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Legionella spp. Monitoring in the New York City
Drinking Water Distribution System (LMINDS)

* Joint study between the NYC Department of Environmental
Protection and Department of Health and Mental Hygiene.

e Four primary study questions:

O What is the prevalence and geographic distribution of Legionella in
NYC’s water distribution system?

O What Legionella species inhabit the NYC distribution system, and how
do they relate to species described in clinical and environmental
studies?

O How do environmental factors such as physiochemical water
parameters, water age, disinfectant levels etc., and utility management
practices correlate with the presence of Legionella?

O Can utility management practices that reduce Legionella levels be
identified?




What is Legionella?

Gram negative bacterium that is part
of the Gammaproteobacteria.

Naturally occurring and often found in
aquatic systems: rivers, streams,
cooling towers, hot and cold domestic
water systems etc.

Grows optimally at around 35°C.

Causative agent of legionellosis.




Legionellosis is two distinct syndromes

e Legionnaires’ disease, which is a serious type of pneumonia.

O ~6,000 reported cases per year in the USA and NYC has about 200 - 440
cases per year.

O 9% mortality rate.

O Risk factors include smoking, chronic lung disease, age, and a
compromised immune system.

* Pontiac fever, a milder respiratory disease that is usually self
limiting.
e Transmission of Legionnaires’ disease and Pontiac fever

occur through inhalation of water droplets containing
Legionella.




Legionnaires’ disease cases have increased 5.5 X in
the US since 2000

Reported Cases per 100,000 Population
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Legionella pneumophila SG 1 causes most of the
reported cases in the USA and Europe

» At least 50 described species of Legionella, and many, but
not all have been associated with disease.

O L. pneumophila serogroups 1-16, micdadei, longbeachae, dumoffii,
gormanii, feeleii, bozemanae, jordanis, oakridgensis, sainthelensi,
wadsworthii, hackeliae, anisa, maceachernii, birminghamensis,
rubrilucens, tucsonensis, erythra, cincinnatiensis, parisiensis...,

e Legionella pneumophila serogroup 1 is responsible for 72 —

92% of laboratory diagnosed cases in the USA and Europe.

* Likely some bias, as the mostly widely used test, UAT, only
detects Legionella pneumophila.




Several diagnostic tests for determining a

Legionella infection

Lung tissue/biopsy
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Serum/Blood
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Lower respiratory tract secretions
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+ Sputum

+ Pleural fluid

« Bronchial Alveolar Lavage (BAL)
« Bronchial aspirates

~
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Culture ELISA/EIA
Direct fluorescent Nucleic acid
antibody test amplification test
(DFA) [NAAT)
L1 Bt 11 \/
aTe8”
Indirect fluorescent Immuna-
antibody test chromatographic
{IFA) test (ICT)




Water is often an implicated source of
Legionnaire’s disease cases

* Most cases of Legionnaires’ disease are sporadic.

* However, outbreaks are often associated with poorly
maintained distribution systems in buildings and hospitals;
cooling towers; spas and even misters.
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* Municipal distribution systems are generally not the source
of Legionnaires disease outbreaks.




Legionella in municipal water distribution systems
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Legionella spp. Monitoring in the New York City
Drinking Water Distribution System (LMINDS)

* Prior to this study, there was no comprehensive
examination of Legionella in NYC's distribution system.

e Study questions:

O What is the prevalence and geographic distribution of Legionella in
NYC’s water distribution system?

O What Legionella species inhabit NYC’s distribution system, and how do
they relate to species described in clinical and environmental studies?

O How do environmental factors such as physiochemical water
parameters, water age, disinfectant levels etc. and utility management
practices correlate with the presence of Legionella?

O Can utility management practices that reduce Legionella levels be
identified?




NYC drinking water is sourced from two
watersheds

Mainly a surface water supply.

Catskill/Delaware and Croton
watersheds.

19 reservoirs and 3 controlled
lakes.

Serves 9.6 million people.

Delivers approx. 1.1 billion gallons
per day.

System Capacity: 570 billion
gallons.

Operated and maintained by
NYCDEP.

Catskill/Delaware o & &
Watersheds,\/f ‘\.f,',‘_":_" 7

New York City's
Water Supply System

0 Catskill / Delaware Watershed Area
[ Croton Watershed Area
I Rivers and Reservoirs
Catskill Aqueduct and Tunnels
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== = Delaware Aqueduct and Tunnels
County Borders
State Borders
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Drinking water is fed through tunnels

Water is supplied by 4 water
tunnels.

Water from Cat\Del is UV treated
and chlorinated.

Water from Croton is filtered, UV
treated and chlorinated.

Monitored daily through 962
sampling stations installed
throughout the distribution
system.

In 2018 DEP:

O Collected 37,500 samples
O Performed 414,000 analyses
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Protection
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Water was collected from 19 stations 7 biofilm
locations

» 19 different water sampling sites. NYE -

O Raw water from both water sources.

O Pre-finished water from both water
sources.

O Distribution (treated) water from both
water sources.

o 7 different biofilm sampling sites.
e Monthly: Nov. 2017 to Oct. 2018.

e Monitored physicochemical and

microbiological parameters.
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Sample analysis shared between DEP and DOHMH

Legionella: IDEXX

. Legiolert l Confirmation
pH, res. Chl.,

E. coli etc.

Metals
Sample

collection
Nutrients

Legionella: Isolate
ISO 11731 confirmation

PCR




Legionella detection using culture

Sample culture:

Sample filtration: Legionella detection and
Legionella concentration isolation

MALDI - TOF: lllumina sequencing: SNP analysis:
Isolate confirmation Isolate genome Phylogenetic analysis
i sequencing

* Live organism recovered and identified.




Legionella detection in water samples using
culture

Sample culture:

Sample filtration: Legionella detection and
Legionella concentration isolation

MALDI - TOF: lllumina sequencing: SNP analysis:
Isolate confirmation Isolate genome Phylogenetic analysis
F sequencing

Legiolert:
Legionella detection and isolation

* Live organism recovered and identified.




Legionella detection in water samples using PCR

Sample filtration: PCR:
Legionella concentration Legionella detection

* DNA from Legionella present.




t in 88% (202/230) of
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PCR: Legionella DNA is present in 4/7 biofilm
samples
Apr-18 X X X X X
Myis x| x @ @ x | X | X
Jun-18 X X X X X X X
Jul-18 X X X X . X
Aug-18 X X X ( X .
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Culture: Legionella detected in 2.5% (6/230) water
samples
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Culture: Legionella detected in 2.5% (6/230) water
samples
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Recovered L. bozemanii and L. pneumophila
isolates

e Both L. bozemanii and L. pneumophila have been associated
with disease.

* Recovered isolates were sequenced and compared to
isolates implicated in disease or part of environmental
Investigations.

* None of isolates matched previously recovered isolates.




Recovered L. pneumophila isolates do not match
those associated with disease in NYC
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Recovered L. pneumophila isolates do not match
those associated with disease in NYC
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All samples passed (EPA and NYS) water quality
requirements

(°F) (NTU) 0omt) | 100mn) | (CFU/mL) | (me/L)

Min 38.7 7.08 0.41

RaW Max 69.0 8.31 1.17 >200.5 144.5 107

Avg 548 7.61 0.70 N/A N/A N/A

T Resnd‘ual Turbidity Coliform E. coli HPC TOC
) Chlorine (NTU) (MPN / (MPN / (cFu/my) | (men)
(mg/L) 100mL) 100m

P refi n iShed Min 358 0.12 6.38

Max 66.0 0.63 8.83

Avg 51.8 0.40 7.43

T | ElElE P04 Turbidity | Solform | Eccoll HPC ToC
) Chlorine me/L) (NTU) (MPN / (MPN / (cFu/my) | (me/L)
(mg/yy | '™M8 100mL) | 100mL) &

35.8 0.02 147 7.11

Distribution

76.0 121 241 7.81 1.27 1.0

53.5 0.60 2.09 7.39 0.75 N/A




Relationship between env. parameters and the
presence of Legionella could not be established

* Only 6/230 water samples were positive for Legionella using
culture, which is insufficient to establish a correlation.

* The effect of environmental parameters on Legionella
detection using PCR was indirectly examined using the
Mann-Whitney U test:

O Several environmental parameters were found to be statistically
different between samples that were positive or negative for Legionella
sp. DNA.

O Nature of the differences was difficult to interpret and requires further
investigation.




Despite the prevalence of Legionella DNA in the NYC distribution
system, detection by culture was rare.

Culture detection was limited to raw water, and water from a site
that may have been impacted by ongoing construction.

Legionella isolates were not closely related to isolates previously
implicated in Legionella outbreaks in NYC.

We could not correlate the presence of Legionella with
environmental parameters.

The lack of culture positive samples suggest that the current
disinfection practices are effective in protecting against the
presence of recoverable Legionella spp. in the New York City
water supply.



Ongoing work

o Testing all revised total coliform rule * Examining the drinking water
(RTCR) sites. microbiome.
00 Relative sequence abundance 1.0
Untreated Azospira sp.
waters - :
Methylobacter sp. Nitrospira sp.
— Gallionella sp. ;..
Cytophagasp. - Desulfosporosinus sp.
Firmicues
Distribution o Desulfobulbus sp. — Shewanella sp.
waters —_——

Mycobacterium sp.

Legionella sp.
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