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Overview

* Legionella testing and VBNC state
 Thermotolerance
* Amoeba and Legionella in Australian drinking water

* Legionella risk and water stagnation through intermitted usage
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Detection of Legionella from water sources

Culture — the ‘gold standard’ for Legionella testing
7-10 days

AS 5132:2017 ‘Waters-examination for Legionella spp. including Legionella pneumophila — using
concentration’.

Limit of detection = 100 CFU/L

AS/NZS 3896:2017 Waters-examination for Legionella spp. including Legionella pneumophila
Limit of detection = 10 CFU/mL = 10,000 CFU/L

Culture — doesn’t detect VBNC Legionella

gPCR — detects DNA (live and dead Legionella)
(1ISO/TS12869:2019)
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Viable but non culturable Legionella

 VBNC Legionella still pathogenic — can infection

amoeba and human cell lines.

* Induced by stress — heat, low nutrients,
disinfectants etc
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Legionella detection by culture and qPCR: Comparing apples and
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Uncertainties associated with assessing the public health
risk from Legionella
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Detection and quantification of
viable but non-culturable Legionella
pneumophila from water samples
using flow cytometry-cell sorting
and quantitative PCR

Muhammad Atif Nisar", Kirstin E. Ross', Melissa H. Brown',
Richard Bentham', Giles Best™® and Harriet Whiley™

Standard culture method AS5132:2017

Injured cells Alive cells

gPCR enumeration of injured (VBNC) Legionella

(ISO/TS12869:2019)
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VBNC Legionella still infects amoeba hosts

Red = Acanthamoeba polyphaga; Green = VBNC Legionella
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Hospital case study

 From March 2021 to June 2022, water (n = 120) and
biofilm (n = 46) samples were collected from the showers

culturable Legionella and
amoeba hosts in a hospital
water system

and handbasins of patient ensuites in a private NSW
hospital
 21% (36 /166 ) samples were positive for VBNC Legionella spp. —— Stagnation arising through
intermittent usage is associated
* 21% (36 /166 ) samples were qPCR positive (1ISO/TS12869:2019) e sonas, W INGKEGSEC yiable BavTon

* only 2.5% (4/166) samples were positive using the standard
culture method (AS 5132:2017)

) \tif Nisar”, Kirstin E. Ros”, Me vn
hard Bentham®, Giles Best™, James Xi~, Jason Hinds
and Harriet Whiley ™

Standard culturing returned a false negative result in 89% (32/36)
of samples positive for VBNC Legionella
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Thermotolerance

Technology Description Strengths Weaknesses
Heat disinfection Periodic heating of the + Relatively simple « Scalding hazards
(pasteurisation or thermal calonfier or water heater (theoretically but from the super-
1 shock disinfection) to a temperature generally not in heated water
°
Wate rrs k man ag eme nt p I an sufficient to achieve 70°C practice) = Requires
at all outlets and then = Does not require considerable hours of
. . flushing heated water addition of chemicals labour
« Multiple barriers of control through all heated ring » Resultsina high
mains, heated water volume o
pipework and heated wastewater
water outlets to control « Uses a large amount
Legionella of energy to heat
water

»  Many facilities do
not have sufficient
hot water capacity to

offer this method
= Has poor long-term
control
=  May unintentionally
S lead to significant
“ . LEGIONELLA heat transfer to cold
fr t MINI REVIEW Leri | ANSIET [0 Co
he |r°ﬂl:er;?)L} Joi: 10,3388 mic 2017.013 CONTROL water
— +« Cannot be used to
g_f@':,, disinfect cold water
o pipework
Legionella Persistence in
Manufactured Water Systems: eAHEALTH
Pasteurization Potentially Selecting
for Thermal Tolerance
Harriet Whiley*, Richard Bentham and Melissa H. Brown AR[: Tralnlng Centl'e FOI’ & A F I i n de rs
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Thermotolerance of strains

Thermal Treatment
Sample ID Origin Serogroup
65°C 70°C
LpINPI Clinical sgl VBNC 20 minutes
Lplp2 Clinical sgl VBNC 20 minutes
Lplp3 Clinical sgl VBNC 20 minutes
Lplp4 Clinical sgl VBNC 20 minutes
Lpl-5 Clinical sgl VBNC 20 minutes
Lpl-6 Clinical sgl 30 minutes 20 minutes
Lp2.14.7 Clinical sg2-14 20 minutes 20 minutes
Lp2.14.8 Clinical sg2-14 VBNC 20 minutes
7151 Environmental sgl VBNC 20 minutes
CHO2 Environmental sgl 30 minutes 20 minutes
FL3.1 Environmental sgl VBNC 20 minutes
FL3.2 Environmental sgl VBNC 20 minutes
FL3.3 Environmental sgl VBNC 20 minutes
FL3.4 Environmental sgl VBNC 20 minutes
EKO3 Environmental sg2-14 VBNC 20 minutes
EKO04 Environmental sg2-14 VBNC 20 minutes
7% Microbial

Unpublished data

 These results are from
pure cultures

* |nthe environment,
Legionella would also be
protected by other cells,
biofilm and amoeba hosts
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. pathogens

Rewview

Legionella pneumophila and Protozoan Hosts:
Implications for the Control of Hospital and
Potable Water Systems

Muhammad Atif Nisar, Kirstin E. Ross'", Melissa H. Brown'’, Richard Bentham and
Harriet Whiley *(©

Amoeba hosts

Percentage of water/biofilm samples collected from Australian
domestic and hospital water systems that were positive for
amoebae and/or Legionella

Amoebae (negative) 0%
Legionella (positive)

Amoebae (positive)

Legionella (positive)
Amoebae (positive)
Legionella (negative)

Amoebae (total) 69%
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Biofilm and water samples (% positive, n = 140)

Water Research 226 (2022) 119238
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Water Research
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rf\ Molecular screening and characterization of Legionella pneumophila S
"""\"}J associated free-living amoebae in domestic and hospital water systems
Muhammad Atif Nisar ®, Kirstin E Ross “, Melissa H Brown , Richard Bentham *, Jason Hinds b,
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Acanthamoeba
10X objective
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Vermamoeba
vermiformis
20X objective
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Water stagnhation
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Permanent stagnation

Water Stagnation and Flow
Obstruction Reduces the Quality of
Potable Water and Increases the Risk
of Legionelloses
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Enware operational monitoring hospital case study

Enware Smart® Flow monitoring system

* Water flow was measured using flow switches located at the hot water inlet and cold water inlet of both the
TMVs and hand basin faucets

* Temperature at the hot water inlet, cold water inlet, and outlet of the thermostatic mixing valves (TMV) and the
hot water inlet and cold water inlet of hand basin faucets
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GOOD
DESIGN

AWA
WINNER

o Water Risk Management System
B cros o poue Stagnation arising through Simplified for Healthcare . dr
open Access intermittent usage is associated ) L s
with increased viable but non J
culturable Legionella and
amoeba hosts in a hospital
water system
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Enware operational monitoring case study

Relationships between Legionella, amoeba and HPC

* All samples positive for Legionella were also positive for
amoeba host

* Samples with a very high heterotrophic plate count (HPC > 5 x
103 CFU/L) were also statistically significantly associated with
high concentrations of Legionella DNA (alive and dead cells),
VBNC Legionella and V. vermiformis.

Detected amoeba
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Enware operational monitoring case study

Relationships between microbes and water flow / stagnation

* temporary water stagnation arising through intermittent
usage (< 2 hours of usage per month) significantly (p < 0.01)
increased the amount of Legionella DNA, VBNC Legionella/L.
pneumophila, and V. vermiformis

Legianella VBNC Legionella | L. penumophila VBNC L. ¢

log:p{GU/L)

44444

Relationship between intermittent water usage
Temporary stagnation arising through intermittent usage and the presence of Legionella/Vermamoeba

increases Legionella and amoeba hosts vermiformis
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Enware operational monitoring case study

Relationships between microbes and water temperature

No associations found (likely due to our data handling approach — more research needed)

study averaged water temperatures across one week or one month prior to sampling for both the hot and
cold water pipelines/outlets the water temperatures were more similar to each other than anticipated

351

304

254

Temperature ( °C)

204

Cold water supply Hot water supply Outlet water

Average temperature (one week prior to sampling) of
hot water supply, cold water supply and outlet water
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Take home messages

* Legionella testing results in false negatives

* Operational monitoring: understanding your system is more important than testing
 Thermotolerance: 70°C for 20 min needed to kill all tested strains (may be higher in a complex system)
* Legionella always found with amoeba hosts — future disinfection strategies should target the hosts

 Temporary stagnation arising through intermitted usage associated with increased Legionella and amoeba
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Contact me
Harriet.Whiley@flinders.edu.au
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 Air quality monitoring

« Determining disinfection efficacy
https://www.microbialtestingandresearchservices.net/ « Evaluating antimicrobial surfaces/materials
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