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Microbiological Testing of waterMicrobiological Testing of water

Taking water samples for microbiological 
analysis forms part of the process for 
assuring water safety and requires direction 
by the water safety group. The role of the 
water safety group is critical, and their 
input is required throughout the life cycle 
of the building, from inception, through 
design construction and commissioning till 
eventual decommissioning. Reactive testing 
is also important in investigating potential 
incidents/outbreaks.

Whilst testing methodology has been 
developed for Legionella, Pseudomonas 
aeruginosa, and nontuberculous 
mycobacteria it is lacking for other 
organisms (see Table 1 at the end of the 
article) that are increasingly recognised 
as being transmitted by water systems 
(despite Stenotrophomonas maltophilia 
being recognised as a waterborne 
organism for a long time no methodology 
was developed). The advent of MALDIToF 
has improved the identification of such 
organisms within the clinical laboratory, 
which due to deficiencies in previous 
identification testing methodology may 
have been reported as ‘a non-fermenting 
environmental organism of dubious clinical 
significance’. Thus, being able to obtain a 
definitive identification is likely to have 
been an influencing factor in recognition 
of waterborne transmission events. Access 
to MALDIToF in water testing laboratories 
is less advanced compared to clinical 
laboratories. This will have implications 
when testing for organisms which challenge 
some organism identification systems – for 
example Inkster has shown that Cupriavidus 
can be misidentified.1

As with any laboratory test it is part of 
a pathway which may be divided into 
3 phases, pre-analytical, analytical and 
post-analytical. All three elements must 
be performed correctly to ensure the 
safety of the water system. A common and 
dangerous misconception is to focus solely 
on the analytical phase of the specimen 
pathway, a situation which is not restricted 
to water testing but equally applies to 
patient specimens. Unfortunately, UKAS, 
the accreditation service, allow laboratories 
to be accredited for the analytical phase 
alone as opposed to the pathway, which is 
different in other countries. For example, 
in Germany, the sampling process, its 
documentation as well as sample transport 
to the laboratory are all part of the 
laboratory’s accreditation. Failure in one of 
these parts can jeopardise the accreditation 

and result in non-compliant sampling, which 
health authorities might not accept and 
repeat tests may be requested. Failure to 
ensure that the focus is on the entirety 
of the pathway permits major errors to 
permeate the process ultimately placing 
occupants of the building at risk from 
waterborne infections.

This is not a comprehensive review of water 
testing but tries to highlight some of the 
common pitfalls and challenges. Auditing 
the pathway is an important but often 
forgotten important step, and should be 
on the agenda/remit of the water safety 
group.

Biofilm - incoming mains water is not 
sterile, containing several Genera in small 
numbers including organisms which are 
natural inhabitants of water in nature. These 
organisms can be relatively resistant to 
chlorine (can pass through water treatment 
plants), survive in low nutrient conditions 
and produce biofilm. The key to water safety 
is ensuring conditions do not allow these 
organisms to attach to surfaces in the water 
system, form biofilm and proliferate to 
reach number capable of causing human 

disease. Most of the organisms within 
a water system are embedded within 
the biofilm. However small numbers of 
organisms are released, planktonic forms, 
and areas of biofilm will be shed as part 
of the natural process of seeding other 
areas of a water system. The organisms 
free in the water are thought to represent 
approximately 1% of the bioburden in the 
system. The location and extent of the 
biofilm have a significant impact on how 
water samples are collected. 

Pre-flush or post-flush specimens or 
both?
Contamination of water systems may be 
broadly divided into systemic contamination 
or contamination of the periphery, which is 
arbitrarily described as the last 2 m of the 
pipework.

When there is systemic contamination, all 
outlets supplied by the water system should 
give positive results irrespective of whether 
a pre-flush or post-flush sample is collected.

With contamination at the periphery of 
the system, the contamination may be 
restricted to a single outlet. Here, the type 
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of sample pre-or post-flush is critical. In 
the figure below water samples are being 
collected from an outlet immediately as 
opens and then at 1 and 2 minutes. The 
rate of flow of water from the outlet was 
restricted to minimise splashing whilst 
collecting the samples. As can be seen 
there is a rapid drop-off in the counts of 
Pseudomonas aeruginosa with time. If the 
outlet had been opened fully as in hand 
washing it is likely that not only the two-
minute sample would have been negative 
but also the one minute sample. The 
implications for water testing are extremely 
important. If an outlet has been used prior 
to collection of the specimen then a false 
negative results may be obtained. This is 
not just theoretical – we have witnessed 
this on several occasions. When testing 
one unit staff were asked to collect water 
samples at 5:30 AM in the morning and 
had asked not to use the outlets in the 
vicinity. As an audit we repeated the 
sampling within a week and found 20% of 
the previously tested negative outlets to be 
positive. The likely explanation is that the 
outlets had been used prior to sampling.

The recommendations are both for 
Pseudomonas and Legionella to collect 
a pre-flush sample. However, in order to 
do this requires planning and discussion 
with the unit where the samples are to be 
collected. It is not possible to walk onto 
an augmented care area and expect to 
collect pre-flush samples without any 
prior discussion with ward staff. Equally it 
is unrealistic to expect to test all outlets 
on the same day as staff will require 
access to some hand wash stations. To 
facilitate collection of true pre-flush 
samples placement of a plastic bag over 

the hand wash station to prevent use can 
be useful.

Training in collection of water 
samples
It is not uncommon for certain tasks to be 
incorrectly seen as menial not requiring 
any training. Unfortunately, this attitude 
often exists with water sampling, so much 
so that when one sees a water sample 
result enquiry needs to be made as to how 
the sample was collected to establish its 
credibility. Failure to collect the sample 
correctly can invalidate the rest of the 
process, but as this often goes unrecognised, 
those in receipt of the laboratory report 
may end up reacting to an invalid result.

Ideally the pre-analytical phase should 
be UKAS accredited. Irrespective of UKAS 
accreditation the sampling process should 
be subject to local audit. A simple enquiry 

such as did you contact the ward prior to 
sampling readily establishes whether true 
pre-flush samples are likely to have been 
obtained.

Sample containers should be sterile 
and contain the necessary chemicals to 
neutralise any biocides present in the 
system.

Recording the date and time of collection, 
the asset number of outlet, type of sample 
(pre-or post-flush) set on request form and 
sample as a minimum are essential.

Transportation
Much of the sampling in the past was 
geared to Legionella testing where the 
requirements for rapid transportation 
and storage are less demanding. With 
Pseudomonas aeruginosa, HTM 04-01 
states that ‘the collected water should be 
processed within two hours. If that is not 
possible, then it should be refrigerated 
within two hours, kept at 2–8oC and 
processed within 24 hours’.

When collecting a large number of samples 
on-site the 2 hour period may be exceeded 
requiring samples to be placed in a cool box 
at time of collection.  

Analytical phase
For organisms where there is no validated 
methodology there should be a discussion 
between the medical microbiologist and 
the water testing laboratory. The advent 
of MALDIToF has not only improved the 
identification of organisms but permits 
testing large numbers of colonies speedily 
and at little or no extra cost. In the 
Cupriavidus outbreak, water samples were 
plated as total viable count specimens 
and suspect colonies picked for analysis 
by MALDIToF. When looking for an 
unusual organism, where conventional 
methods of organism identification may 
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Placement of bag over outlet 
the night before water 

sampling to ensure a true
pre-flush sample is collected

Enquire as you go round:

'Are you contacted before the 
sampling is performed'

'Are all outlets sampled on 
same day'

Image on the left shows a confluent growth of Pseudomonas aeruginosa. The water system was also 
suspected of containing Stenotrophomonas maltophilia but with such a heavy growth of pseudomonas, it's 

detection would be obscured by the more rapidly growing pseudomonas. On the right-hand side an imipenem 
disc (meropenem is not suitable) has been placed on the filter after filtration of the water sample. The 

pseudomonas is sensitive to imipenem as shown by its growth only as an outer ring. Within the ring colonies 
of Stenotrophomonas maltophilia may be seen as it is inherently resistant to the antibiotic.
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not provide a result or an inaccurate 
result, using a laboratory with MALDIToF 
may be necessary. When investigating 
a potential outbreak with an antibiotic 
resistant organism, knowing the antibiotic 
sensitivity pattern can aid in selecting for 
the organism. This requires communication 
between the incident team (preferably 
the microbiologist) and the water testing 
laboratory.

The time to obtaining a result from setting 
up a culture will vary with organism. Results 
for Pseudomonas aeruginosa should be 
available within 48 hours. With Legionella 
plates will be cultured for up to 10 days. 
However suspect Legionella colonies may 
appear on the plates a lot earlier especially 
where there is a heavy bacterial load. It is 
useful to have an arrangement with the 
laboratory to inform the user of suspicious 
growth. Depending on availability 
equipment in the laboratory definitive 
confirmation can vary from hours to 48 
hours.

There needs to be an arrangement with 
the laboratory to ensure that all significant 
isolates are kept should they be required at 
a later stage for typing (see British Standard 
8580-2:2022). Transmission events may not 
be apparent at the time of testing which 
becomes very frustrating when an outbreak 
investigation is convened at a later stage.

Communication of results
Timely and effective communication of 
results is equally important in ensuring 
water safety. Again there should be an 
arrangement with the laboratory to 
ensure positive results are communicated 
without delay and to the correct individuals. 
Situations such as the results being emailed 
to a single individuals inbox should be 
avoided as these may be missed if the 
individual is away. 

Response to results
Ideally there should be a standard operating 
procedure delineating how to proceed in 
response to positive results with different 
organisms. This will include putting in 
place any immediate measures to protect 
patients/staff/visitors, for example 
installation of point of use filters. At the 
same time further information should be 
collected – for example if this is a routine 
sample and Legionella is positive, checking 
water temperatures or biocide levels 
(whatever the control method is) in the 
vicinity and water turnover may provide 
additional information to manage the 
issue. An incident meeting should be held, 
this need not be long depending on the 
situation, with minutes taken and kept as a 
record. 

Analysing/presenting results
Before accepting any result, it is good 
practice to check the date and time the 
sample was collected, the date and time 
the sample was received at the laboratory 
and the date of issue of report. Additionally 
check to see if this is a pre or post-flush 
sample and what procedures are in place to 
ensure specimens are collected correctly. 
This is equally applicable to negative as well 
as positive results – a false negative water 
result is fraught with risk of transmission of 
waterborne organisms.

When a positive result is obtained a series 
of questions need to be asked including 
where the biofilm is likely to be within the 
water system. Is it localised to the outlet 
(repeat sampling using pre-and post-flush 
samples should show a high pre-flush and 
substantially lower negative post-flush in 
association with other outlets on the same 
pipe run being negative).
Guidance is provided in HTM 04 – 01 on how 
to manage positive samples, depending 
upon concentration of organism and 
patient risk.2 With regards to Pseudomonas 
aeruginosa part B: operational management 
page 69 states: if between 1 and 10 CFU 
/100ML is isolated, a repeat sample should 
be taken and if negative there is no need 
to proceed further. From a scientific 
perspective this is illogical – when there are 
conflicting results between two tests why 
accept the negative test? The most likely 
explanation for differences between the two 
results relates to collection of the pre-flush 
sample, as taking a sample too soon after 
it has last been used has a major influence 
on isolation of the organism. Personally, I 
would accept any count of Pseudomonas 
aeruginosa as being significant and 
therefore requiring action.

Ideally sample results should be plotted 
on a schematic which also shows historical 
results for the same outlets. Where this is 
not possible, a spreadsheet showing the 
history for the outlets in the area as well as 
up-to-date schematics are required.
 
Typing and interpretation of results
Where an incident/outbreak is suspected 
isolates should be sent for typing. Ideally 
this will include environmental as well 
as patient isolates. Compared to patient 
to patient spread where traditionally 
a single clone of organism is involved 
environmental outbreaks can be more 
complex (polymicrobial and polyclonal). For 
these reasons establishing a link between 
patient acquisition from the environment is 
more difficult resulting in the true burden 
of disease being underestimated. This is 
discussed in more detail in a paper titled 
‘The hospital-built environment: biofilm, 

biodiversity and bias’.3

 
When to undertake water testing
Water testing is important. Its value is 
frequently misinterpreted. Performed 
incorrectly it may be a waste of resources 
and place individuals at risk.

Water testing, when performed correctly, 
informs one of the quality of water at 
that point in time. It is not a control 
methodology. If the water system is not 
well controlled a negative water sample 
can soon be replaced by high counts of 
pathogens. Despite this there have been 
reports where the water safety group has 
focused on negative water samples to the 
exclusion of ensuring the controls on the 
system are working, only to be surprised 
when the next set of water samples shows 
high counts of pathogens.

Water quality testing is required at 
commissioning of a new water system, and 
routinely for Legionella and Pseudomonas 
aeruginosa in high-risk areas. It is also 
indicated when:

• considered necessary by the risk 
assessment;

• from areas where the target control 
parameters are not met (i.e. where
disinfectant levels are low or where 
temperatures are below 50°C (55°C in
healthcare premises) for HWS or exceed 
20°C for cold water systems);

• from areas subject to low usage, 
stagnation, excess storage capacity, 
dead legs, excessive heat loss, crossflow 
from the water system or other 
anomaly.

The recommendation for testing for 
Pseudomonas aeruginosa in augmented 
care areas is that it should be undertaken 
6 monthly. There is a view that this may 
be suboptimal in protecting patients. The 
rationale for 6 monthly testing is not based 
upon scientific evidence, it is the view of a 
committee. The sensitivity of surveillance 
i.e. the ability of infection control teams 
to recognise transmission of sensitive 
strains of Pseudomonas aeruginosa from 
water systems to patients, has been shown 
to be less than ideal. Thus transmission, 
especially with sensitive strains outside of 
the neonatal area (where there should be a 
zero tolerance) is likely to go unrecognised 
in adult augmented areas (adults may bring 
this organism onto the unit as part of their 
own normal flora – no baseline has been 
set for this, making it difficult to distinguish 
acquisition from the unit environment). Add 
to this that a single mistake for instance 
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by a cleaner, using a contaminated cloth 
to clean the end of an outlet may result in 
transmission, then 6 monthly testing could 
permit a large number of transmission 
events to go undetected. Therefore some 
highly acknowledged individuals in the 
field of water are recommending more 
frequent testing initially, and if the results 
are negative gradually prolonging the time 
between tests. Allowing for knowledge of 
the local water systems to be built up.

Testing the quality of water from point 
of use filters may seem counterintuitive. 
However incorrect installation or cleaning 
practices may lead to contamination of the 
water as it leaves the filter. From experience 
I have seen a number of occasions where 
such testing has revealed issues and would 
recommend that it is considered as part of 
an audit process when filters are deployed 
for organisms such as pseudomonas. In 
such a situation taking pre-flush samples 
and performing a total viable count is 
recommended. Such practices might be 
warranted when choosing to use a new 
brand of filter.
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Table 1

Opportunistic Pathogens of Premise Plumbing

Gram negative bacteria
• Pseudomonas aeruginosa
• Pseudomonas putida-P. fluorescens
• Burkholderia cepcia complex (B. cepacia, B. cenocepacia, at least 8   
other genomospecies)
• Cupriavidus (Ralstonia) pauculus
• Herbaspirillium
• Methylobacterium spp
• Ralstonia pickettii, Ralstonia mannitolilytica
• Sphingomonas paucimobilis, Sphingomonas mucosissima, other 
Sphingomonas spp
• Stenotrophomonas maltophilia
• Acinetobacter baumannii, complex A. calcoaceticus
• Alcaligenes xylosoxidans, A. faecalis
• Aeromonas hydrophila, Aeromonas spp
• Elizabethkingia anophelis, E. meningosepticum
• Legionella pneumophila

Non-fecal coliforms
• Enterobacter cloacae
• Klebsiella spp
• Pantoae aggloerans
• Rahnella aquatilis
• Serratia liquifaciens, Serratia marcescens

Nontuberculous mycobacteria (NTM or Environmental 
Mycobacteria)

Other bacteria/actinomyces
• Microbacterium spp
• Tsukamurella spp
• Rhodococcus equi, Rhodococcus spp
• Gordonae spp

Fungi
• Yeasts (e.g. Candida parapsilosis, C. tropicalis)
• Aspergillus fumigatus, A. niger
• Fusarium spp
• Exophiala spp

Protozoa
• Acanthamoeba spp
• Vermamoeba vermiformis
• Naegleria spp




