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Since 1978, the New York State Department of Health’s public health laboratory, Wadsworth Center (WC), in collaboration with epidemiology and environmental partners, has been committed to providing comprehensive public health testing
for Legionella in New York. Statewide, clinical case counts have been increasing over
time, with the highest numbers identiﬁed in 2017 and 2018 (1,022 and 1,426, respectively). Over the course of more than 40 years, the WC Legionella testing program has
continuously implemented improved testing methods. The methods utilized have transitioned from solely culture-based methods for organism recovery to development of
a suite of reference testing services, including identiﬁcation and characterization by
PCR and pulsed-ﬁeld gel electrophoresis (PFGE). In the last decade, whole-genome
sequencing (WGS) has further reﬁned the ability to link outbreak strains between clinical specimens and environmental samples. Here, we review Legionnaires’ disease outbreak investigations during this time period, including comprehensive testing of both
clinical and environmental samples. Between 1978 and 2017, 60 outbreaks involving
clinical and environmental isolates with matching PFGE patterns were detected in
49 facilities from the 157 investigations at 146 facilities. However, 97 investigations
were not solved due to the lack of clinical or environmental isolates or PFGE matches.
We found 69% of patient specimens from New York State (NYS) were outbreak associated, a much higher rate than observed in other published reports. The consistent
application of new cutting-edge technologies and environmental regulations has
resulted in successful investigations resulting in remediation efforts.
IMPORTANCE Legionella, the causative agent of Legionnaires’ disease (LD), can cause
severe respiratory illness. In 2018, there were nearly 10,000 cases of LD reported in the
United States (https://www.cdc.gov/legionella/fastfacts.html; https://wonder.cdc.gov/
nndss/static/2018/annual/2018-table2h.html), with actual incidence believed to be
much higher. About 10% of patients with LD will die, and as high as 90% of patients
diagnosed will be hospitalized. As Legionella is spread predominantly through engineered building water systems, identifying sources of outbreaks by assessing environmental sources is key to preventing further cases LD.
KEYWORDS Legionella, source attribution, outbreaks, testing, collaborative

investigation, cutting-edge technologies, outbreak-associated, remediation

L

egionella species have been recognized as signiﬁcant causes of community- and
health care-associated respiratory infections. This association was made following
the ﬁrst reported Legionnaires’ disease (LD) outbreak in 1976 (1, 2). Historically, the
weak sensitivity of detection methods, the lack of reproducibility, and the fastidious
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nature of the organism have limited the ability to detect Legionella in patient specimens and environmental sources. Detection is further complicated by the presence of
competing ﬂora from both clinical and environmental samples, and semi-selective procedures can enhance Legionella recovery (3).
Testing for Legionella in the Wadsworth Center (WC) laboratory has evolved since
microbiological media were ﬁrst documented for detection of Legionella by culture (4).
Initially, due to the unavailability of commercially available, specialized media required
for Legionella cultivation in clinical labs, the WC provided the majority of testing for
New York State (NYS) clinical specimens, utilizing an in-house media department.
Within a few years, media became commercially available, and the WC laboratory transitioned to providing reference services for identiﬁcation, conﬁrmation, serotyping,
and subtyping by pulsed-ﬁeld gel electrophoresis (PFGE) and whole-genome sequencing (WGS). Outbreak investigation with testing of environmental samples was performed at the request of local or state personnel starting in the 1980s. All isolates were
saved either by lyophilization or freezing, resulting in an archived culture collection
that includes over 3,000 isolates.
The urinary antigen test (UAT) became widely available by the year 2000 following
its development in the late 1980s and 1990s. Reviews of efﬁcacy in the early 2000s
demonstrated its usefulness and accuracy as a diagnostic test for L. pneumophila
serogroup 1 (SG1) (5). However, UATs are generally not speciﬁc for other pathogenic
Legionella species and serogroups (3, 6). Despite this new test, culture of patient specimens still remains the gold standard for diagnosis of LD (7).
In 2002, a PCR laboratory-developed test to detect Legionella species and L. pneumophila was implemented (8). The utilization of this assay in conjunction with culture,
which was needed to link patient and environmental isolates, both enhanced and
streamlined culture efforts. This assay was later improved by being converted into a
real-time PCR assay, adding targets to detect L. pneumophila SG1 and an inhibition
control. Additionally, a testing protocol, including PCR screening of all clinical specimens and environmental samples prior to culture, was adopted in 2010.
In 1990, the need for a method to subtype Legionella species and serogroups led to
the application of PFGE for patient and environmental isolates (9). Improvements to
the protocol and computerization of the database followed, allowing testing and
investigations to be tracked over time. A Centers for Disease Control and Prevention
(CDC)-supported contract for whole-genome sequencing (WGS) of Legionella was
awarded in 2015, which made WC capable of more improved molecular differentiation
among strains. Finally, in 2018, WGS supplanted PFGE for Legionella subtyping. A ﬂow
chart describing the current testing algorithm for testing clinical and environmental
samples is provided (Fig. 1).
Here, we describe the evolution and application of the testing methods at WC over
the past 40 years, including culture, direct ﬂuorescent antibody (DFA) testing, PCR,
PFGE, and WGS, as well as discuss the impact of the availability of the UAT. In addition,
we describe the importance of collaboration between public health partners along
with extensive laboratory testing to determine source attributions that impact the control of this important public health organism.
RESULTS
Legionellosis case reports in New York. Legionellosis cases are reported annually
and separately by New York City (NYC; 5 boroughs) and upstate New York. A summary
of cases from 1986 to 2018 is provided, demonstrating a substantial increase over this
time period from approximately 100 to 1,500 cases per year. Upstate New York cases
have historically made up 60 to 65% of statewide cases (Fig. 2).
Laboratory testing 1979 to 2018. From 1978 to 2018, more than 650 investigation
requests were received and supported testing for the investigation of 149 facilities.
Laboratory testing between 1979 and 2018 included more than 23,000 clinical specimens and environmental samples that were received for testing with almost 30,000 tests
performed as detailed in Table 1 by test method. Changes in testing utilization occurred
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FIG 1 Current Legionella testing algorithm for clinical specimens and environmental samples.
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over time (Fig. 3). Both sera and respiratory specimens were received in the WC laboratory until 1983. Culture of respiratory specimens ranged from 80 to 500 specimens per
year. Improvements in culture procedures incorporating additional selective media as
well as acid and heat treatments and the addition of PCR screening improved culture
positivity over time, as shown in Table 1. PCR results were generally provided ,1 day after environmental samples related to clinical cases were collected, allowing for rapid decision-making during investigations. PFGE and, more recently, WGS have been utilized
since 1991 to support investigations.
Legionella isolate archive. Between 1982 and 2018, 3,182 Legionella isolates were
archived; of these, 1,861 are L. pneumophila SG1, 910 are L. pneumophila of other serogroups,
and 411 are other Legionella species (L. anisa, L. bozemanii, L. donaldsonii, L. dumofﬁi, L.
erythra, L. feeleii, L. gormanii, L. gratiana, L. jordanis, L. longbeachae, L. maceachernii, L. micdadei, L. oakridgensis, L. rubrilucens, or L. sainthelensis).
Legionnaires’ disease outbreak investigations. As a result of laboratory testing,
environmental health assessments, and epidemiologic investigations, the testing performed between 1978 and 2017 supported 157 investigations at 146 facilities. These
included outbreaks with multiple Legionella spp. implicated, outbreaks with evidence
of persistence (an outbreak with reappearance of the same strain found in previous
outbreaks), and outbreaks with evidence of recurrence (an outbreak at a later date
caused by a different strain). Many of these investigations provided additional insight
into the complexity of Legionella source attribution, persistence, and recurrence in
facilities and strategies to improve successful Legionella investigations.
Repeat sampling of the same facilities often extended for many years. The longest WC
investigation of collected samples spanned 35 years (Table 2). A total of 60 outbreaks
resulted in successful source attributions, as shown in Table 2, with clinical and environmental isolates “matched” having identical PFGE proﬁle patterns. These outbreaks were
identiﬁed with PFGE-matching patient and environmental isolates and included 36 hospitals, 14 nursing homes, 2 private homes, 2 correctional facilities, 3 residential complexes,
1 hotel, 1 school, and 1 ﬁtness center (Table 2). These 60 outbreaks for which clinical and
environmental isolates were identical by PFGE indicate a 38% success rate of identifying a
source over time for the 157 WC investigations for which Legionella isolates were available.
The identiﬁed source for 50 of these 60 outbreaks (83%) was potable water, the source for
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FIG 2 Annual incidence of legionellosis cases recorded through communicable disease reporting by the New
York State Department of Health between 1986 and 2018.
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TABLE 1 New York State Legionella testing, 1979 to 2018

Yr
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
Total

No. specimens
2,732
1,553
2,096
986
1,865
535
227
327
298
386
517
703
553
578
747
514
511
471
297
211
97
160
137
120
248
82
445
457
434
481
235
402
606
344
185
264
932
486
473
498
23,193

FA (% positive)

240 (3.3)
227 (4)
327 (4)
298 (1)
386 (7.3)
401 (0.5)
423 (2.1)
450 (0.6)

2,752

IFAb
2,635
1,472
1,975
764
1,588
295

Serogrouping

85
104
71
118
106
94
86
60
33
79
51
53
65
60
85
25
157
155
207
230

8,729

1,924

PCR/real-time PCR

16
70
23
178
165
170
219
100
174
306
155
70
121
552
276
263
299
3,157

Culturec (% positive)
97 (2.1)
81 (4.9)
121 (0.8)
222 (8.8)
277 (5.4)
240 (3.3)
227 (4)
327 (8.9)
298 (4.4)
386 (8)
517 (16.1)
703 (20)
553 (12.8)
578 (20.4)
747 (14.2)
514 (18.3)
511 (16.8)
471 (12.7)
297 (11.1)
211 (29.4)
97 (52.6)
160 (32.5)
137 (47.4)
104 (57.7)
178 (47.8)
82 (67.1)
267 (61)
292 (59.2)
264 (58.3)
262 (49.6)
135 (51.9)
228 (67.5)
300 (38)
189 (41.3)
115 (56.5)
143 (52.4)
380 (76.8)
141 (68.1)
162 (73.5)
199 (66.6)
11,190

PFGEd

WGS

70
58
30
14
14
7
2
19
11
62
56
50
55
30
117
109
90
83
56
93
106
64
60
85
278
88
105
172
1,697

69
53
137
259

aSpecimen

data from 1979 to 1984 includes both sera and respiratory specimens received; data after 1984 include only respiratory specimens, as sera were submitted to the
serology laboratory.
bIFA testing was utilized on acute- and convalescent-phase sera beginning in 1979 and was discontinued in 1984.
cDFA testing was performed in conjunction with culture from 1979 to 1992.
dAbbreviations: DFA, direct ﬂuorescence antibody test; FA, ﬂuorescent antibody test; IFA, indirect ﬂuorescence antibody test; PFGE, pulsed-ﬁeld gel electrophoresis; WGS,
whole-genome sequencing.

8 outbreaks (13%) was a cooling tower, and 2 facilities (3%) had a potable water source and
a cooling tower source (Table 2). Most outbreaks (63.3%) were caused by L. pneumophila
SG1, while 35.0% were caused by L. pneumophila of other serogroups, and 1.7% were
caused by L. micdadei. In 32 of the 60 outbreak investigations (53%), Legionella with a different species, serogroup, or PFGE pattern was also isolated during the investigation in addition to the environmental Legionella matching the clinical isolates (data not shown).
Organisms included L. anisa, L. bozemanii, L. dumofﬁi, L. erythra, L. feelei, L. longbeachae,
L. maceachernii, L. rubrilucens, and L. pneumophila serogroups 1, 2, 3, 4, 5, 6, and 12.
Investigations from an additional 97 facilities (data not shown) were considered sporadic; they included patient and/or environmental samples associated with correctional
facilities (1 facility), hospitals (10 facilities), nursing homes (11 facilities), colleges/schools
(1 facility), motels/hotels (4 facilities), county health department investigations (6
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FIG 3 Timeline detailing testing implementation with notable dates on top and advisory and regulation implementation and availability on bottom.

facilities), restaurants (1 facility), and others (12 facilities). Laboratory testing of samples
from these facilities resulted in the isolation of patient or environmental isolates, but
PFGE analysis was of limited utility as no patient and environmental isolates from the
same facility were matched. Organisms of 21 different species or serogroups of

Legionella
LP SG1

Facility type
Hospital

Nursing homea
Private home
Hotel
Correctional facility
Miscellaneous
LP SG3
LP SG4
LP SG5

Hospital
Hospital
Nursing homea
Hospital

LP SG6

Hospital

LP SG12

Nursing homea
Correctional facility
Hospital

L. micdadei

Hospital

Implicated source
Potable water
Cooling tower
Both
Potable water
Cooling tower
Potable water
Potable water
Potable water
Potable water
Cooling tower
Potable water
Potable water
Potable water
Potable water
Cooling tower
Potable water
Cooling tower
Potable water
Potable water
Potable water
Cooling tower
Potable water

Total
aThis

No. (%)
outbreaks
14 (23.3)
1 (1.7)
2 (3.4)
9 (15.0)
3 (5.0)
2 (3.3)
1 (1.7)
1 (1.7)
4 (6.7)
1 (1.7)
3 (5.0)
3 (5.0)
1 (1.7)
2 (3.3)
1 (1.7)
5 (8.3)
1 (1.7)
1 (1.7)
1 (1.7)
2 (3.3)
1 (1.7)
1 (1.7)

Total (%)
outbreaks
17 (28.3)

12 (20.0)
9 (15)

3 (5.0)
4 (6.7)
3 (5.0)
6 (10.0)
8 (13.3)
3 (5.0)
1 (1.7)

Collection
range (yr[s])
1–35
1–3
2–7
1–4
1–10
1
2
10
1–3
1
4–22
1–10
1
8–20
7
1–25
2
1–2
11
6–18
2
13

No. matching
PFGE over time
(yr[s])
5 (7–20)
1 (3)
2 (2–7)
2 (2–4)
1 (10)

Total (%)
38 (63)

1 (3)
2 (22)

21 (35)

1 (8)
1 (11)
1 (2)

1 (6)
1 (2)
1 (11)

1 (1.7)

60 (100.0)

category includes nursing home and assisted-living facilities.
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TABLE 3 Summary of clinical isolates: outbreak-associated versus sporadic, 1978–2017
No. (%) of isolates
Legionella isolate
L. pneumophila SG1
L. pneumophila non-SG 1
Non-L. pneumophilab
Total

Outbreak-associated
352 (81.3)
63 (14.5)
18 (4.2)
433c

Sporadica cases
145 (75.1)
17 (8.9)
31 (16.0)
193

Total
497 (79.4)
80 (12.8)
49 (7.8)
626

aSporadic

Legionella were isolated from this testing and archived. In 65 (67%) investigations, a
patient isolate was not available, in 19 (20%) investigations, an environmental isolate
was not available, and in 13 (13%) investigations, the environmental and patient isolates
did not share a matching species, serogroup, or PFGE pattern. Eight (8%) investigations
had two or more isolates from patients with matching PFGE patterns, although source
attribution could not be demonstrated due to unavailability of an environmental isolate
or none with a PFGE match.
Legionella clinical specimen culture isolates. A review of all clinical specimens
with successful culture isolation between 1978 and 2017 revealed that 69.2% were
categorized as outbreak associated. These included 352 (81.3%) L. pneumophila SG1
and 81 (19%) either L. pneumophila non-SG 1 or other Legionella species. Overall, during this time period, of all Legionella isolated, 79.4% were L. pneumophila SG1 (Table 3).
Impact of UAT on Legionnaires’ disease outbreak investigations and clinical
specimen isolation. To explore the impact of the UAT on improving or impacting LD
outbreak investigations and isolation of Legionella, we divided data into periods before
and after the year 2000 (when testing became widely available). For the 60 outbreaks (at
49 facilities) with successful source attributions described in Table 2, we identiﬁed 24
outbreaks occurring before 2000 (which included 115 patient isolates) and 36 occurring
after 2000 (which included 318 patient isolates) (Table 4). The percentage of outbreaks
caused by L. pneumophila SG1 increased from 58.3% to 66.7% after 2000. Outbreaks
associated with L. pneumophila non-SG1 or other Legionella species decreased from
37.5% to 33.3% and from 4.2% to 0%, respectively. The total number of Legionella isolated by culture from clinical specimens increased from 140 before 2000 to 486 after
TABLE 4 Assessing the impact of urinary antigen testing on Legionnaires’ disease outbreaks and Legionella isolated from clinical specimens
Outbreaks
Outbreaksa from 1978 to 2017,
time periods before and after
UAT was widely utilized

Causative agent
L. pneumophila serogroup 1
L. pneumophila serogroup non-01
Other Legionella species
Total

No. outbreaks
(%) before UAT
14 (58.3)
9 (37.5)
1 (4.1)
24

No. outbreaks
(%) after UAT
24 (66.7)
12 (33.3)
0 (0)
36

Total (%)
38 (63.3)
21 (35.0)
1 (1.7)
60

All Legionella strains isolated
from clinical specimens
between 1978 and 2017, time
periods before and after UAT
was widely utilized

L. pneumophila serogroup 1
L. pneumophila non-01
Other Legionella species
Total

92 (65.7)
33 (23.6)
15 (10.7)
140

405 (83.3)
47 (9.7)
34 (7.0)
486

497 (79.4)
80 (12.8)
49 (7.8)
626

Outbreak-associateda Legionella
strains isolated from clinical
specimens between 1978 and
2017, time periods before and
after UAT was widely utilized

L. pneumophila serogroup 1
L. pneumophila non-01
Other Legionella species
Total

78 (67.8)
30 (26.1)
7 (6.1)
115

274 (86.2)
33 (10.3)
11 (3.5)
318

352 (81.3)
63 (14.5)
18 (4.2)
433

aLegionnaires’

disease outbreaks are deﬁned by clinical and environmental isolates with matching PFGE patterns.

August 2021 Volume 87 Issue 16 e00580-21

aem.asm.org 7

Downloaded from https://journals.asm.org/journal/aem on 17 October 2021 by 81.37.194.92.

cases are cases with clinical isolates that do not match other clinical or environmental isolates in the
PFGE database.
bNon-L. pneumophila isolates included L. anisa, L. bozemanii, L donaldsonii, L. dumofﬁi, L. feelei, L. gormanii, L. jordanis,
L. longbeachae, L. micdadei, and L. oakridgensis.
c69.2% of all clinical isolates were determined to be outbreak associated.
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TABLE 5 PFGE summary of Legionella pneumophila and Legionella species, 1990–2018
Legionella serogroup
or species
L. pneumophila
serogroup

Legionella species

Clinical isolates
(no. patterns)
437 (230)
4 (4)
4 (4)
9 (4)
4 (3)
13 (13)
15 (13)
3 (3)
0
1 (1)
8 (4)
0
498 (279)

Environmental isolates
(no. patterns)
615 (157)
3 (3)
16 (9)
24 (6)
15 (6)
50 (19)
97 (44)
1 (1)
1 (1)
2 (2)
27 (12)
1 (1)
852 (261)

Total isolates
(% total)
1052 (78)
7 (0.5)
20 (1.5)
33 (2.4)
19 (1.4)
63 (4.7)
112 (8.3)
4 (0.3)
1 (0.1)
3 (0.2)
35 (2.6)
1 (0.1)
1,350

L. anisa
L. anisa/L. bozemanii
L. bozemanii
L. donaldsonii
L. dumofﬁi
L. erythra
L. feelei
L. jordanis
L. gormanii
L. longbeachae
L. maceachernii
L. micdadei
L. oakridgensis
L. rubrilucens
Total

5 (5)
0
5 (5)
1 (1)
1 (1)
0
3 (2)
1 (1)
1 (1)
1 (1)
0
12 (2)
1 (1)
0
31 (20)

38 (25)
4 (2)
3 (3)
0
8 (2)
3 (3)
10 (8)
0
0
2 (2)
1 (1)
9 (1)
0
4 (2)
82 (49)

43 (38)
4 (3.5)
8 (7)
1 (1)
9 (8)
3 (3)
13 (12)
1 (1)
1 (1)
3 (3)
1 (1)
21 (19)
1 (1)
4 (7)
113

serogroup.

2000. The percentage of clinical isolates identiﬁed that were L. pneumophila SG1-positive
increased from 65.7% to 83.3% after 2000 (Table 4). The percentage of outbreak-associated clinical isolates identiﬁed that were L. pneumophila SG1-positive increased from
67.8% to 86.2% after 2000 (Table 4). Clinical isolates identiﬁed as L. pneumophila nonSG1 or other Legionella species decreased from 23.6% to 9.7% and from 10.7% to 7%,
respectively. Outbreak-associated clinical isolates identiﬁed as L. pneumophila non-SG1
or other Legionella species decreased from 26.1% to 10.3% and from 6.1% to 3.5%,
respectively.
Legionella pulsed-ﬁeld gel electrophoresis. PFGE was developed as a ﬁngerprinting tool in 1990 and was initially applied to analyze certain isolates of epidemiological
interest. Eventually PFGE was performed on all Legionella isolates in the WC laboratory,
providing a robust database of patterns. This testing provided a measure of matched
and unmatched determinations for the isolates tested. The resulting PFGE proﬁles
were interpreted based on the criteria described by the CDC, although, in our laboratory, each band difference was considered a different pattern. Matched isolates had
identical PFGE proﬁles, and unmatched isolates had at least one band difference.
The NYS PFGE database contains 1,052 L. pneumophila SG1 isolates representing
357 different PFGE patterns and 301 non-SG1 L. pneumophila with 143 different patterns (Table 5). In addition, 69 PFGE patterns were present among 113 isolates of other
Legionella species shown in Table 5, including L. anisa, L. bozemanii, L. donaldsonii,
L. dumofﬁi, L. erythra, L. feelei, L. jordanis, L. gormanii, L. longbeachae, L. maceachernii,
L. micdadei, L. oakridgensis, and L. rubrilucens.
Impactful Legionella investigations. Over the years, several individual investigations were signiﬁcant because they furthered the knowledge of LD outbreak source
attribution, exposure, persistence, and the application of techniques for investigation of
Legionella cases. Table 6 describes some of these investigations that informed Legionella
August 2021 Volume 87 Issue 16 e00580-21

aem.asm.org 8

Downloaded from https://journals.asm.org/journal/aem on 17 October 2021 by 81.37.194.92.

aSG,

Causative agenta
L. pneumophila SG1
L. pneumophila SG2
L. pneumophila SG3
L. pneumophila SG4
L. pneumophila SG4/5
L. pneumophila SG5
L. pneumophila SG6
L. pneumophila SG7
L. pneumophila SG8
L. pneumophila SG10
L. pneumophila SG12
L. pneumophila SG13
Total
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5

1

2

12

92

COPDa patients in a city
hospital

Patient with AIDS

New wing of a hospital

Transplant patients at a
large tertiary care
hospital

Small community
hospital

1998

1995–1996

1992

1992

1990

1989

Yr
1982

Downloaded from https://journals.asm.org/journal/aem on 17 October 2021 by 81.37.194.92.

6

No. of cases
7

Renal transplant unit
large hospital

Location
of cases
Small hospital

TABLE 6 Summary of impactful Legionnaires’ disease investigations

Cooling tower

Nasogastric feeding tubes (tap
water)

Potable water used to wash
nebulizer

Potable water

Source of exposure
Showers

L. pneumophila SG1
L. pneumophila SG6 in
potable water

L. micdadei

L. pneumophila SG6

L. pneumophila SG1

L. pneumophila SG3

L. pneumophila SG1,6

Legionella identiﬁed
L. pneumophila SG1

(Continued on next page)

Implications for future Legionnaires’
disease investigations
Demonstrated showers as a source of
exposure, the importance of testing
both patients and environmental
samples, the usefulness of PFGE testing,
and the persistence of Legionella in
potable water systems (36).
First to use PFGE to show that patients and
potable water isolates shared patterns
that were different from the patterns of
other L. pneumophila isolates in the
facility (33).
The PFGE patterns were compared to a
neighboring hospital and showed a
unique pattern resulting in more
understanding of the diversity within L.
pneumophila serogroup 3. This outbreak
also demonstrated the importance of
potable water as a source of nosocomial
acquisition of Legionella (37).
This case provided information of how
Legionella can persist in a patient over
many months even after treatment (38).
These cases lead to change within the
hospital to use of sterile water for
dilution. An investigation into the
plumbing of the facility led to the
identiﬁcation of inadequacies in the
plumbing (39).
This outbreak highlighted the importance
of a heightened suspicion for
legionellosis in hospitals that care for
immunosuppressed patients and the
importance of culture with both
selective and non-selective media to
detect non-L. pneumophila species (40).
This large outbreak highlighted the
importance of routine maintenance of
air conditioning systems and the impact
on the patient population (41, 42).
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chronic obstructive pulmonary disease.

138 (16 deaths)
90% hospitalization
rate

Vulnerable
neighborhood in a
metropolitan area

aCOPD,

6

No. of cases
4
2
1

Adjacent hospital and
nursing home

Location
of cases
Large hospital

TABLE 6 (Continued)

Cooling tower

Source of exposure
Cooling tower
Potable water
Cooling tower

L. pneumophila
SG1

Legionella identiﬁed
L. pneumophila SG1,6
L. pneumophila SG6,12
L. pneumophila SG5
L. pneumophila SG1,4,5,6
in cooling tower;
SG1,6 in potable
water
L. pneumophila SG1,5,6
and L. anisa
This investigation demonstrated the
efﬁcacy of copper-silver ionization under
alkaline water conditions in 2 healthcare
facilities (44).
This outbreak led to the enactment of
additional regulations to monitor and
control Legionella growth in potential
sources of exposure. WGS was proven to
be a useful tool to add discriminatory
power above that provided by PFGE to
distinguish environmental strains for
source attribution in a setting with
closely related endemic strains of
Legionella (19, 20).

Implications for future Legionnaires’
disease investigations
These investigations demonstrated the
complexity of Legionnaires’ disease
investigations, the persistence of
Legionella in the environment, and the
need for subtyping and longitudinal
testing to solve outbreaks (43).
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DISCUSSION
Over the past 40 years, improvements and experiences with laboratory testing have
impacted WC laboratory testing algorithms (Fig. 1), practices, and outcomes. We have
gained a better understanding of the complexity of Legionella in the environment,
the importance of extensive patient and environmental testing, the necessity of strain
subtyping to determine source attribution, and the persistence or regrowth of
Legionella in the environment, even after a risk has been identiﬁed and remediation
efforts have been put in place.
After a slight increase in legionellosis cases in NYS between 1989 and 1990, the
reported number of cases was essentially level for the next decade. Beginning in 2002,
an increase occurred, with approximately four times more cases reported in 2017 than
in 2003. The increase in the NYS reported cases may be in part due to the introduction
of a more robust reporting system as well as improvements in diagnostic methods,
such as UAT, and incorporation of PCR into the testing algorithm (13). The reporting
system implemented in 2002 is the Electronic Clinical Laboratory Reporting System
(ECLRS) (https://www.health.ny.gov/professionals/reportable_diseases/eclrs).
Outbreak investigations involved identiﬁcation of cases, gathering of epidemiologic
information, and patient and environmental testing. Communication between epidemiologists, environmental health scientists, and laboratorians at the local and state
levels has been critical. LD is a major concern to public health, and the high case fatality rate of health care-associated LD highlights the importance of case prevention and
response activities, including implementation of effective water management programs and timely case identiﬁcation (7, 14, 15).
The ﬁrst comprehensive written Legionella guidance was produced by the NYS
Department of Health (NYSDOH) in 1999 for distribution to hospitals, nursing homes,
and local health departments. It covered case diagnosis and reporting, but it also outlined environmental approaches to the investigation. Those elements included environmental testing, on-site investigation, and control measures. At the time, the consensus
was that health care facility water systems should be sampled when there are one or
more cases of LD. In the absence of disease, the NYSDOH followed one of two options
presented by the CDC (7), that is, to test all patients with health care facility-associated
pneumonia and to conduct testing of the hot and cold water systems only if cases were
identiﬁed. Regular environmental sampling in hematopoietic or solid organ transplant
units was recommended.
The guidance section on investigation and control also contained recommendations
for short-term treatment and remediation. These included superheating and ﬂushing
(water $65°C for 5 min) and/or hyperchlorination ($10 mg/liter of free chlorine) of the
water distribution system. Other methods were mentioned, including monochloramine
and copper-silver ionization (CSI). The 1999 guidance also contained some elements of
operations and maintenance, which included operating heating systems and cooling
towers according to manufacturer or industry standards. For potable water systems, this
included independently developed protocols for water system control (16).
Updated guidance documents for clinicians, infection control personnel, engineering
personnel, and laboratory testing standards were produced in 2005 and 2012 in the
form of a Commissioner’s Health Advisory. After 2005, an environmental assessment
form was used to evaluate facility vulnerabilities and aid in determining sampling sites
(NYSDOH [17]). An additional update to the guidance (NYSDOH [18]) accompanied the
promulgation of emergency regulations in 2015 that were made permanent in 2016
(10 NYCRR Part 4 [11]). The latter was in response to a large outbreak in New York City
(19, 20) and required establishment of a registry of cooling towers (10 NYCRR subpart
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4-1; NYSDOH [21]). Speciﬁc requirements for potable water systems in health care facilities were also included in the regulation issued in 2016 (10 NYCRR subpart 4-2 [22]).
Historically, outbreak investigations relied on culture, which can take several weeks
to identify and subtype, if successful. The outbreak responses have been impacted and
greatly expedited with the use of a real-time PCR-based assay to screen water samples
collected from cooling towers or other sources for the presence of Legionella or speciﬁcally L. pneumophila SG1. As this PCR assay contains a target for inhibition, it is a valuable
screening tool prior to culture, because a negative result indicates culture is not needed.
A limitation of its use in outbreak investigation and remediation is the detection of the
DNA of nonviable bacteria as well as the inability to discriminate between serotypes
other than L. pneumophila SG1. The Legionella real-time PCR assay used at WC has an
analytic sensitivity of ,1 CFU and a speciﬁcity of 100%; many years of evaluation have
determined substantial agreement with culture (8). PCR testing for environmental
Legionella DNA has provided a signiﬁcant impact for Legionella investigations in New
York by identifying potential sources more rapidly (19, 23).
Through the course of investigations in NYS, source attribution followed by remediation efforts was successful for 60 LD outbreaks using PFGE to match patient and environmental isolates. There were 20 instances of persistence, subsequent additional cases at a
facility, which occurred 1 to 20 years after the original outbreak with Legionella isolates
with the same PFGE pattern. In total, the 60 outbreaks included 83 clusters of cases with
matching environmental and patient isolates in the 49 involved outbreak facilities, as
many outbreaks were determined to span multiple years and collections. The complexity
of the outbreaks, the persistence or regrowth of Legionella in subsequent years, and the
isolation of other Legionella samples in the environment illustrate the difﬁculty of investigating outbreaks of legionellosis and the need for enhanced testing efforts and longitudinal testing to control outbreaks. It is important to note that testing of multiple patient
and environmental isolates related to an investigation can improve the success of source
attribution due to the heterogeneous nature of Legionella in environmental sources and
the potential for multiple subtypes to be present in infected patients.
The percentage of investigations solved or determined to be an LD outbreak is
complicated to conclude and is dependent on the deﬁnition of “solved.” If determined
by facility, there were 33.6% (49/146) of facilities with both matching environmental
and patient isolates that we can conclude are solved. Alternatively, if determined by
investigation, 38.2% (60/157) of our investigations were determined to be solved outbreaks. If determined to include recurrence of the same serogroup with different PFGE
patterns over time at a facility, we ﬁnd 41.1% (60/146) to be solved outbreaks. If persistence/regrowth (an outbreak with reappearance of the same strain found in previous outbreaks) is included separately in the calculation, we ﬁnd 56.8% (83/146) to be
solved outbreaks (data not shown).
For the additional 97 investigations not considered “solved” and for which patient
and/or environmental testing was also performed, there are a number of reasons for
the lack of success. In 67% of these investigations, a patient isolate was not available,
possibly due to no testing, early use of antibiotics, or the reliance on nonculture-based
testing for Legionella. Eight of these facilities had two or more patient isolates with
matching PFGE patterns, which suggests that there may have been a common source,
but it was not possible to conﬁrm a speciﬁc environmental source. This illustrates that
it is important to complete culture-based testing of environmental samples in order to
obtain isolates for genetic ﬁngerprinting to determine source attribution. We observed
the presence of multiple Legionella species and serogroups in 42.3% of all facility investigations (data not shown), demonstrating the complexity of determining the source
of cases, the importance of thorough testing algorithms, and the importance of directing effective control or eradication efforts.
Notably we found 69.2% of Legionella patient isolates to be outbreak associated (Table 3)
compared with 30.8% of isolates that were found to be sporadic. This percentage is much
higher than some reported rates of 4 to 11% (6, 24–26) and may be attributed to our testing
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algorithms, investigative approaches, and regulatory actions. Our long-term data indicate that
Legionella of other species and serogroups is less commonly isolated from clinical specimens.
Analyzing data from before and after the year 2000 when the UAT became commonly
utilized (Table 4), we observed an increase in the percentage of outbreaks caused by
L. pneumophila SG1 (58.3% to 66.7%) as well as an increase in the percentage of L. pneumophila SG1 isolated from clinical specimens among isolations in that time period (65.7%
to 83.3%). This increase is likely due to the reliance on the UAT as a clinical diagnostic tool.
In their 2015 review, Mercante and Winchell state that disease attributed to L. pneumophila of other serogroups and Legionella species decreased by 79% in the United States
between 1980 and 1998 (3), suggesting that L. pneumophila SG1 is overrepresented in current estimates of LD, and that, while the UAT has been a valuable tool, reliance on this
one diagnostic test may result in signiﬁcant numbers of undetected LD cases (5, 6, 25, 27).
Our data do appear to agree with this statement, but may be impacted by practices, testing, and investigations in our jurisdiction.
The increase in the percentage of L. pneumophila SG1 isolated was almost 18% higher
between the time periods and more prominent than the 2.2% increase for L. pneumophila of
other serogroups (5.3% to 7.5%) or the 3.0% increase of Legionella of other species (2.4% to
5.4%; Table 4). The percentage of outbreaks caused by L. pneumophila SG1 is lower than frequently reported, which also may be due to one or more of the following: aggressive investigation of cases, a high degree of clinical suspicion, public health follow-up on cases, and the
prioritization of environmental assessment and testing.
PFGE has been very useful in source attribution for LD outbreaks, demonstrating useful diversity of patterns. There was pattern diversity among both the patient and environmental isolates, suggesting an extensive subset of organisms responsible for disease.
This diversity illustrates the importance of strain discrimination to determine the source
of outbreaks. WGS has further reﬁned the ability to discriminate speciﬁc disease-causing
organisms from the background ﬂora in the environment. During the large NYC community LD outbreak associated with a cooling tower in 2015 that included 138 patients and
16 deaths, we found the Legionella isolates examined to be highly conserved, and WGS
proved to be a powerful and useful tool to discriminate among isolates where PFGE
could not (20). New advances in WGS and other next-generation technologies continue
to provide improvement to the detection, characterization, and relatedness of patient
specimens and sources that may one day make culture isolation obsolete.
Many of the investigations described in Table 6 highlighted the ability of Legionella
to persist in a location, sometimes even after remedial measures had been taken, and
underscored the need for longitudinal testing and archiving over years to solve some
outbreaks. Other investigations demonstrated the practicality and importance of PFGE
and, later, WGS in Legionella testing for identifying the source of an outbreak or demonstrating relatedness between clinical isolates. Some investigations aided in updating
and perfecting sanitation and maintenance efforts in facilities. Throughout the years,
more information on the diversity and persistence of Legionella has been acquired as a
result of case and outbreak investigations.
In summary, the testing and investigation methods utilized in New York State over
the past 40 years have changed and improved over time, and lessons have been learned
from investigations. Continued efforts to utilize advanced testing and to prioritize investigational approaches have led to a high level of success for both solved outbreaks and
culture isolation of clinical isolates. This highly successful program, particularly for linking
clinical and environmental isolates, has impacted Legionella investigations in our state.
The importance of environmental, epidemiological, and laboratory collaboration to
determine outbreak association and impact the control of this important public health
problem is critical to our successful efforts for legionellosis investigations in NYS.
MATERIALS AND METHODS
Specimens and culture. Clinical specimens submitted from laboratories and environmental samples
were collected from local facilities by state personnel as part of investigations of suspected, probable, or conﬁrmed legionellosis cases. As indicated in Fig. 1, clinical respiratory specimens and environmental samples
August 2021 Volume 87 Issue 16 e00580-21

aem.asm.org

13

Downloaded from https://journals.asm.org/journal/aem on 17 October 2021 by 81.37.194.92.

40 Years of NYS Investigation of Legionnaires’ Disease

Applied and Environmental Microbiology

were plated on buffered charcoal yeast extract (BCYE) agar, BCYE agar with added anisomycin, polymyxin B
and vancomycin (prior to 2012, BCYE agar with added anisomycin, polymyxin B, and cefamandole was
used), and blood agar plates (28). Environmental water samples were concentrated 30-fold by centrifugation,
and 50-m l aliquots were plated onto the culture medium and incubated at 37°C. Typical Legionella colonies
were subcultured to BCYE with and without L-cysteine. Biochemical tests, including autoﬂuorescence, catalase, oxidase, urease, gelatinase, and browning on Feeley Gorman agar (29, 30), were performed. A step of
acid washing with 0.2 mol/liter HCl-KCl, pH 2.2, for 3 min (12, 31) or heat treatment at 50°C for 10 min (32)
and an additional plating on BCYE medium with glycine, vancomycin, polymyxin B, and dyes were used for
more difﬁcult samples in which bacterial overgrowth was found.
Direct and indirect ﬂuorescence antibody testing. Indirect ﬂuorescence antibody (IFA) testing was
applied to acute- and convalescent-phase sera beginning in 1979 (1) but was unable to detect cases in a
timely and sensitive manner and was discontinued entirely in 1999. Between 1979 and 1984, the titer for
L. pneumophila was detected by a combination of two tests: sera were screened using a ﬂuorometer and
the titer was determined using a conventional IFA test, which eventually transitioned to only providing
the titration of sera. Direct ﬂuorescence antibody (DFA) testing was applied to clinical specimens and
environmental samples beginning in 1979, but, as weaknesses in speciﬁcity and sensitivity became
more apparent, the test was no longer used as a routine assay on raw specimens in 1992. Culture isolates were identiﬁed to the serogroup or species level by DFA tests until 2017 (M-tech, Atlanta, GA).
Typical Legionella colonies that were subcultured to BCYE with and without L-cysteine were identiﬁed to
the serogroup or species level by DFA tests (M-tech, Atlanta, GA).
PCR detection of Legionella in isolates, clinical specimens, and environmental samples. Nucleic
acid extraction was performed with the Epicentre Technologies MasterPure complete DNA puriﬁcation
kit (Madison, WI) according to the manufacturer’s instructions. Each extraction incorporated negative
and positive extraction controls. PCR and, later, real-time PCR assays were developed and validated for
use over time both for initial testing of specimens and samples to rapidly screen samples for prioritizing
culture efforts and to conﬁrm bacterial isolates following culture. The most recent assay for clinical specimens
detects and differentiates Legionella spp. L. pneumophila and L. pneumophila SG1 and uses an internal control
to assess for inhibitory substances in the sample. The wzm gene, which speciﬁcally detects L. pneumophila
SG1, the mip gene, which detects L. pneumophila serogroups 1 to 15, and the 23S rRNA gene, which detects all
Legionella spp. and serogroups (8, 10), were used. The real-time PCR assay to conﬁrm bacterial isolates also
detects L. anisa and L. micdadei and does not include an inhibition control.
Matrix-assisted laser desorption/ionization time-of-ﬂight mass spectrometry. After cultivation,
isolates were tested to conﬁrm species-level identiﬁcation by matrix-assisted laser desorption/ionization
time-of-ﬂight mass spectrometry (MALDI-TOF MS) according to the manufacturer’s instructions and as
described by others (9).
Pulsed-ﬁeld gel electrophoresis. DNA was prepared from Legionella isolates harvested from BCYE
plates after 24 to 48 h and digested with 50 U of SﬁI (Roche, NEB). Subsequent modiﬁcations were made
after the original publication (33) so that the procedure was shorter and was similar to the standard
PulseNet protocol for DNA preparation (34). PFGE conditions consisted of 6 V/cm with an initial switch
time of 7 s and a ﬁnal switch time of 70 s. PFGE patterns were analyzed using BioNumerics (Applied
Maths, Austin, TX). The resulting PFGE proﬁles were interpreted based on the criteria described by
Tenover et al. (35), although, in our laboratory, each band difference was considered a different pattern.
Whole-genome sequencing and bioinformatic analysis. Nucleic acid extraction for both clinical
and environmental isolates was performed using a modiﬁed EpiCentre DNA extraction procedure. DNA
sequencing was carried out using the Illumina MiSeq platform (Illumina, San Diego, CA, USA) as described previously (17, 18, 45).
Raw reads were mapped to a reference strain, and single-nucleotide polymorphisms (SNPs) were
called by using Samtools/BCFtools; a minimum of Q20 for mapping quality and base-call quality, 10
minimum depth, and 95% of allele read agreements were used. SNP alignments were built, and pairwise
number of polymorphic site differences were counted and used to determine the likelihood that two or
more samples were related. In general, SNP differences can vary between investigations, but less than
20 SNP differences between isolates are considered related.
Epidemiological investigation. In the early years following the 1976 outbreak, a conﬁrmed case of
LD was deﬁned as a patient who had radiographic evidence of pneumonia in addition to either isolation
of L. pneumophila from respiratory secretions or a greater than or equal to 4-fold rise of serum antibodies to L. pneumophila, as measured by indirect immunoﬂuorescence. The case deﬁnition was later modiﬁed to include DNA detected by PCR and urine antigen test (UAT) when those tests became available.
When guidance documents became available from the CDC or the Council for State and Territorial
Epidemiologists (CSTE), the case deﬁnitions were amended to reﬂect current practice. In order to be classiﬁed as a nosocomial case, a patient had to have been hospitalized for at least 48 h before the onset of
respiratory symptoms or readmitted to the hospital within 10 days of a previous discharge. For outbreak
investigations, epidemiologic information was gathered, environmental samples were tested, and subtyping was performed to aid in identifying the source of exposure for cases.
The CDC deﬁnes a Legionnaires’ disease outbreak as “two or more cases associated with the same
possible source during a 12-month period” (https://www.cdc.gov/legionella/outbreaks.html). For this
analysis, we have included cases with the same PFGE pattern as part of the same outbreak even if they
occurred more than 1 year later after the original outbreak. If a different species, serogroup, or PFGE
type was responsible for subsequent cases, it was counted as a different outbreak.
Environmental health investigation and water sampling. The New York State Department of
Health (NYSDOH) program for response to legionellosis has been in place since the disease became
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reportable in 1985. During an investigation, the sample locations are selected and, if available, compared with any historic data, including history of positive culture. Analyses have included Legionella culture, Cu, Ag, pH, conductivity, temperature, and chlorine residual. Culture monitoring, to determine the
effectiveness of any remediation, has relied on determining the number of Legionella-positive sites (percent positivity) to follow the persistence or control of the Legionella population. All hot water samples
were ﬁrst draw samples. Samples of 100 ml were aseptically collected after faucet aerators were removed.
Sample bottles contained thiosulfate to inactivate free chlorine and other oxidants. Samples were capped and
stored on synthetic ice bricks (0°C to 4°C) in coolers and then transported to the laboratory.
Data availability. Newly determined assembled genome sequences were deposited at NCBI with
the BioProject ID PRJNA725843.

REFERENCES
1. McDade JE, Shepard CC, Fraser DW, Tsai TR, Redus MA, Dowdle WR. 1977.
Legionnaires’ disease: isolation of a bacterium and demonstration of its
role in other respiratory disease. N Engl J Med 297:1197–1203. https://doi
.org/10.1056/NEJM197712012972202.
2. Fraser DW, Tsai TR, Orenstein W, Parkin WE, Beecham HJ, Sharrar RG, Harris
J, Mallison GF, Martin SM, McDade JE, Shepard CC, Brachman PS. 1977.
Legionnaires’ disease: description of an epidemic of pneumonia. N Engl J
Med 297:1189–1197. https://doi.org/10.1056/NEJM197712012972201.
3. Mercante JW, Winchell JM. 2015. Current and emerging Legionella diagnostics for laboratory and outbreak investigations. Clin Microbiol Rev
28:95–133. https://doi.org/10.1128/CMR.00029-14.
4. Edelstein PH. 1982. Comparative study of selective media for isolation of
Legionella pneumophila from potable water. J Clin Microbiol 16:697–699.
https://doi.org/10.1128/jcm.16.4.697-699.1982.
5. Kashuba AD, Ballow CH. 1996. Legionella urinary antigen testing: potential impact on diagnosis and antibiotic therapy. Diagn Microbiol Infect Dis
24:129–139. https://doi.org/10.1016/0732-8893(96)00010-7.
6. Benin AL, Benson RF, Besser RE. 2002. Trends in Legionnaires disease,
1980–1998: declining mortality and new patterns of diagnosis. Clin Infect
Dis 35:1039–1046. https://doi.org/10.1086/342903.
7. Centers for Disease Control and Prevention. 1997. Guidelines for prevention of nosocomial pneumonia. MMWR (No RR-1) 46:1–79.
8. Nazarian EJ, Bopp DJ, Saylors A, Limberger RJ, Musser KA. 2008. Design
and implementation of a protocol for the detection of Legionella in clinical and environmental samples. Diagn Microbiol Infect Dis 62:125–132.
https://doi.org/10.1016/j.diagmicrobio.2008.05.004.
August 2021 Volume 87 Issue 16 e00580-21

9. Moliner C, Ginevra C, Jarraud S, Flaudrops C, Bedotto M, Couderc C, Etienne J,
Fournier PE. 2010. Rapid identiﬁcation of Legionella species by mass spectrometry. J Med Microbiol 59:273–284. https://doi.org/10.1099/jmm.0.014100-0.
10. Mérault N, Rusniok C, Jarraud S, Gomez-Valero L, Cazalet C, Marin M, DELPH-I
Study Group, Lawrence C, Buchrieser C. 2011. Speciﬁc real-time PCR for simultaneous detection and identiﬁcation of Legionella pneumophila SG1 in
water and clinical samples. Appl Environ Microbiol 77:1708–1717. https://doi
.org/10.1128/AEM.02261-10.
11. New York State. 6 July 2016. Title 10 New York codes, rules and regulations
(10 NYCRR) part 4, protection against Legionella. https://regs.health.ny.gov/
content/part-4-protection-against-legionella. Accessed 19 January 2021.
12. Buesching WJ, Brust RA, Ayers LW. 1983. Enhanced primary isolation of
Legionella pneumophila from clinical specimens by low-pH treatment. J
Clin Microbiol 17:1153–1155. https://doi.org/10.1128/jcm.17.6.1153-1155
.1983.
13. Avni T, Bieber A, Green H, Steinmetz T, Leibovici L, Paul M. 2016. Diagnostic
accuracy of PCR alone and compared to urinary antigen testing for detection of Legionella spp.: a systematic review. J Clin Microbiol 54:401–411.
https://doi.org/10.1128/JCM.02675-15.
14. Centers for Disease Control and Prevention. 30 April 2018. What owners
and managers of buildings and healthcare facilities need to know about
Legionella water management programs. https://www.cdc.gov/legionella/
wmp/overview/wmp-fact-sheet.html. Accessed 27 January 2021.
15. American Society of Heating, Refrigerating and Air-Conditioning Engineers-Standard 188. 2018. Legionellosis: risk management for building
water Systems (ANSI Approved). ASHRAE, Peachtree Corners, GA.
aem.asm.org

15

Downloaded from https://journals.asm.org/journal/aem on 17 October 2021 by 81.37.194.92.

ACKNOWLEDGMENTS
This work was supported in part by the Epidemiology and Laboratory Capacity for
Infectious Diseases (ELC) through the Funding Opportunity Announcement CK14140104PPHF17. We acknowledge the assistance of Wadsworth Center Applied Genomic
Technologies and Bioinformatics and Statistics Cores. We acknowledge the following
people for their contributions to the outbreak investigation and response and laboratory
testing: Gus Birkhead, Magdia DeJesus, Lauren Dentinger, Jo Ann Dopp, Christina Egan,
Colleen Flood, Wolfgang Haas, Erin Ingles, Stan Kondracki Anna Kidney, Brian Kilpatrick,
Sarah Kogut, Erica Lasek-Nesselquist, William Lainhart, Ursula L. Lauper, Melissa Leisner,
William McDaniels, Alok Mehta, Kara Mitchell, Lisa Mingle, Geetha Nattanmai, Teresa
Passaretti, Michael Perry, Joseph Schwendemen, Matthew Shudt, Lou Smith, Nancy Spina,
John Strepelis, Kenneth Swensen, Jill Taylor, Patrick Van Roey, Colleen Walsh, Meghan
Wells, Danielle Wroblewski, Zhen Zheng, and Yan Zhu (Wadsworth Center, New York
State Department of Health); Scott Hughes, John Kornblum, Laura Kornstein, Ying Lin,
Jennifer Rakeman, Anthony Tran (New York City Department of Health and Mental
Hygiene Public Health Laboratory); Sharon Balter, Isaac Benowitz, Robert Fitzhenry,
Marcelle Layton, and Don Weiss (New York City Department of Health and Mental
Hygiene, New York, NY, USA). We thank CDC colleagues for collaboration and guidance:
Jonas Winchell, Brian Raphael, Jeffrey Mercante, Shatavia S. Morrison, Natalia A. KozakMuiznieks, and Claressa E. Lucas. We thank William Wolfgang for a critical review of the
manuscript. Finally, we acknowledge the hospital staff and infection control personnel
who assisted with case identiﬁcation and collection of patient specimens as well as
environmental health ﬁeld staff and local health department staff for sample collection
and transportation.

16. Freije RM. 1996. Legionella control in health care facilities: a guide for
minimizing risk. HC Information Resources, Inc., Indianapolis, IN.
17. New York State Department of Health. 2016. Environmental assessment
form 5222. https://www.health.ny.gov/forms/doh-5222.pdf. Accessed 21
January 2021.
18. New York State Department of Health. 2019. Environmental health information related to legionellosis in healthcare facilities. https://health.ny
.gov/environmental/water/drinking/legionella/docs/eh_info_healthcare
_facilities.pdf. Accessed 21 January 2021.
19. Weiss D, Boyd C, Rakeman JL, Greene SK, Fitzhenry R, McProud T, Musser
K, Huang L, Kornblum J, Nazarian EJ, Fine AD, Braunstein SL, Kass D,
Landman K, Lapierre P, Hughes S, Tran A, Taylor J, Baker D, Jones L,
Kornstein L, Liu B, Perez R, Lucero DE, Peterson E, Benowitz I, Lee KF, Ngai
S, Stripling M, Varma JK, South Bronx Legionnaires' Disease Investigation
Team. 2017. A large community outbreak of Legionnaires’ disease associated with a cooling tower in New York City, 2015. Public Health Rep
132:241–250. https://doi.org/10.1177/0033354916689620.
20. Lapierre P, Nazarian E, Zhu Y, Wroblewski D, Saylors A, Passaretti T,
Hughes S, Tran A, Lin Y, Kornblum J, Morrison SS, Mercante JW, Fitzhenry
R, Weiss D, Raphael BH, Varma JK, Zucker HA, Rakeman JL, Musser KA.
2017. Legionnaires’ disease outbreak caused by endemic strain of Legionella pneumophila, New York, New York, USA, 2015. Emerg Infect Dis
23:1784–1791. https://doi.org/10.3201/eid2311.170308.
21. New York State. October 2018. Title 10 New York codes, rules and regulations
(10 NYCRR) subpart 4–1, protection against Legionella: cooling tower requirements. https://health.ny.gov/environmental/water/drinking/legionella/cooling
_towers.htm. Accessed 19 January 2021.
22. New York State. May 2020. Title 10 New York codes, rules and regulations
(10 NYCRR) subpart 4–2, protection against Legionella: residential and
health care facility requirements. https://health.ny.gov/environmental/
water/drinking/legionella/hospitals_health_care.htm. Accessed 29 January.
23. Benowitz I, Fitzhenry R, Boyd C, Dickinson M, Levy M, Lin Y, Nazarian E,
Ostrowsky B, Passaretti T, Rakeman J, Saylors A, Shamoonian E, Smith TA,
Balter S. 2018. Rapid identiﬁcation of a cooling tower-associated Legionnaires’
disease outbreak supported by polymerase chain reaction testing of environmental samples, New York City, 2014–2015. J Environ Health 80:8–12.
24. Hicks L, Garrison L, Nelson GE, Hampton LM. 2011. Legionellosis – United
States, 2000–2009. MMWR Morb Mortal Wkly Rep 60:1083–1086.
25. Fields BS, Benson RF, Besser RE. 2002. Legionella and Legionnaires’ disease: 25 years of investigation. Clin Microbiol Rev 15:506–526. https://doi
.org/10.1128/CMR.15.3.506-526.2002.
26. Marston BJ, Plouffe JF, File TM, Hackman BA, Salstrom SJ, Lipman HB,
Kolczak MS, Breiman RF. 1997. Incidence of community-acquired pneumonia requiring hospitalization—results of a population-based active
surveillance study in Ohio. Arch Intern Med 157:1709–1718. https://doi
.org/10.1001/archinte.1997.00440360129015.
27. St-Martin G, Uldum S, Molbak K. 2013. Incidence and prognostic factors
for Legionnaires’ disease in Denmark 1993–2006. Int Sch Res Notices
2013:847283. https://doi.org/10.5402/2013/847283.
28. Edelstein PH. 1981. Improved semiselective medium for isolation of Legionella
pneumophila from contaminated clinical and environmental specimens. J Clin
Microbiol 14:298–303. https://doi.org/10.1128/jcm.14.3.298-303.1981.
29. Feeley JC, Gorman GW, Weaver RE, Mackel DC, Smith HW. 1978. Primary
isolation medium for Legionnaires disease bacterium. J Clin Microbiol
8:320–325. https://doi.org/10.1128/jcm.8.3.320-325.1978.
30. Harrison TG, Taylor AG (ed). 1988. A laboratory manual for Legionella, 1st
ed. John Wiley & Sons, New York, NY.
31. Bopp CA, Summer JW, Morris GK, Wells JG. 1981. Isolation of Legionella
spp. from environmental water samples by low-pH treatment and use of
a selective medium. J Clin Microbiol 13:714–719. https://doi.org/10.1128/
jcm.13.4.714-719.1981.

August 2021 Volume 87 Issue 16 e00580-21

Applied and Environmental Microbiology

32. Edelstein PH, Snitzer JA, Brudge JA. 1982. Enhancement of recovery of
Legionella pneumohila from contaminated respiratory tract specimens by
heat. J Clin Microbiol 16:1061–1965. https://doi.org/10.1128/jcm.16.6.1061
-1065.1982.
33. Schoonmaker D, Heimberger T, Birkhead G. 1992. Comparison of ribotyping and restriction enzyme analysis using pulsed-ﬁeld gel electrophoresis
for distinguishing Legionella pneumophila isolates obtained during a
nosocomial outbreak. J Clin Microbiol 30:1491–1498. https://doi.org/10
.1128/jcm.30.6.1491-1498.1992.
34. Ribot EM, Fair MA, Gautom R, Cameron DN, Hunter SB, Swaminathan B,
Barrett TJ. 2006. Standardization of pulsed-ﬁeld gel electrophoresis protocols for the subtyping of Escherichia coli O157:H7, Salmonella, and Shigella
for PulseNet. Foodborne Pathog Dis 3:59–67. https://doi.org/10.1089/fpd
.2006.3.59.
35. Tenover FC, Arbeit R, Goering RV, Mickelsen PA, Murray BE, Persing DH,
Swaminathan B. 1995. Interpreting chromosomal DNA restriction patterns produced by pulsed-ﬁeld gel electrophoresis: criteria for bacterial
strain typing. J Clin Microbiol 33:2233–2239. https://doi.org/10.1128/jcm
.33.9.2233-2239.1995.
36. Hanrahan JP, Morse DL, Scharf VB, Debbie JG, Schmid GP, McKinney RM,
Shayegani M. 1987. A community hospital outbreak of legionellosis:
transmission by potable hot water. Am J Epidemiol 125:639–649. https://
doi.org/10.1093/oxfordjournals.aje.a114577.
37. Selleck JA, Schoonmaker D. 1994. Genomic DNA analysis of Legionella
pneumophila serogroup 3 (Lp3) strains associated with nosocomial pneumonia (NP) using pulsed-ﬁeld gel electrophoresis (PFGE), abstr 160 (Abstr
1994 IDSA Meet). Clin Infect Dis 19:590
38. Morley JN, Smith LC, Baltch AL, Smith RP. 1994. Recurrent infection due to
Legionella pneumophila in a patient with AIDS. Clin Infect Dis 19:1130–1132.
https://doi.org/10.1093/clinids/19.6.1130.
39. Venezia RA, Agresta MD, Hanley EM, Urquhart K, Schoonmaker D. 1994.
Nosocomial legionellosis associated with aspiration of nasogastric feedings diluted in tap water. Infect Control Hosp Epidemiol 15:529–533.
https://doi.org/10.2307/30148403.
40. Knirsch CA, Jakob K, Schoonmaker D, Kiehlbauch JA, Wong SJ, Della-Latta P,
Whittier S, Layton M, Scully B. 2000. An outbreak of Legionella micdadei pneumonia in transplant patients: evaluation, molecular epidemiology, and control. Am J Med 108:290–295. https://doi.org/10.1016/S0002-9343(99)00459-3.
41. Ackelsberg J, Lohff C, Kondracki S, Hennessey M, Wong S, Schoonmaker-Bopp
D, Zaki S, Fields B, Torok T, Wallace B. 1999. Large simultaneous outbreaks of
Legionnaires’ disease and Pontiac fever: need for cooling tower evaluations,
abstr 573 (Abstr IDSA 37th Ann Meet). Clin Infect Dis 29:1062.
42. Schoonmaker DJ, Kondracki S, Wong SJ, Tran CA, Lohff C. 1999. Simultaneous cases of pneumonia and Pontiac fever caused by Legionella pneumophila SG1 associated with a cooling tower at a small community hospital.
Abstr 99th Gen Meet Am Soc Microbiol, 30 May to 3 June 1999, Chicago, IL.
43. Wells M, Lasek-Nesselquist E, Schoonmaker-Bopp D, Baker D, Thompson
L, Wroblewski D, Nazarian E, Lapierre P, Musser KA. 2018. Insights into the
long-term persistence of Legionella in facilities from whole-genome
sequencing. Infect Genet Evol 65:200–209. https://doi.org/10.1016/j.meegid
.2018.07.040.
44. Dziewulski DM, Ingles E, Codru N, Strepelis J, Schoonmaker-Bopp D. 2015.
Use of copper-silver ionization for the control of legionellae in alkaline
environments at health care facilities. Am J Infect Control 43:971–976.
https://doi.org/10.1016/j.ajic.2015.05.018.
45. Raphael BH, Baker DJ, Nazarian E, Lapierre P, Bopp D, Kozak-Muiznieks
NA, Morrison SS, Lucas CE, Mercante JW, Musser KA, Winchell JM. 2016.
Genomic resolution of outbreak-associated Legionella pneumophila SG1
isolates from New York State. Appl Environ Microbiol 82:3582–3590.
https://doi.org/10.1128/AEM.00362-16.

aem.asm.org

16

Downloaded from https://journals.asm.org/journal/aem on 17 October 2021 by 81.37.194.92.

Schoonmaker-Bopp et al.

