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Legionella

Among the 65 species

Þ L. pneumophila responsible of >95% infections caused by Legionella
Þ Agent of Legionnaire’s disease which represents 0.5 to 5% of pneumopathy in the community

Þ serogroup 1 involved in >80% infections
Þ 10-15% mortality

Gram-negative bacteria very common in water ecosystems but in low concentration

Colonize manmade water networks, especially hot water (>37°C) 

Human is an accidental host
Inhalation of contaminated aerosols (small droplets)

Vulnerable population = immunocompromised persons, smokers, >50 yo, 
chronic diseases such as diabetes and chronic lung and heart disease

No direct human-to-human transmission

Water is the unique source of infection



Common characteristics to survive and persist within plumbing systems 
• biofilm
• intra-amoeba survival
• horizontal genes transfers, especially virulence and resistance genes 

In healthcare settings, water networks constitute technologic niches
Þ Complex reservoir for hydric pathogens
Þ Favouring OPPPs selection and transmission to patients
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Opportunistic Premise Plumbing Pathogen (OPPPs)
Legionella pneumophila, Stenotrophomonas maltophilia, non-tuberculous mycobacteria, Pseudomonas aeruginosa

Legionella

“The more complex the system, the greater the 
likelihood of colonisation…”



How Legionellosis cases occur in healthcare?

Usually, from hot water showerhead, but the risk depends on the type of water source of exposure 

Single sample critical concentrations considered at risk of 
contamination:

14.4 CFU per L in showers
1.06 x103 CFU per L in faucets

8.84 x 103 CFU per L from toilets 

DOI: 10.1021/acs.est.8b03000

This is in line with current guidelines of 
less than 1000 CFU per L, 

but less than 10 CFU per L of L. 
pneumophila in healthcare or 

susceptible population settings. 

Preventive measure = Filters on hot water points-of-use in at-risk settings



Unusual nosocomial cases occurring in a protected unit

2 cases of nosocomial Legionellosis occurring 5 
months apart in a same room of haematology unit 

while all water points-of-use are filtered

Investigation isolating 12 strains of L. pneumophila
within patients’ environment 

WGS analyses showed that clinical isolates and 
isolates from the room’s toilet clustered together

Toilet contamination by L. pneumophila is usually 
neglected but can lead to a risk of exposure 

through flushing



Legionella’s epidemiological cycle 

Free-living

Biofilm-associated

Inside amoebas

In water pipes
Legionella are present in different forms



Biofilms

Favoured by water stagnation and scale
Up to 107 bacteria per cm2 within biofilms

Transient or long-term reservoirs for 
opportunistic pathogens

Whatever the constitutive support of wall pipes



Intra-amoeba life

Amoebas are phagocyting cells that feed on bacteria
During its evolution L. pneumophila acquired resistance against amoeba

Once inside the cell, Legionella are able to proliferate, at temperature of 30-40°C

L. pneumophila is « accidentally » resistant to human 
macrophages

Immunodepression permissive to infection

https://doi.org/10.1080/21505594.2021.1903199

Amoeba amplifies L. pneumophila
The predator becomes the prey

Amoeba predisposes L. pneumophila to human infection by 
adapting the bacteria to human macrophages and then to 

escape the immune system

https://doi.org/10.1080/21505594.2021.1903199


Legionella’s epidemiological cycle 

Free-living

Biofilm-associated

Inside amoebas

When exposed to 
contaminated aerosols

Legionella can contaminate 
the lungs, by infecting 

macrophages

In water pipes
Legionella are present in different forms



How managing water quality and controlling Legionella?

In healthcare and public buildings, 
it is mandatory to regularly manage and control water supplies:

• Good knowledge of the water network map 
Þ identification of unfavourable water points 

Þ suppression of backwater

• Elimination of scale from water pipes;

• Sufficient temperature: 
60°C at the production, 50°C at water point-of-use;

• Sufficient chlorination: 1 mg/L at the production;

• At least once a year, microbiologic controls of water from unfavourable points 
Þ Conformity if Legionella <1000 CFU/L for all settings, except for high-risk settings 

hosting vulnerable patients where Legionella must be <10 CFU/L

https://www.escmid.org/fileadmin/src/media/PDFs/3Research_Projects/ESGLI/ESGLI_European_Technical_Guidelines_for_the_Prevention_Control_and_Investigation_of_Infections_Caused_by_Legionella_speci
es_June_2017.pdf



How managing water quality and controlling Legionella?

Preventive measures

Curative measures

Several measures can be used…



How managing water quality and controlling Legionella?

At usual chlorine concentration in drinking water

Insufficient to achieve 
a 4-log decrease of L. 

pneumophila
serogroup 1

Several measures can be used…



How managing water quality and controlling Legionella?

Limited efficiency of heat-shock 
under 60°C

Risk of burning to be 
considered

Several measures can be used…



How managing water quality and controlling Legionella?

Continuous hyperchlorination 
(0.5-1mg/L)

Efficient to significantly reduce the burden of Legionella, but 5.5% of water samples remained positive.

Þ The risk of infection is not completely controlled and Legionellosis cases still occur from treated drinking systems

Several measures can be used…



How managing water quality and controlling Legionella?

The problem with intra-amoeba life

When associated to amoeba, a same strain of Legionella pneumophila resists
o 7 to 98 times longer to 0.5mg/L free chlorine

o up to 18 times longer at 50°C and 5-6 times longer at 55°C

Usual conditions in hot drinking water
- 0.5mg/L free chlorine 

- temperatures of 50°C in proximal areas of water supplies

But in real-life… 



How managing water quality and controlling Legionella?

The problem with intra-amoeba life

The resistance of Legionella to usual water treatment 
is enhanced by its association with amoebas

Amoeba survival and amoeba-associated 
Legionella should be considered when 

assessing disinfection processes 

But in real-life… 



How managing water quality and controlling Legionella?

Hot water return line Legionella positivity and other water quality parameters are not predictive of distal site 
positivity and should not be used alone to determine the building’s colonization rate and the effectiveness of water 

management programs

Using predictive analyses…

Þ Poor correlation and low positive predictive value between the presence of Legionella in hot water return line 
and distal site

Þ No correlation between Legionella positivity and total bacteria, pH, free chlorine, T°, incoming cold-water 
chlorine concentration…  

Assessment of the relationship between Legionella in 
hot water return line, water quality parameters (T°, 

free-chlorine residual, total bacteria…) and Legionella 
in distal site

269 samples from domestic cold and hot water 
in 28 buildings



How managing water quality and controlling Legionella?

Defective return valves in faucets can cause widespread T° losses because of hot and cold water mixing

Systems in which water was kept consistently above 60°C and maintained above 55°C across the network were 
negative for Legionella.

For systems not meeting these temperature criteria, risk areas for L. pneumophila were identified using temperature 
profiling and system’s characterization

Þ Higher risk were confirmed by more frequent microbiological contamination

Risk assessment based on water T° within the water network 
to guide effective monitoring strategies and identify high-risk 

areas

Þ Monitoring of T° and heat loss at control points (water 
heater, recirculation, representative points-of-use) in hot 

water distribution systems of 5 healthcare facilities 

Using a temperature diagnostic of the water network…



Using a temperature diagnostic of the water network…
How managing water quality and controlling Legionella?

A temperature diagnosis flowchart is 
proposed to identify risk areas 

of L. pneumophila contamination

Useful tool for adapting measures 
and taking actions in case of investigation 
at the hot water production, on the return 

loop, and on unfavourable 
water points-of-use



How managing water quality and controlling Legionella?

Assessment of the efficacy of cooper and silver ionization (CSI) to 
control L. pneumophila at reduced hot temperatures (<43°C)

Þ 1598 water samples during 6 years, tested for L. pneumophila, 
total viable counts, cooper and silver ion levels

100% control of L. pneumophila in 
water outlets during the entire 
study period with an average 
water temperature of 42°C

A rebalancing and a flushing regiment 
are needed to achieve consistent 

adequate levels of cooper (>0.2mg/L) 
and silver (0.02mg/L) at water points-

of-use

Using ionization technologies…



How managing water quality and controlling Legionella?

Assessing the aerosolization rate of L. pneumophila during 
showering between traditional showerhead (STA) and water-

efficient showerhead (ECO) shown to emit more small particles

Þ Controlled experiments and determination of the emitted 
dose and viable airborne Legionella from water jets

Using appropriate showerhead…



How managing water quality and controlling Legionella?

Bioaerosols sampled using a Coriolis® Delta air sampler. 
The total number of viable Legionella determined by 

flow cytometry and culture. 

Similar rates of viable and cultivable Legionella 
aerosolized from the 2 showerheads

With a viable and cultivable fraction of only 0.0005%

Þ The risk of exposure to Legionella is not expected to 
increase significantly with the new generation of 

water-efficient showerheads

Assessing the aerosolization rate of L. pneumophila during 
showering between traditional showerhead (STA) and water-

efficient showerhead (ECO) shown to emit more small particles

Þ Controlled experiments and determination of the emitted 
dose and viable airborne Legionella from water jets

Using appropriate showerhead…



OBPs: Opportunistic bacterial pathogens

How managing water quality and controlling Legionella?

Incorporation of UVC LEDs into showerheads 
Þ significant UV irradiation in order to destroy biological 

matrices in which OPPPs reside including biofilm and amoebas

This disinfection engineering concept 
could lead to the development of 

showerhead devices 
but there is a lack of established 

parameters

Using appropriate showerhead…



Perspective?

Natural and ecological way to control L. pneumophila using 
volatile compounds produced by a physically separated 

strain of Pseudomonas fluorescens (MFEO1 strain)?

Volatiles emitted by P. fluorescens MFE01 strain 
inhibit the growth of Legionella species.

&
The growth inhibition is irreversible.

FIG 1 Antagonistic activity of P. fluorescens MFE01 toward L. pneumophila Lens. (A) Spot-on-lawn assay with P. fluorescens MFE01 (central spot). (B) Side
view of the experimental two-petri-dish assay. (C) P. fluorescens MFE01 grown in a central small petri dish with a lid sealed with parafilm. (D) P. fluorescens
MFE01 grown in a central small petri dish without lid. Growth of L. pneumophila Lens was monitored after 96 h of incubation at 28°C. Deposits of L.
pneumophila on the agar are indicated by white arrows. The absence of bacterial growth indicates a volatile-dependent inhibitory phenotype. The pictures
are representative of more than 6 experiments.

The volatile 1-undecene, naturally produced by 
P. fluorescens, has potent activity against Legionella.

In small amounts, it is capable of inducing cell lysis 
even when the producing strain is physically separated 

from the target. 

Using inter-bacterial competition…



L. pneumophila is an OPPP => manmade opportunistic pathogen selected and 
amplified in water technologic niches

Human is an accidental host

Controlling measures are based on

- Good knowledge of water network map
- Good control of physical parameters: T°, free chlorine…

- Use of appropriate materials for water pipes walls limiting biofilm formation 
(copper)…

- Development of devices design and technologies in water showerheads, water 
buses…

- Consideration of amoeba survival and amoeba-associated Legionella when 
assessing disinfection processes 

- Using bacterial competition???

Take home messages



Thank you for your attention

« L’animal qui a le plus profité de la compagnie 
de l’homme est le microbe » 
Malcolm de Chazal


