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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



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

qPCR – detects DNA (live and dead Legionella)
(ISO/TS12869:2019)



Viable but non culturable Legionella

• VBNC Legionella still pathogenic – can infection 
amoeba and human cell lines.

• Induced by stress – heat, low nutrients, 
disinfectants etc



Dead cells Injured cells Alive cells

Standard culture method AS5132:2017 

Flow cytometry with viability 

sorting

qPCR enumeration of injured (VBNC) Legionella
(ISO/TS12869:2019)



VBNC Legionella still infects amoeba hosts

Red = Acanthamoeba polyphaga; Green = VBNC Legionella 



Hospital case study

• From March 2021 to June 2022, water (n = 120) and 

biofilm (n = 46) samples were collected from the showers 

and handbasins of patient ensuites in a private NSW 

hospital

• 21% (36 /166 ) samples were positive for VBNC Legionella spp.

• 21% (36 /166 ) samples were qPCR positive (ISO/TS12869:2019) 

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

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



Thermotolerance

• Water risk management plan

• Multiple barriers of control



Thermotolerance of strains

Unpublished data

• These results are from 
pure cultures

• In the environment, 
Legionella would also be 
protected by other cells, 
biofilm and amoeba hosts

Sample ID Origin Serogroup
Thermal Treatment

65°C 70°C

LpINPI Clinical sg1 VBNC 20 minutes

LpIp2 Clinical sg1 VBNC 20 minutes

LpIp3 Clinical sg1 VBNC 20 minutes

LpIp4 Clinical sg1 VBNC 20 minutes

LpI-5 Clinical sg1 VBNC 20 minutes

LpI-6 Clinical sg1 30 minutes 20 minutes

Lp2.14.7 Clinical sg2-14 20 minutes 20 minutes

Lp2.14.8 Clinical sg2-14 VBNC 20 minutes

71S1 Environmental sg1 VBNC 20 minutes

CH02 Environmental sg1 30 minutes 20 minutes

FL3.1 Environmental sg1 VBNC 20 minutes

FL3.2 Environmental sg1 VBNC 20 minutes

FL3.3 Environmental sg1 VBNC 20 minutes

FL3.4 Environmental sg1 VBNC 20 minutes

EK03 Environmental sg2-14 VBNC 20 minutes

EK04 Environmental sg2-14 VBNC 20 minutes



Amoeba hosts



Acanthamoeba
10X objective



Vermamoeba
vermiformis

20X objective



Water stagnation

Permanent stagnation

Temporal stagnation



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

• Continuous real time 
flow/temperature data

• For data analysis purposes we 
created averages for one week 
and one month prior to sampling



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 ×

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



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

Relationship between intermittent water usage 
and the presence of Legionella/Vermamoeba 

vermiformis
Temporary stagnation arising through intermittent usage 

increases Legionella and amoeba hosts



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

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



Take home messages

• Legionella testing results in false negatives

• Operational monitoring: understanding your system is more important than testing

• Thermotolerance: 70oC 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

https://www.microbialtestingandresearchservices.net/

https://www.flinders.edu.au/arc-biofilm

E.g.

• Water quality / Legionella

• Air quality monitoring

• Determining disinfection efficacy 

• Evaluating antimicrobial surfaces/materials
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