
Legionella Testing Methods

Lab Culture, PCR and OnSiteLegionella



The Problem



The History of Legionella Pneumophila
• July 21-24th 1976 – 58th  Convention of the American 

Legion was held at the hotel

• July 27th 1976 – the first death was  reported

• 221 pneumonia cases (34 deaths) but cause was a 
mystery

• January 1977 – Dr Joseph McDade of CDC isolated bacteria
• It was also isolated from the hotel’s cooling tower water
• 72 cases were patients that didn’t attend the convention
• Thus the realization came that droplets containing bacteria 

and inhalation of them in & around the hotel was the causeThe Bellevue-Stratford Hotel, Philadelphia



History of Outbreaks
• 1976 – Philadelphia USA - 34 deaths – cooling tower
• 1977 – Burlington USA – 17 deaths – cooling tower (also 1980)
• 1978 – Memphis USA – 44 infected – cooling tower
• 1979 – Vasteras Sweden – 58 infected – cooling tower
• 1981 – Heysham UK – 6 infected – cooling tower
• Now nearly constant outbreaks globally reported in media 
• All early outbreaks linked to cooling towers
• Quickly apparent that ANY water system could be a problem



Symptoms of Legionnaires’ Disease
• Can present as a Pneumonia
• 2-10 day incubation period
• Fever (>39°C) in 70%
• Cough in 75%
• Sputum production 45%
• Confusion 45%
• Myalgia 38%
• Diarrhoea 33%
• Headache 32%



Legionella Pneumophila
• Ubiquitous - in most fresh water sources on earth-Rivers, ponds,lakes etc. 

• Detected in up to 40% of freshwater environments by culture and up to 80% by 
Polymerase Chain Reaction

• Gram negative, rod-shaped, pleomorphic parasite of ameoba
• Stains poorly due unique lipopolysaccharide content (antigen component) in 

outer cell membrane
• Hard to detect and to eradicate

• Capable of remaining in dormant Viable But Non-Culturable state for long periods
• Often resident in biofilm so can be resistant to biocides
• Generally resilient/adaptive to environment

• 15 Serogroups of L. p and over 50 other species of Legionella bacteria
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Presentation Notes
Only half of the 50 species have been associated with human disease. Somewhat limiting the value of a species test unless great precaution is required (e.g. to prevent hospital acquisition)



Legionella life cycle

Good Times Hard Times
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Presentation Notes
Legionella populations will predominantly be in biofilm




Route of Infection

• Inhalation of aerosols
• <5 µM aerosols can enter alveoli in 

lungs
• Aerosols are created by water 

impacting surfaces
• Legionella bacteria survive 3-4 hrs in 

aerosols at relative humidity of 65%
• Cooling tower bacteria has been 

shown to spread many kilometers

• Minimal evidence of person-to-
person spread or by drinking water



• Legionellosis is the term used to describe all 
diseases caused by Legionella bacteria (>50 
species) 

• 95% of Legionellosis cases are caused by
• Legionnaires’ Disease L. p Serogroup 1 

• ~85% of legionellosis.

• Legionella Longbeachae is also pathogenic.
• This bacteria is not water-based

• typically found in compost 

• Other Legionellosis illnesses typically self-
resolve in 2-3 days

• Pontiac Fever
• Lochgoilhead fever.

Other Legionellosis Illnesses

Epidemiology Of Legionellosis

Legionnaires caused by
SG 1
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Pontiac fever is an acute, self-limited, febrile illness with an attack rate of 95% to 100% and an incubation period of 36 hours. Flu-like symptoms mean it is widely undiagnosed but it may have more significant long term health impacts. 






Legionnaires’ Disease Characteristics
• Risk Groups

• >50 years old
• Smokers
• Hospital patients
• Chronic Medical Conditions (particularly immunosuppression)

• Men (2-3x more susceptible)

• 10-15% patients die.
• More long term health effects.

• Legionella Cases 2015: about 6000 (US) 
• Underdiagnoses globally, some very significant

HEALTHY

ADMISSION DAY 4

1 YEAR 7 YEARS

Radiography Source: Legionella Infections, Bartlett, Christopher L.R., Macrae, Alastair D., Macfarlane, John T, ISBN 10: 0713145064
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Risk Groups
>50 years old
Smokers
Hospital patients 
Chronic Medical Conditions (particularly immunosupression but also Diabetes, heart conditions, etc )
Men (2-3x more susceptible)
Cases with children very rare though under 1’s have most risk in this group due to underdeveloped immune response	
10-15% patients die. More long term health effects.
LD Cases 2015: 7,034 (EU), ~6000 (US) 
Underdiagnosis globally, some very significant, particularly in undeveloped economies.

https://books.google.com/books/about/Legionella_Infections.html?id=zHVrAAAAMAAJ&redir_esc=y


Some Confirmed Sources
• Showers/taps
• Spas/Jacuzzis
• Ornamental Fountains
• Water Sprinklers
• Clinical Humidifiers
• Drilling/Grinding Machines

• Car Washes
• Ice Making Machines
• WCs
• Dental Equipment
• Misting Machines



Legionella – A growing problem in the US

Source: https://www.cdc.gov/legionella/surv-reporting.html

https://www.cdc.gov/legionella/surv-reporting.html


Ideal Conditions for Legionella

• Biofilms or Sediments
• Temperature

• Cell growth between 77°F - 108°F (20°C to 45°C) 
• Peak growth temperature ~ 96°F (36°C)

• Cell multiplication reduced but cells still viable 113°F - 120°F (45°C to 49°C)
• Cells start to die above above 122°F (50°C)
• Speed of cell death increases as temperature increases. Above 158°F (70°C) cells are 

killed quickly.
• Amoeba present
• Nutrients (including iron and L-cysteine)
• ~ Neutral pH
• Low flow (or dead legs in the system)  

Presenter
Presentation Notes
Biofilms or Sediments – place to hide form tempateratue or biocide treatments and source of resources

Temperature
Cell growth between 77°F - 108°F (20°C to 45°C) 
Peak growth temperature ~ 96°F (36°C)
Cell multiplication reduced but cells still viable 113°F - 120°F (45°C to 49°C)
Cells start to die above above 122°F (50°C)
Speed of cell death increases as temperature increases. Above 158°F (70°C) cells are killed quickly.

	So Cold water should (wherever possible) be kept below 77 F or 20  C and Hot water should be kept Above 122F / 50C at a mimimum. Higher temperatures are preferred. Bear in mind these temperatures need to be throughout a system to prevent growth and this is often impractical or impossible.

Amoeba present
Nutrients (including iron and L-cysteine)
~ Neutral pH 




The Solutions

Treatments Testing

C

Oxidizers

Chlorine Dioxide
Per Acetic Acid

Non Oxidizers Heat
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Treatments Include, heat treatment – store water above 60 degrees C generally or heat treat entire system over 70 degrees for prolobged period, copper silver ionisation and other typical biocides.

Testing includes culture testing, Polymerase Chain Reaction, Antigen identification.

At the heart of all of this is management of risk. 



Testing Options

Plate Testing PCR Testing OSLT  Testing



Why test?

• Legionella is practically ubiquitous
• Legionella is very resilient

• VBNC dormant forms when ‘shocked’
• Hides in biofilm so can be resistant to biocides and heat treatments 

• Total eradication / complete sterility impractical
• Typical treatments and risk management techniques are not 100% 

effective
• Therefore testing is an absolute necessity to MANAGE RISK

Source: http://www.hse.gov.uk/pubns/priced/l8.pdf
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Presentation Notes
Extracts from UK Heath and Safety Executive – L8 Approved Code of Practice
Many global standards follow these same concepts


http://www.hse.gov.uk/pubns/priced/l8.pdf


Lab Culture Testing
• The original method to detect Legionella is lab 

culture testing
• Can speciate
• Requires 10-14 days to return a result

• High False Negatives – Average 40%
• Part of every regulatory compliance framework
• Sometimes referred to as the ‘Gold standard’ 

of testing.
• This is an historical phrase which is now very hard 

to justify due to its significant shortcomings.



Culture testing – The ‘Gold Standard’?

• False negatives rates vary from 20% to 70% 
• ISO Water quality — Enumeration of Legionella (ISO 11731:2017)1

• Multi-country inter-laboratory trial – false negative rate of about 40%

• Why so high?
• Legionella - complex lifecycle & parasite, yet lab culture does not provide host
• Some lifecycle stages are not replicative
• Other bacteria can dominate so acid and heat treatments performed on sample

• Other concerns – 100% inability to find VBNC
• Viable But Non-Culturable (VBNC) bacteria are dangerous2

Sources: 1: http://www.iso.org/obp/ui/#iso:std:61782:en Page 29, 2: https://www.sciencedirect.com/science/article/pii/S0043135418300721
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Presentation Notes
Culture tests have a recovery rate of anywhere between low tens of percent (non-ISO culture methods) and up to around 80% (best in class ISO standard labs.) To be clear recovery rate is an expression of how often a test will succeed in finding Legionella when it IS present. So, if you spike 100 water samples and have them all sent to labs to perform a culture test you will NOT get 100 positives back from the lab. The figure is (as described above) often considerably lower than 80 out of 100. Different labs will have different recovery rates – even if you send samples to multiple labs that are all following the same ISO ‘gold standard’ protocols. 
 
Why isn’t the recovery rate near 100%? There are a number of different reasons. Here are just a few examples:
 
Legionella pneumophila is a parasitic organism and its lifecycle involves replication within an amoeba. Labs culture processes do not use amoeba and thus can only attempt to trick the bacterium into growing outside it’s normal lifecycle process.
In the environment, when Legionella has exhausted the resources of its host amoeba, it changes metabolic state and grows a flagellum. It then exits the amoeba and enters free water in search of another host, using its flagellum to swim. When in this state the bacteria is highly dangerous (when inhaled by a human it is the the bacterium mistaking a lung macrophage for an amoebic host that causes a Legionnaires’ disease infection.) In this state the bacteria is NOT replicative. It is highly dangerous but will NOT easily replicate in a lab. Labs need to change the lifecycle state of these bacteria in order to enable it to be cultured. This is not a 100% effective process.
Other bacteria will dominate legionella in many circumstances, so if a water sample has all bacteria extracted and cultured it will be difficult to find Legionella on the plate as other, faster growing bacteria will dominate. As a result acid treatments and heat treatments are often undertaken. Obviously such treatments can also kill Legionella in the sample.
 
In the latest version of the “ISO Water quality — Enumeration of Legionella” standard for lab culture testing (ISO 11731:2017 - https://www.iso.org/obp/ui/#iso:std:61782:en ) on page 29 they state that the multi-country inter-laboratory trial they recently undertook had a recovery rate of “> 64%”. Thus ISO suggest that if you send 100 Legionella-spiked water samples to ISO labs they expect the results will be a positive in at least 65 of the reports, but cannot say more than that.
 
The Hydrosense test detects a very specific Antigen on the surface of the bacteria, so we do not have the problems of the lifecycle as mentioned above – i.e. we don not require the bacteria to be in a culturable state in the sample. Also, it is important to note that we will detect Viable But Non-Culturable (VBNC) forms of the bacteria that culture testing will NOT detect. [There is an excellent new paper here https://www.sciencedirect.com/science/article/pii/S0043135418300721 which explains how dangerous these forms of Legionella can be.] These forms are typical where the bacteria is shocked, for example by temperature or biocide, and enters a cyst-like state where it can remain viable but dormant for prolonged periods. Once the environment changes (e.g. nutrients, amoeba or lung cells become available to the bacteria) the Viable But Non-Culturable form of the bacteria can become active again. This is one of the reasons why some systems with no introduction of new water can seemingly become infected with Legionella despite a prolonged period where they seem to be safe.
 
Lab culture testing will remain at the core of regulatory frameworks for some time to come, so people will continue to undertake these for compliance. However, they are just too blunt an instrument to provide complete protection. Our test provides a critical additional information point in 25 minutes. Customers who get a positive with our test should act immediately. Many lives are saved by action being taken on our tests where a parallel culture test will only ever give you a view of what was happening in the water system 10 days ago. Legionella can replicate very rapidly indeed (e.g.it can double its population overnight in the right temperature and with the right nutrients available.) We therefore believe it is important that Legionella risk management programmes use multiple information sources to protect employees and customers and that rapid testing techniques such as Hydrosense are a critical component of these strategies. 

http://www.iso.org/obp/ui/#iso:std:61782:en
https://www.sciencedirect.com/science/article/pii/S0043135418300721


Legionella life cycle - Effects on testing
• The motile phase of Legionella 

pneumophila is not ‘ready to replicate’ –
it is seeking an amoeba (or lung cell!)

• This is one of the reasons that lab culture tests 
have lower recovery rates

• OSLT - Legionella antigen can be 
detected in any phase of Legionella’s 
lifecycle.

• This enables detecting the bacterium 
when it is an immediate danger to 
humans.



Lab Culture Testing – A view of the past

Type equation here.

Pass Fail

12

Ac
tio

n

Risk Risk High Risk

When was the fail?
Did the treatment work?
Am I good now?

Area of Uncertainty
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Looking at the month of March and imagining a regime where we retest after each result is received we can see that all we are ever seeing is a view of the past.

In certain circumstances (fountain in the lobby of a hotel, hotel room which management wish to re-use immediately, etc.) it is impossible to control any risk. Furthermore risk exists between each test sampling and the result being received. IU think this makes it clear that culture testing alone cannot manage risk.

It is known that legionella can reproduce very rapidly in the right conditions, in 10 days a very significant infection could occur that would be invisible in test results. Add to this the inability to detect dangerous Viable But Non-culturable Bacteria and Lab Culture’s days as the predominant technology for detection of Legionella seem numbered.



PCR Testing
• Polymerase Chain Reaction Testing

• Detects DNA 
• Lab-based 

• Typically means ~2 days before result is available
• As with Lab Culture testing care must be taken with 

the sample
• Sodium thiosulphate used to neutralize chlorine
• Sample must not experience excessive temperatures

• Can get false positives
• Biocides 
• Other contaminants in the water.
• Important to have water types screened before relying on 

results
• Can detect VBNC



Method Summary

• Lab Culture
• Time: 10-14 Days 
• Where: Lab based test – sample must be sent to a Lab
• Pros: Detailed analysis, Specific Serogroups and Species Possible 
• Cons: Recovery Rate insufficient - typically ~60%-~80%, Very Slow, Doesn’t detect 

dangerous Viable But Non-Culturable (VBNC) bacteria
• PCR

• Time 1-2 days
• Where: Lab based test – sample must be sent to a Lab
• Pros: Accurate, Recovery Rate ~80-90%, Detects dangerous Viable But Non-Culturable 

(VBNC) bacteria
• Cons: Complex lab-based process, false positives possible so all water sources need pre-

screening to avoid error



Methods

• On Site Legionella Testing
• Time: 25 Minutes
• Where: On-site
• Pros: 

• Immediate - Minimizes risk.
• False negatives < 20%
• Detects dangerous Viable But Non-Culturable (VBNC) bacteria.

• Cons: Semi-quantitative. 

Presenter
Presentation Notes
Semi quantitative so important to align action levels with this semi quantification and risk management

















Wide Variety of Test Kits

• For sampling direct from water, a sample point or swabbing biofilm
Single Test Kit Swab test kit

Industrial test kit



Summary

• Legionella is an increasing problem for human health
• Testing is a necessity but Lab Culture testing is insufficient to control risk and 

PCR still too slow
• The On Site Legionella tests are the fastest Legionella test in the market today 

and has high accuracy
• Significant other opportunities with water tests kits and sample points for cooling 

towers etc.
• Tests are often used to prove need for remedial action or to prove efficacy after 

a clean.



Discussion
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