Legionella can
parasitize protozoa, resulting in another effective mode
of transmission.15
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Several published reports have suggested that acquisition
of L. pneumophila pneumonia may be associated with
certain natural waterways. A 2018 study found that
zip codes surrounding 6 rivers in Connecticut saw
statistically significant differences in the incidence of
legionellosis.11 Zip codes within 10 km of the Quinebaug
River and the Hockanum Brook were associated with
increased legionellosis incidence (4.37 times and 1.71
times, respectively). Additionally, legionellosis risk was
significantly increased in areas within a close distance
from the Naugatuck and Farmington rivers.11 The same
study found conflicting evidence in that areas near other
rivers (Saugatuck and Shetucket) showed a negative
relationship between river proximity and legionellosis.11
There was a potential association between precipitation
and increased incidence of Legionella infection (48%
increased risk 2 weeks after precipitation).11 Precipitation
may disrupt the biofilms in which Legionella are naturally
present, thus resulting in increased aerosolization of the
infectious particles.3,11 Aerosolized particles have the
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potential to travel relatively long distances from their
source.4,5 A Norwegian study identified an isolate from
a natural river identical to those found in a patient with
L. pneumophila pneumonia.5 Case reports have suggested
hot springs as a source of Legionella infection,7 and some
associated bodies of water are linked to power plants,
creating an interface between built and natural water
sources.12 In addition, a study from Toronto has associated
Legionella case occurrence with local, temporal watershed
ecological factors, including river/creek levels.14 Thus,
processes that alter characteristics of natural waterways
may provide an environment conducive to the growing
and thriving of L. pneumophila.12
In a prior publication,16 we described the epidemiologic
features of L. pneumophila serogroup 1 infection via
Legionella urine antigen test (LUAT), which has been
shown to be diagnostic for that serogroup,17 in a single
eastern Wisconsin-based health system. Given that these
previous reports suggest a potential association between
Legionella infection and natural waterways,3-5,11,12 we
performed additional analyses on our previous LUAT
data16 in order to explore or identify associations between
L. pneumophila serogroup 1 cases and proximity to
natural waterways (lakes, rivers, streams, ponds, etc) in
eastern Wisconsin.

METHODS

Following institutional review board approval for
secondary analyses, a retrospective case-control study
using home address location data of patients who
underwent LUAT testing from 2013 through 2017 within
an integrated health system serving eastern Wisconsin
was conducted. As done previously,16 this study included
inpatients and outpatients of all ages, genders, and
ethnicities whose addresses were obtained from the
electronic health record. Only the first positive test result
was included for patients who had multiple tests with
positive test results. Similarly, for the control group, only
the first negative test result for each patient was included.
During the study time period, the health system’s
catchment area comprised a total of 412 zip codes. To
ensure adequate within-region matching, to increase the
likelihood that at least one subject from each zip code was
actually exposed to Legionella (from any type of source)
near their home, and to minimize other geographic biases
due to outliers, only zip codes in which there were 3 or more
positive cases with 50 or more completed tests, as well as
adjacent zip codes in which there were 2 or more positive
cases and 50 or more completed tests, were investigated.
For every positive case within these identified zip codes, 3
randomly selected negative LUAT controls were selected
from the same zip code (1:3 ratio).
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Addresses were geocoded and mapped using ArcGIS
Desktop 10.6 (Esri). Nearest waterway and distance
(in feet) to the home address at the time of LUAT was
identified. Nearest waterway and distance by ArcGIS
were verified/corrected by hand with use of Google Maps
(Google LLC) point-to-point distance measurement tool
on a secure browser and computer to protect sensitive
patient information. The bodies of water were classified
per the Wisconsin Department of Natural Resources18
to differentiate between lakes/ponds (including types
[seepage lake, spring lake, drained lake, drainage lake,
and impoundments]) and rivers/streams.
Minitab® statistical software (Version 13, Minitab,
LLC) was used for basic descriptive and inferential
statistics. Verified distances between the home addresses
and bodies of water were analyzed using 2-sample
t-tests (as positive and negative distance distributions
approximated normal by Kolmogorov-Smirnov test
and both curves were similar) and categorical data with
chi-squared goodness-of-fit tests or Fisher’s exact test,
as appropriate. P-values less than 0.05 were deemed
statistically significant.

RESULTS

No specific bodies of water were identified as being
overrepresented among all positive cases in eastern
Wisconsin identified as part of the previously published
(parent) study (N=135 cases across 71 zip codes; Figure
1).16 Among the 71 zip codes with at least 1 positive case
represented in Figure 1, 49 zip codes were excluded from
this secondary analysis based on inclusion criteria. Of
those 49, 20 zip codes had less than 50 subjects (range:
2–47) and only 1 positive case; the mean positivity rate for
these excluded zip codes was 5.0% (range: 2.1%–50.0%
[1 of 2 subjects]), higher than the 1.6% positivity rate
(range: 0.4%–6.3%) seen in all those zip codes with 50 or
more subjects (P<0.001). Also excluded were 29 zip codes
with 50 or more subjects but only 1 or 2 positive cases,
thereby failing to meet the latter criterion for inclusion.
The percentage of positive cases in those 29 zip codes was
1.0%, lower than the 2.1% positivity seen in the 22 zip
codes ultimately included for analysis (P<0.001).
Following exclusions, secondary case-control analysis
involved 22 total zip codes, of which 80 LUAT-positive
cases and 240 LUAT-negative controls were included.
Of these, 18 zip codes were located in urban Milwaukee
County (ie, 532xx, which had overall positivity rate of
2.1% [68 of 3307]). The other 4 zip codes in eastern
Wisconsin that met the study’s selection criteria were
located outside of Milwaukee County and are more
suburban/rural in nature; overall positivity rate for these
4 zip codes was also 2.1% (12 of 560).
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Table 1. Nearest Waterway Type
Waterway type (P=0.602)
Seepage lake, n (%)
Spring lake, n (%)
Drainage lake, n (%)
River/stream, n (%)

Cases
(N=80)

Controls
(N=240)

18 (22.5)
0 (0.0)
16 (20.0)
46 (57.5)

59 (24.6)
3 (1.3)
34 (14.2)
144 (60.0)

vs 2113 ± 1710 ft; P=0.019). In addition, cases in the
non-Milwaukee County group were disproportionately
within 1320 ft of a waterway (8 observed cases vs 3.50
expected cases; P=0.004), a significant difference not
seen in the urban/Milwaukee County zip codes group
(17 cases vs 19.55 expected cases; P=0.495).

DISCUSSION

Figure 1. Dot map of eastern Wisconsin home
address locations of individuals with positive
Legionella pneumophila serogroup 1 urine antigen
tests, as obtained for the parent study.16 Orange
dots represent positive cases included in the followup case-control study reported herein. Red dots
represent those positive not meeting criteria for
inclusion in this follow-up study.

Types of nearest waterways did not differ between LUATpositive cases and controls (Table 1). Lake Michigan was
the closest waterway for 0 of 80 cases and 4 of 240 controls.
Overall, for the positive cases, mean distance from the
home address to the nearest body of natural water was
2958 ± 2049 ft (ie, 0.56 ± 0.39 miles) and ranged between
108 and 7483 ft (ie, 0.02–1.42 miles). For negative
controls, mean distance from home address to nearest
waterway was 2856 ± 2018 ft (ie, 0.54 ± 0.38 miles) and
ranged between 61 and 8340 ft (ie, 0.012–1.58 miles).
These mean distances were not significantly different
(P=0.701). In addition, cases were no more likely than
controls to be within 1320 ft (ie, one-quarter mile) of a
waterway (31.3% vs 27.9%; P=0.621).
In contrast to the overall study cohort, among the 4
non-Milwaukee County zip codes only (n=48 total
addresses), positive cases (n=12) were significantly
closer to nearest waterway than controls (1165 ± 905 ft
130 JPCRR • Volume 9, Issue 2 • Spring 2022

This study revealed an association between home
addresses of L. pneumophila serogroup 1 pneumonia cases
and closer proximity to the nearest waterway, as compared
to controls, but only in a subset of nonurban zip codes. This
relationship was not seen in the urban zip codes within
Milwaukee County, despite identical rates of positive tests
in both subsets. Our findings add evidence to the few studies
suggesting an association of L. pneumophila pneumonia
with ambient-temperature natural waterway systems.5,11
This observation is similar to that described with two
waterway systems in relatively rural/suburban areas of
Connecticut,11 per that state’s classification parameters.19
The primary mode of Legionella infection and origin of the
bacterium may be different in urban vs suburban settings.
Acquisition of L. pneumophila pneumonia in urban settings
may be more strongly correlated with built environmental
water sources such as cooling towers.4,6 As previously
suggested,14 natural bodies of water may be more important
to acquisition of L. pneumophila pneumonia than previously
thought, particularly in nonurban settings, directly or by
influencing home water supplies.14 Because our study focused
solely on proximity to natural waterways, consideration
of public vs private sources of potable water per residence
among this cohort of cases falls beyond its scope.
Our study, which is strengthened by the utilization of street
addresses at the time of LUAT (not just zip code centroids
like in the Connecticut study),11 has several limitations.
First, while our study was of moderate size, data are from
a single health system in a limited geographical region
and include only cases of L. pneumophila serogroup 1
diagnosed by LUAT. Second, as risk factor interviews
and property site inspections were not done in the parent
study,16 we have no assurance that cases were exposed
at their respective place of residence and exposure could
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have been associated with another primary water source
(eg, recreational) within or remote from the residence (or
even nosocomial).2-10 Lastly, the study’s exclusion criteria
and differences in testing practices among health system
facilities in different locations may have contributed to
bias with respect to case identification (likely mitigated
by use of controls from the same area). The small number
of positive cases (n=12) in the non-Milwaukee County
group may have made that subset analysis particularly
sensitive to these potential biases.
Ultimately, additional studies are needed to determine if
proximity to natural waterways is consistently associated
with L. pneumophila pneumonia. Moreover, studies on the
relative importance of natural versus built environmental
water sources in the acquisition of Legionnaires’ disease
in different geographic regions is warranted.
Patient-Friendly Recap
• It has been suggested that close proximity to
a natural waterway may promote acquisition of
legionellosis, a type of pneumonia more commonly
known as Legionnaire’s disease.
• Authors studied the geography surrounding home
residences of confirmed cases of Legionella
infection throughout eastern Wisconsin.
• There was no association tying distance to natural
water and Legionella test positivity among patients
living in the state’s urban zip codes of Milwaukee
County. However, a subset of suburban/rural areas
did indicate cases lived closer to a waterway.
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