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Abstract

Background: Frequent testing for Legionella concentration in water is required by most health risk monitoring organizations
worldwide. Domestic hot water and cooling tower water networks must be regularly controlled to prevent Legionnaires’
disease, a potentially deadly lung infection. MICA Legionella is the fastest culture-based detection method for all serogroups
of Legionella pneumophila, with automatic enumeration in 48 h and no need for confirmation.
Objective: This study compares the performance and robustness of MICA Legionella with the reference method ISO 11731:2017
for the enumeration of culturable L. pneumophila.
Methods: MICA Legionella and ISO 11731:2017 results were compared for domestic hot water and cooling tower water.
Inclusivity and exclusivity were tested on reference and environmental strains. Ruggedness, lot-to-lot consistency, and
stability of the reagents kit were also studied.
Results: Enumeration of L. pneumophila by MICA Legionella was statistically equivalent to ISO 11731:2017 in both matrixes. In cooling
tower waters, MICA Legionella showed better sensitivity than ISO 11731:2017. It presented a 94% sensitivity and a 97% specificity.
Conclusion: MICA Legionella is a highly sensitive and specific method for culturable L. pneumophila enumeration. It presents,
in 48 hours, equivalent or better results than ISO 11731:2017. Its protocol is robust to variations. Its reagents kit is stable for
up to 18 months.
Highlights: MICA Legionella is a robust and reliable method for the enumeration of culturable L. pneumophila in domestic and
cooling tower water. It reduces significantly the number of sample pretreatments required in ISO 11731:2017. Automatic
identification and enumeration of L. pneumophila microcolonies eliminates the requirement to have skilled analysts and
limits the results variability. It also greatly reduces the time to results to 48 h instead of 7–10 days with ISO 11731:2017 while
providing statistically equivalent results.
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General Information

Legionnaires’ disease is a potentially fatal lung infection due to
pathogenic bacteria that develop in hot water systems and cool-
ing tower systems. According to the Center for Disease Control
an Prevention (CDC) (1), about one out of every ten people who
gets sick with Legionnaires’ disease will die due to complica-
tions from their illness (2); for those who get Legionnaires’ dis-
ease during a stay in a healthcare facility, about one out of
every four will die (3). The infection is contracted via inhalation
of small aerosols of contaminated water. The vast majority of
cases are due to Legionella pneumophila (4, 5), mostly from
serogroup 1, but also from other serogroups (8 to 15% of the
infections by L. pneumophila are due to serogroups other than
serogroup 1; 5–8). Importantly, Legionnaires’ disease is com-
monly diagnosed by a urinary antigen test specific to L. pneumo-
phila serogroup 1, leading to underdiagnosis for other
serogroups (5, 8). The number of infections is increasing every
year due to climate change and increased population density in
urban areas; it has, for example, increased by 220% in Europe
and by 550% in the United States since 2005 (9, 10). Moreover,
the number of cases is potentially greatly underestimated (4).

Regular monitoring of the presence of L. pneumophila in hot
water and cooling tower systems is the major strategy used to
limit the occurrence of outbreaks. It is required (or at least
highly recommended) by most health risk monitoring organiza-
tions worldwide (11–17). However, the standard, culture-based
methods, such as ISO 11731:2017, require up to 10 days to deter-
mine the presence of this bacterium in a water system (18). This
delay considerably limits the frequency of the tests. It also
means that the effectiveness of any treatment can only be
known 10 days after the treatment, leading to shutdowns of wa-
ter systems for longer than needed. Additionally, this standard
method is time-consuming and needs expert-trained techni-
cians for identification of Legionella, leading to interpretation
differences between technicians depending on their experience
(19). Another drawback of ISO 11731:2017 is the number of dif-
ferent pretreatment and culture plates it requires. As the
Legionella culture plates are not highly selective, pretreatment of
the sample with acid and heat shock is often necessary to re-
duce the number of interfering organisms. The plating of the
different combinations of these pretreatments on different dilu-
tions of the sample requires several plates per sample, which
weighs on the time and cost of the analysis. Methods allowing
fast and reliable detection and quantification of L. pneumophila
would greatly improve the risk management and have a major
impact on the incidence of legionellosis (20).

Principle

MICA Legionella is a detection method allowing detection of cul-
turable microcolonies of L. pneumophila at 48 h of growth instead
of 10 days in the standard procedures such as ISO 17731:2017.
The original water sample is concentrated by membrane filtra-
tion as in the standard procedure. The membrane is then laid
over a drop of culture supplement on a standard selective
Legionella agar plate [Glycine, Vancomycin, Polymyxin B,
Cycloheximide (GVPC)]. This culture supplement contains
Diamidex’s patented molecule, a precursor of legionaminic acid
coupled with the bio-orthogonal azido group (pLeg-N3; 21).
Legionaminic acid is a specific component of the O-antigen of L.
pneumophila, so the molecule will be specifically internalized by
growing L. pneumophila and integrated in their O-antigen on the
surface of the cells. After 48 h of bacterial growth, the

membrane is transferred onto a drop of tagging solution con-
taining a fluorescent molecule that will bind by click chemistry
specifically onto the bio-orthogonal azido group, i.e., the la-
belled L. pneumophila. This specific fluorescent tagging allows
the CFU to be automatically detected at the microcolony stage
by solid-phase cytometry using the MICA microcolony counter
which will perform a high-resolution scan of the membrane.
The MICA Legionella AI (artificial intelligence) analyzer then uses
multiple parameters to specifically identify L. pneumophila

microcolonies (as low as 2 CFU per test portion) and gives a re-
sult as a concentration of L. pneumophila in the original sample.
For a better reproducibility, the MICA software provided with
the microcolony counter provides a step-by-step protocol guide,
including control of the incubation times and reagent traceabil-
ity. The guidance and analysis by the software allows the MICA
Legionella method to be used by anyone.

This validation study was conducted under the AOAC
Research Institute Performance Tested MethodSM program and fol-
lows the AOAC INTERNATIONAL Methods Committee Guidelines

for Validation of Microbiological Methods for Food and Environmental

Surfaces (22). Method developer studies were conducted in the
laboratories of Diamidex, and included the inclusivity/exclusiv-
ity study, matrix studies for all claimed matrixes, product con-
sistency and stability studies, and robustness testing. The
independent laboratory study was conducted by Q Laboratories
(MicroVal expert lab, accredited ISO 17 025) and included a ma-
trix study for cooling tower water.

Scope of Method

(a) Target organisms.—L. pneumophila, all serogroups
(b) Matrixes.—Hot domestic/tap water and cooling tower water
(c) Summary of validated performance claims.—The MICA Legionella

for L. pneumophila is a simple and fast kit, which detects and
counts only L. pneumophila bacteria capable of being cultivated
(similar to regulatory procedure NF T90-431 or ISO 11731:2017)
in samples of select environmental and domestic waters. The
sensitivity (inclusivity) of MICA Legionella was found to be 94%
and specificity (exclusivity) 97%. Performance of the kit is
equivalent to ISO 11731:2017 for the enumeration of L. pneumo-

phila in hot domestic water and can be better than ISO
11731:2017 on cooling tower water.

Definitions

(a) Repeatibility standard deviation (sr).—Standard deviation of
replicates for each strain at each concentration of each ma-
trix for each method.

(b) Bias.—Bias is the difference between the candidate method
mean result and the true value or reference method value,
[meancandidate � known spike] or [meancandidate �
meanreference].

(c) Selectivity.—Ability of the method to detect analyte without
interference from matrix or other components with similar
behavior.

(d) Sensitivity.—Probability of the method giving a positive re-
sponse when the sample is truly without analyte.

(e) Specificity.—Probability of the method giving a negative re-
sponse when the sample is truly without analyte.

(f) Repeatability.—Precision where independent test results are
obtained with the same method on equivalent test items in
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the same laboratory by the same operator using the same
equipment within a short interval of time.

(g) RSD.—The ratio of the standard deviation to the mean, of-
ten reported as a percentage.

(h) Confidence interval (CI).—A confidence interval displays the
probability that a parameter will fall between a pair of val-
ues around the mean. Confidence intervals are calculated
at the 90 and 95% levels.

(i) Statistical equivalence.—The acceptance criterion for statisti-
cal equivalence is that the 90% CI of the bias between the
methods falls within �0.5, 0.5.

Materials and Methods
MICA Legionella Test Kit Information

(a) Kit name.—MICA Legionella Detection Kit.
(b) Cat. No.—00 917 (for laboratories) or 00 916 (includes sterile

distilled water, pipet tips, etc. for non-laboratory
customers).

(c) Ordering information.—DIAMIDEX, Grand Luminy Technopole,
Zone Luminy Entreprise Biotech, Case 922, 163 Avenue de
Luminy, 13288 Marseille Cedex 09, France, contact@diami-
dex.com, telþ33 (0)6 61 93 49 29.

MICA Legionella Test Kit Components (Figure 1)

(a) Filtration membranes.—48 mm diameter, with a tab for ori-
entation. PVDF (polyvinylidene fluoride), white, 0.45 mm
pore size.

(b) Reagent A.—Freeze-dried culture supplement containing
Diamidex’s patented molecule for specific labelling of L.
pneumophila. Storage between þ4�C and þ8�C.

(c) Reagent B.—Freeze-dried tagging solution. Storage between
þ4�C and þ8�C.

(d) Reagent C.—pH 2 Solution for acid treatment of the sample,
as in ISO 11731:2017.

(e) Reagent D.—Sterile water for washing Reagent C.
(f) Fiberglass pads.—Provide a proper surface for the tagging

step.
(g) Concentrated wash buffer.—11X Concentrated buffer to wash

away excess tagging solution. Storage between þ4�C and
þ8�C.

(h) Sterile distilled water vials, 10 mL.—For hydration of the
membrane during the scan.

(i) Labels.—For printing the sample QR codes.

Additional Supplies and Reagents for the MICA Legionella
Test Kit

(a) Sterile distilled water.—Available as part of the all-in-one
version of the MICA Legionella detection kit, Cat. No 00 916.

(b) Agar plates.—GVPC agar plates, Thermo Scientific Oxoid,
Cat. No. PO5074A for the internal studies; Hardy
Diagnostic buffered charcoal yeast extract (BCYE) selec-
tive agar plates with GPCV, ref. W169, for the external
study. Other agars can also be used, such as KANTO
CHROMagar (ref. 717592-1), Bio-Rad (Cat. No. 3563717) or
Liofilchem (Cat. No. 10128).

(c) Disinfection solution.—Effective against Legionella and non-
corrosive for the equipment, for example, hydrogen perox-
ide at 6% or ethanol at 70%. An adequate disinfectant can
be supplied as part of the all-in-one version of the MICA
Legionella detection kit.

Apparatus for MICA Legionella (Figure 2)

(a) MICA microcolony counter with reading cassettes.—Diamidex,
Cat. No. 00 877.

(b) MICA Legionella software.—Diamidex, Cat. No. 01 037.
(c) Microcolony counter accessory set.—Barcode scanner, label

printer, USB hub and touch pen. Diamidex, Cat. No. 01 108.
(d) MICA washing bench.—Diamidex, Cat. No. 00 755.
(e) MICA tagging tray.—Diamidex, Cat. No. 00 721.

Figure 1. Packaging of the kit reagents. Packaging of the all-in-one version of the MICA Legionella detection kit
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(f) MICA Petri dish holders.—Diamidex, Cat. No. 01 002.
(g) Filtration manifold with filtration units and pump.—Up to six fil-

tering positions, filtration units containing at least 20 mL
Diamidex, Cat. No. 00 878 (or equivalent).

(h) Incubator.—Suitable for cultures, capable of maintaining
37 6 1�C, Diamidex, Cat. No. 00 903 (or equivalent).

(i) Incubator.—Suitable for heat treatment, capable of main-
taining 52 6 1�C, Diamidex, Cat. No. 01 183 (or equivalent).

(j) Incubator.—Suitable for tagging incubation, capable of
maintaining 30 6 1�C, Diamidex, Cat. No. 00 913 (or
equivalent).

(k) Precision pipets.—Capable of dispensing 500 and 700 mL,
Diamidex Cat. No. 00 904 and 00 905 (or equivalent).

(l) Filtered micropipette tips.—To use with the precision pipets.
(m) Tweezers.—Suitable for handling membranes, Diamidex

Cat. No. 00 821 (or equivalent).
(n) Dispensers.—Capable of dispensing 5 and 10 mL volumes,

resistant to low pH, Diamidex Cat. No. 01 030 and 01 031 (or
equivalent).

(o) Refrigerator.—Capable of maintaining 2–8�C, Diamidex Cat.
No. 00 883 (or equivalent).

Reference Materials

Bacterial strains for this study were obtained from ATCC (23),
DSMZ (24), the Pasteur Institute (25), or characterized by the
CNR-L (26). All strains used in this study are listed in Tables 1
and 2.

General Preparation for MICA Legionella

Apart from the apparatus setup, the MICA software guides the
user through the entire protocol, from the preparation of the
reagents to the final results. Step-by-step instructions (Figure 2,
panel D) with videos are available to ensure that mistakes are
prevented and to provide traceability of the process. This also
includes countdowns for all incubations, scanning of the QR
codes or barcodes of all reagents and samples, as well as alerts
when the reagents are used up or out of date.

(a) Assemble the filtration manifold according to the manufac-
turer’s instructions.

(b) Assemble the MICA washing bench according to the manu-
facturer’s instructions

Figure 2. Specific apparatus. (A) MICA microcolony counter and its accessories (label printer, scanning gun, reading cassettes). (B) MICA tagging tray (lower left) and

washing bench. (C) MICA filtration manifold (other types of filtration manifolds can also be used). (D) Screenshot from the step-by-step protocol in the MICA software.
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(c) Set up the temperature of the incubators at least 30 min
ahead of time to allow for equilibration at the desired tem-
perature (culture incubator at 37�C, heat treatment incuba-
tor at 52�C if necessary, tagging incubator at 30�C).

(d) Rehydrate Reagents A and B from the MICA Legionella test
kit according to the manufacturer’s instructions.

Sample Preparation for a MICA Legionella Analysis

(a) Using the MICA software, enter the requested information
for each water sample to be analyzed.

(b) Scan or enter the batch numbers requested by the MICA
software for the following items: GVPC agar plates, vial A,
vial B, membrane filters, and bottle C (pH 2).

(c) Print a label for each sample to be analyzed and attach it to
the bottle.

(d) Print a second label for each sample and attach it to the
corresponding GVPC agar plate.

(e) Filter 20 mL of the test sample using the MICA filtration
membrane.

(f) Apply a pH 2 treatment: add 5 mL Reagent C (pH 2 solution)
over the filtration membrane, incubate for 5 mins at room
temperature (countdown on the software), eliminate
Reagent C by filtration, then add 10 mL sterile distilled wa-
ter to wash away the pH 2 solution and eliminate by
filtration.

Analysis of the Sample with MICA Legionella

(a) Labelling and culture step.
(1) Put a 500 mL drop of Reagent A onto a GVPC plate.
(2) Lay the filtration membrane (filtered bacteria facing

up) over the drop of Reagent A.
(3) Arrange the GVPC plate inverted in the numbered

Petri dish holder indicated by the software.
(4) For cooling tower water samples only: incubate the

plate upside down at 52�C for 45 min.
(5) Incubate the plate upside-down for 48h. This step

allows for the formation of microcolonies of L. pneumo-
phila and their labelling by Diamidex’s patented
molecule.

(6) Follow the prompts in the software to decontaminate
the equipment.

(b) Tagging step.
(1) After incubation is complete, remove the indicated

numbered Petri dish holder from the incubator and
scan the label on each plate.

(2) Lay a fiberglass pad into the tagging tray and soak it
with 700 mL Reagent B.

(3) Lay the filtration membrane (with the microcolonies
facing up) over the soaked fiberglass pad.

(4) Incubate for 15 min at 30�C, following the countdown
on the software. This step tags the microcolonies
with a fluorescent molecule, via a click-chemistry re-
action to bind the fluorescent molecule to the
Diamidex-patented molecule bound to the bacteria.

(5) During the 15 min incubation, prepare the washing
bench: pour into the trough a vial (50 mL) of concen-
trated wash buffer and 500 mL sterile distilled water,
then start the pump of the washing bench at 50 rpm
(rotations per min).

(6) At the end of the 15 min incubation, transfer the fil-
tration membrane onto the washing bench

(microcolonies still facing up), and allow for 15 min
of washing to eliminate excess fluorescent molecules
(countdown on the software).

(7) Lay three drops of sterile distilled water onto a read-
ing cassette and transfer the filtration membrane
onto the cassette, microcolonies facing up, taking
care to avoid air bubbles under the membrane.

(8) Read the membrane on the cassette with the MICA
microcolony counter.

(9) Transfer the membrane to its respective GVPC plate
and dispose of according to laboratory procedures for
decontaminating biohazardous waste or disinfect
with bleach before disposal.

(10) Follow the prompts in the software to decontaminate
the equipment.

(11) The result is displayed on screen in the MICA soft-
ware as CFU/L. Confirmation is unnecessary.

Calculations, Interpretation, and Test Result Report of MICA
Analyses

The AI analyzer integrated in the MICA software automatically
identify microcolonies of L. pneumophila on the membrane based
on a multi-parametric analysis and directly gives a concentra-
tion of L. pneumophila in the water sample (in CFU/L). No human
interpretation or calculation is needed, reducing the inter-user
variability, and giving more reproducible results. The results are
stored in the MICA software and can be accessed at any time
there or exported as a csv file or as pdf analysis reports.
Traceability sheets are also available for each analysis.

Enumeration of L. pneumophila following ISO 11731:2017

Briefly, for ISO 11731 analyses of hot domestic water, each test
portion is split into three parts. One part, 0.2 mL, is plated with-
out treatment on a GVPC plate. The other two parts, respectively
10 and 100 mL, are concentrated by filtration; the filtration
membrane is then covered by 5 mL pH 2 solution and incubated
for 5 min; after filtering out the pH 2 solution, the membrane is
rinsed with 10 mL sterile distilled water; finally, the membrane
is transferred onto a GVPC agar plate. For analyses of cooling
tower water, each test portion is split into three parts. Two
parts, respectively of 0.02 and 0.2 mL are directly plated by
spreading onto GVPC agar plates. The other part, 50 mL, is con-
centrated by filtration and resuspended in sterile phosphate
buffer. The concentrate obtained is then split into three parts.
One part (0.1 mL) is plated untreated onto a GVPC plate, another
part is incubated at 50�C for 30 min before plating 0.1 mL onto a
GVPC plate, and the last part is diluted by half with pH 2 solu-
tion and incubated for 5 min at room temperature before plating
onto a GVPC plate. For both sample types, all GVPC plates are
then incubated at 37�C and read at 3 and 7 days. Suspected
Legionella colonies are confirmed by a latex agglutination test
(Oxoid). According to ISO 11731, for each sample test portion,
the plate giving the highest density per liter is used for the final
result.

For the independent laboratory study (on cooling tower wa-
ter only), the sample is divided into three portions: one portion
is direct plated (0.1 mL) onto GVPC agar; the second portion is
used for a 1:10 dilution in pH 2 acid treatment solution prior to
plating; and the third portion is used for heat treatment at
50 6 1�C for 30 6 0.5 min prior to plating. Additionally, 50 mL of
bulk inoculated sample is filter concentrated and the filter
washed in 5 mL phosphate-buffered saline (pH 7.5) and plated
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untreated, acid treated, and heat treated, as previously de-
scribed. All GVPC plates are incubated at 36 6 2�C for 7 to 10
days. The plates are observed for suspect L. pneumophila colonies
at Day 4 and on the final day of incubation. Typical colonies are
enumerated, and the results recorded.

Sampling of Matrixes for the Matrix Study

The sample of cooling tower water and the sample of hot do-
mestic water matrix were collected following ISO 19458 (27)

Cooling tower water samples were too small individually, so
they were pooled from different locations to obtain mixed sam-
ples of the required volume. All samples were screened using
ISO 11731 and no natural Legionella contamination was found.

Artificial Sample Contamination

Due to the low frequency of water samples contaminated by L.
pneumophila, all samples in this study are artificially contami-
nated. A stock culture stored at �70�C is streaked onto a GVPC
agar plate. The plate is then incubated at 37�C for 3 to 4 days. A
Legionella liquid medium is prepared freshly (10 g/L yeast ex-
tract, supplemented with BCYE supplement SR0110A from
Oxoid) and inoculated from the agar plate. This liquid culture is
grown overnight at 37�C with shaking at 160 rpm before diluting
at the appropriate concentration in the water matrix. Serial
dilutions of the liquid culture are plated onto GVPC agar plates
to determine the theoretical inoculation concentration in the
water matrix.

For the independent laboratory matrix study, the matrix is
artificially contaminated with L. pneumophila serogroup 1, ATCC
33152. The culture is propagated on BCYE agar from a stock cul-
ture stored at �70�C. The BCYE agar plate is incubated at
37 6 1�C for 72–96 h before transferring a single colony to
Legionella enrichment broth (Sigma Aldrich) and incubating
statically at 37 6 1�C for 96 6 4 h. Serial dilutions of the culture
are prepared to achieve the target concentrations.

Statistical Analysis for This Study

To allow reliable statistical analysis as well as a clear graphical
presentation of the results, all results, initially in CFU/L, are
converted to log10, with an offset of þ1 to accommodate the
zeros in the data set. When comparing results obtained from
two different methods, they are considered significantly differ-
ent if the 95% confidence interval of the bias extends outside of
the �0.5 to þ0.5 range, according to the recommendations of
AOAC.

Results and Discussion
Inclusivity

To determine the sensitivity of MICA Legionella, 35 different
strains of L. pneumophila were tested with MICA Legionella
(Table 1). Approximately 103 to 5� 103 cells were used to artifi-
cially contaminate 20 mL test portions of sterile phosphate
buffer. The artificially contaminated test portions were proc-
essed with MICA Legionella and the results were compared with
the theoretical inoculation density (Table 1). Out of the 35 tested
L. pneumophila strains, 33 (94%) were correctly detected, covering
all serogroups. The only two exceptions were from L. pneumo-
phila serogroup 7 (strains Nos.19 and 23) for which four other
strains were properly detected. Serogroup 7 is a very poorly

represented serogroup both in infection cases and in the envi-
ronment (6, 28, 29). Lower identification of this serogroup can be
explained by an atypical composition of the O-antigen of this
serogroup (21).

Exclusivity

To determine the specificity of MICA Legionella, 16 non-pneumo-
phila Legionella strains and 13 non-Legionella strains, chosen
among possible water background flora, were tested with MICA
Legionella (Table 2). Approximately 104 to 5� 104 cells were used
to artificially contaminate 20 mL test portions of sterile phos-
phate buffer. The artificially contaminated test portions were
processed with MICA Legionella (Table 2). Results are summa-
rized in Table 2.

Out of 29 tested Legionella non-pneumophila and background
water-borne organisms, 28 (97%) correctly produced negative
results, while only one produced a positive result. This strain,
Legionella norrlandica (strain No. 48), was isolated in 2015 from
the biopurification system of wood processing plants in
Sweden. It is closer to L. pneumophila than the other known
Legionella non-pneumophila species and contains most of the vir-
ulence genes of L. pneumophila, in particular its cell wall struc-
ture (30), which explains its detection by MICA Legionella. It is
classified as a class-2 pathogen, as is L. pneumophila, and its
presence in the water systems should be treated as is the pres-
ence of L. pneumophila. Thus, getting a positive result for this
strain is more of an advantage than a trouble as its presence
should lead to the same treatment as L. pneumophila.

Method Developer Matrix Study

The results of MICA Legionella were compared with that of the
standard reference method ISO 11731:2017 on two different ma-
trixes: domestic hot water and cooling tower water. The hot do-
mestic water matrix did not contain background flora growing
on GVPC at 37�C, while the cooling tower water contained 7 �
106 CFU/L of background flora growing on GVPC at 37�C.
Artificial contamination of the matrixes was performed using
liquid cultures of L. pneumophila serogroup1 (strain No. 5) and L.
pneumophila serogroup 6 (strain No.15), respectively, for the cool-
ing tower water and the hot domestic water, at low level (�103

CFU/L), medium level (�104 CFU/L) and high level (�105 CFU/L).
The theoretical inoculation density was estimated by plating se-
rial dilutions of each culture. MICA Legionella and ISO 11731:2017
analyses were both started on the day of the inoculation. Five
test portions of each contamination level and of the uncontami-
nated matrixes were tested with both methods.

Results in CFU/L are converted to log10 before statistical
analysis and comparison. They are summarized in Table 3 and
Figure 3 and detailed in Supplementary Table 1.

From domestic hot water, both methods showed very low
standard deviation on positive samples, ranging from 0.01 to 0.1
log unit for both methods, indicating a very good reproducibility
of the methods. Importantly, the correlation of the results of the
two methods is very high (correlation coefficient R2¼ 0.99,
Figure 3, panel A), indicating that MICA Legionella gives similar
results to ISO 11731:2017 on domestic hot water.

From cooling tower water, ISO 11731:2017 shows a very high
variability: the standard deviation on positive samples ranges
from 0.18 to 1.6 log unit, with two false-negative results on the
low-level contamination, due to background flora growth over
the entire agar plates. On the other hand, MICA Legionella results
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show low standard deviations ranging only from 0.16 to 0.25 log
units, without any false negatives. Comparison of each method
with the theoretical inoculation level of the cooling tower water
(Figure 3, panels C and D) shows that MICA Legionella provides
results closer to the theoretical inoculation level than ISO
11731:2017 (R2¼ 0.99 vs R2¼ 0.80).

It is striking that the new MICA Legionella method performs bet-
ter than the gold standard ISO 11731:2017 on this more complex
matrix, but it is easily explained. Indeed, with such a matrix con-
taining a high amount of background flora, when the plates are
read for ISO 11731:2017 after 3 to 10 days of incubation they are of-
ten covered up on large parts by the background flora, hiding an
unknown number of Legionella colonies. In contrast, when the
plates are read for MICA Legionella after only 48 h of incubation, the
background flora has not yet grown as much and they hide only a
few parts of the plates. Thus, unlike ISO 11731:2017, MICA
Legionella is not affected by the abundant background flora often
found in cooling tower waters and gives more reliable results than
ISO 11731:2017 on this type of matrix.

Independent Laboratory Matrix Study

An independent laboratory study was conducted on the most
complex of the two types of matrixes: cooling tower water. The
matrix was artificially contaminated with Legionella pneumophila

serogroup 1 ATCC 33152, originally isolated from a human, at
the following target concentrations: 5 � 102, 103, 104, 105, and
106 CFU/L. Prior to inoculation, the cooling tower water was
dosed with liquid chlorine and thoroughly homogenized to
achieve a level of 0.1 ppm (parts per million, mg/L).

For the MICA Legionella test portions, 500 mL was prepared
for each contamination level and the uninoculated level. A
20 mL volume was taken for each of the five replicates from the
500 mL bulk sample for analysis. For the ISO 11731:2017 test por-
tions, 500 mL was prepared for each contamination level and
the uninoculated level. A 50 mL volume was taken for each of
the five replicates from the 500 mL bulk sample for analysis in
addition to the aliquots required for direct plating and
pre-treatment.

Table 1. Inclusivity strains and results

No. Serogroup L. pneumophila straina

MICA result,
log10 L. pneumophila/L

Numeration by plating,
log10 CFU/L Biasb Detectionc

1 1 ATCC 33152 5.29 6.25 �0.96 þ
2 1 CIP 107629 4.88 4.76 0.13 þ
3 1 CIP 108286 5.32 4.56 0.77 þ
4 1 CIP103854T 4.90 6.23 �1.34 þ
5 1 CIP105349 5.24 5.11 0.13 þ
6 1 Environmental D131 5.20 5.01 0.19 þ
7 1 Environmental D138 5.08 4.67 0.40 þ
8 1 Environmental D139 5.13 4.72 0.41 þ
9 1 Environmental D17 5.14 4.79 0.34 þ
10 1 Environmental D20 5.01 4.75 0.26 þ
11 2 CIP103856 4.95 5.05 �0.10 þ
12 3 CIP103857 5.17 5.30 �0.13 þ
13 4 Environmental D15 5.14 4.94 0.20 þ
14 5 Environmental D16 5.07 4.72 0.36 þ
15 6 Environmental D18 5.30 5.15 0.15 þ
16 6 Environmental D47 4.21 5.35 �1.14 þ
17 6 Environmental D48 5.07 4.94 0.13 þ
18 6 Environmental D46 5.03 4.78 0.25 þ
19 7 CIP 103861 0.00 5.03 �5.03 �
20 7 Environmental D52 4.96 4.73 0.23 þ
21 7 Environmental D53 2.51 4.79 �2.28 þ
22 7 Environmental D54 4.74 4.89 �0.15 þ
23 7 Environmental D50 0.00 4.77 �4.77 �
24 7 Environmental D51 4.90 4.86 0.05 þ
25 8 Environmental D122 5.14 4.91 0.23 þ
26 9 CIP103863 5.06 5.08 �0.02 þ
27 10 Environmental D124 4.51 4.80 �0.29 þ
28 11 Environmental D125 5.50 4.65 0.85 þ
29 12 Environmental D169 5.49 4.62 0.87 þ
30 13 DSM 25225 5.23 5.19 0.04 þ
31 14 CIP 103869 5.06 5.01 0.06 þ
32 15 Environmental D129 4.80 4.67 0.13 þ
33 2–14 Environmental D140 5.25 5.01 0.24 þ
34 4,5,8,10 Environmental D141 5.09 4.87 0.22 þ
35 6 Environmental D142 5.22 4.95 0.27 þ

a All strains are L. pneumophila. Strain numbers preceded by ATCC are from the ATCC collection, by CIP from the Pasteur Institute collection, by DSM from the DSMZ col-

lection. Environmental strains were characterized by the CNR-L.
b Calculated as the difference between the MICA result and the numeration by plating.
c A strain is considered as being detected if the MICA reading gives a positive result (>100 CFU/L).
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Table 3. Matrix study results

Matrix

Artificial
contamination
density, CFU/L na

MICA ISO

Biasc 95% CId 90% CIdMean, log10 CFU/L sr
b Mean, log10 CFU/L sr

Domestic hot water 0 5 0.000 0.000 0.000 0.000 0.000 (0.000, 0.000) (0.000, 0.000)
Low (�103) 5 2.701 0.094 2.864 0.080 �0.163 (�0.316, �0.010) (�0.268, �0.059)

Medium (�104) 5 4.046 0.048 3.755 0.034 0.291 (0.218, 0.364) (0.241, 0.341)
High (�105) 5 4.988 0.014 4.731 0.107 0.257 (0.122, 0.391) (0.154, 0.360)

Cooling tower water 0 5 0.000 0.000 0.000 0.000 0.000 (0.000, 0.000) (0.000, 0.000)
Low (�103) 5 2.817 0.248 1.801 1.650 1.016 (�1.056, 3.088) (�0.691, 3.522)

Medium (�104) 5 3.664 0.209 4.202 0.295 �0.538 (�0.987, �0.089) (�0.844, �0.232)
High (�105) 5 4.820 0.160 4.624 0.181 0.196 (�0.104, 0.496) (�0.009, 0.401)

Cooling tower watere 0 5 0.000 0.000 0.000 0.000 0.000 (0.000, 0.000) (0.000, 0.000)
Very low (�5� 102) 5 3.090 0.289 4.311 0.216 �1.22 (�1.60, �0.84) (�1.53, �0.92)

Low (�103) 5 4.117 0.059 4.181 0.165 �0.064 (�0.27, 0.14) (�0.23, 0.10)
Medium (�104) 5 4.136 0.087 4.451 0.164 �0.315 (�0.52, �0.11) (�0.48, �0.15)

High (�105) 5 5.007 0.050 5.146 0.136 �0.139 (�0.31, 0.03) (�0.27, �0.008)
Very high (�106) 5 5.558 0.238 6.363 0.049 �0.805 (�1.06, �0.55) (�1.00, �0.60)

a n ¼ Number of replicates.
b Sr ¼ Repeatability standard deviation.
c Bias: difference of mean (MICA�ISO).
d CI ¼ Confidence interval of the bias.
e Independent laboratory matrix study.

Table 2. Exclusivity strains and results

No. Species Straina

MICA result,
log10 (Lp/Lþ 1)b

Numeration by plating,
log10 (CFU/Lþ 1) Detectionc

36 Legionella anisa CIP103870T 0.00 6.64 �
37 Legionella bozemanii Environmental D25 0.00 6.42 �
38 Legionella cincinnatiensis Environmental D31 0.00 6.76 �
39 Legionella feeleii HL 0418 4001 D26 0.00 7.82 �
40 Legionella geestiana DSM-21217 0.00 8.06 �
41 Legionella gormanii Environmental D30 0.00 6.61 �
42 Legionella jordanis Environmental D27 0.00 7.01 �
43 Legionella longbeachae Environmental D29 0.00 6.64 �
44 Legionella maceachernii Environmental D23 0.00 7.66 �
45 Legionella micdadei Environmental D24 0.00 8.02 �
46 Legionella moravica DSM-19234 0.00 6.61 �
47 Legionella. nagasakiensis DSM-24727 0.00 8.04 �
48 Legionella norrlandica DSM-105104 5.20 6.98 þ
49 Legionella spiritensis DSM-19324 0.00 7.07 �
50 Legionella tucsonensis Environmental D28 0.00 6.93 �
51 Legionella waltersii DSM-21908 0.00 6.94 �
52 Acinetobacter baumanii ATCC 19606 0.00 6.18 �
53 Bacillus cereus ATCC 14579 0.00 6.48 �
54 Candida albicans ATCC 10231 0.00 5.57 �
55 Citrobacter freundii ATCC 8090 0.00 6.34 �
56 Escherichia coli Migula ATCC 8739 0.00 6.25 �
57 Enterococcus faecelis ATCC 19433 0.00 6.07 �
58 Listeria monocytogenes ATCC 35152 0.00 7.84 �
59 Pseudomonas aeruginosa ATCC 10145 0.00 6.36 �
60 Pseudomonas fluorescens ATCC 13525 0.00 7.05 �
61 Staphylococcus aureus ATCC 6538 0.00 6.04 �
62 Staphylococcus epidermidis ATCC 12228 0.00 6.38 �
63 Klebsiella pneumoniae ATCC 13883 0.00 6.16 �
64 Salmonella typhimurium ATCC 13311 0.00 6.47 �

a Strain numbers preceded by ATCC are from the ATCC collection, by CIP from the Pasteur Institute collection, by DSM from the DSMZ collection. Environmental strains

were characterized by the CNR-L.
b For exclusivity strains the result given by MICA Legionella should be 0.
c A strain is considered as being detected if the MICA reading gives a positive result (>100 CFU/L).
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Results are summarized in Table 3 and Figure 4 and detailed
in Supplementary Table 1. The 90% confidence interval of the
bias between the two methods fell between �0.5 to 0.5 log10 for
each concentration indicating equivalence between the two
methods. The repeatability (sr) calculated as SD, of the
Diamidex MICA Legionella pneumophila kit and the reference
method was determined for the cooling tower matrix.

The MICA Legionella pneumophila kit proved to be a more
rapid, reliable, and sensitive culture method when compared to
the ISO 11731:2017 reference standard for enumeration of L.
pneumophila in cooling tower water. The results of the statistical
analysis using the difference of means with calculated 90/95%
confidence intervals indicated equivalence between the MICA
Legionella pneumophila kit and the reference standard in three of
the five artificial contamination levels analyzed: low, medium,
and high. For the very low and very high concentration levels
the results of the statistical analysis demonstrated a statisti-
cally significant increase in the sensitivity of the MICA Legionella
method over the ISO 11731 culture method.

Robustness

To assess the robustness of the MICA Legionella method, varia-
tions of three key parameters were tested (Table 4) and the
analysis results compared with the recommended conditions
(see Supplemental Information for details).

The results proved that MICA Legionella is resilient to most
tested variations of the protocol. Nonetheless, to prevent the

risk of deviation from the recommended parameters, the MICA
software does not allow shorter culture or labelling times (the
most impactful variations) and gives a warning for any incuba-
tion exceeding the tolerance margin. Thus, the combination of
the protocol resilience with the guidance provided by the soft-
ware ensures that the MICA Legionella performance is highly
robust.

Test Kit Consistency and Stability

The product consistency and stability studies were conducted
together. Three lots are tested at time point 0 for the consis-
tency study. Kits from each lot are then stored at 25�C for the
accelerated stability study and at 4�C for the real-time stability
study (see details in Supplemental Information).

At time point 0, all three tested lots give similar results, with
no significant difference from the inoculation density, indicat-
ing excellent reproducibility of the test kit.

Both the accelerated and real-time stability studies demon-
strate that the test kit is stable up to 18 months at 4�C. Further
time points (24 months, maybe more) of the real-time study will
be performed on time to check for a potential longer stability
than initially expected.

Conclusions

Since its discovery in 1976, Legionella pneumophila has been con-
sidered an important pathogen that should be monitored in
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Figure 3. Internal matrix study results. In all panels, the red lines show the �0.5 to þ0.5 interval around the perfect correlation. Dotted lines: tendency curve. (A)

Comparison of the MICA and ISO results on the domestic hot water matrix. (B) Comparison of the MICA and ISO results on the cooling tower water matrix. (C)

Comparison of the ISO results with the theoretical inoculation (as determined by plating serial dilutions of the culture used for inoculation) in cooling tower water ma-

trix. (D) Comparison of the MICA results with the theoretical inoculation in cooling tower water matrix.

Passot et al.: Journal of AOAC INTERNATIONAL Vol. 106, No. 3, 2023 | 733

D
ow

nloaded from
 https://academ

ic.oup.com
/jaoac/article/106/3/725/6839942 by U

SG
S Library user on 31 January 2024

https://academic.oup.com/jaoac/article-lookup/doi/10.1093/jaoacint/qsac150#supplementary-data
https://academic.oup.com/jaoac/article-lookup/doi/10.1093/jaoacint/qsac150#supplementary-data
https://academic.oup.com/jaoac/article-lookup/doi/10.1093/jaoacint/qsac150#supplementary-data


domestic hot water and cooling tower water. Several detection
methods have been developed, but the gold standard remains a
culture method, as in ISO 11731:2017. However, this method has
important issues, such as the long time-to-result, the high
amount of human time and number of culture plates required,
as well as the high level of training for the technicians. These
issues can be addressed by the development of new, culture-
based detection methods that must achieve the same perfor-
mance level as the standard method while allowing for a
shorter result delay (ideally 24 to 48 h) and rely as little as possi-
ble on human skills (20). Indeed, a short result delay allows a
better reactivity both in the case of a contamination and in the
case of a successful disinfection of the water system, leading to
lower sanitary risks, lower use of sanitizers, and shorter shut-
down events; a low requirement of human skills allows for bet-
ter reproducibility and reliability of the results and makes it
easier to implement the method directly on site instead of rely-
ing on expert laboratories. Diamidex developed MICA Legionella
to answer this (Table 5).

As shown in this study, MICA Legionella can detect all
serogroups of L. pneumophila and does not wrongly recognize
other species. The protocol proved robust to variations and,
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Figure 4. Independent laboratory matrix study results on cooling tower water. In all panels, the dotted red lines (smaller dots) show the �0.5 to þ0.5 interval around

the perfect correlation. Dotted black lines (bigger dots): tendency curve. (A) Comparison of the MICA and ISO results. (B) Comparison of the ISO results with the theoret-

ical inoculation level. (C) Comparison of the MICA results with the theoretical inoculation level.

Table 4. Parameters of the robustness study

Parameter
Recommended

range
Tested
range

Culture incubation duration, h 48–49 46—50
Culture incubation temperature, �C 36–38 35—39
Tagging incubation duration, min 15–17 10–30

Table 5. Comparison of the advantages of the MICA and ISO method

ISO 11731 MICA Legionella

Performance level High High
Culture-based method Yes Yes
Enumeration in CFU/L Yes Yes
Time to results Up to 10 days 2 days
Number of different

pretreatment processes
Up to 4 1

Number of different sample
volumes to be analyzed

Up to 3 1

Number of plates to be read Up to 9 1
Plate reading Manual Automatic
Confirmation step needed Yes No
Impact of background flora High Low
Risk of human mistakes High (human

identification,
counting, and
calculation)

Low (automatic
identification,
counting and
calculation,
step-by-step

user guidance)
Requirement for skilled

analysts
Yes No

Analysts training time 6 months 1 day
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additionally, the MICA legionella software reduces the risk of
deviations from the protocol by providing a step-by-step proto-
col and control of incubation time. Furthermore, the final result
does not rely on human interpretation, but instead on auto-
matic identification of microcolonies of L. pneumophila by the AI
analyzer and automatic calculation of contamination density in
the original water sample, thus reducing both the required hu-
man time and skills and the risk of human mistakes. Another
advantage is the use of a single culture plate without extra con-
firmation steps instead of up to nine initial plates plus extra
confirmation plates for the standard method, which not only
reduces the waste but also further reduces the human time and
skills needed for the analysis (Table 5).

When compared to ISO 11731:2017, MICA Legionella gives in
48 h equivalent results to the standard method in 10 days for a
simple matrix (hot sanitary water). On complex matrixes (cool-
ing tower water), MICA Legionella performs better than the stan-
dard method, thanks to the shorter culture incubation time that
makes it less sensitive to background flora interference at read-
ing time. Another advantage of this low sensitivity to back-
ground flora is that the volume of analyzed sample can be
higher for MICA Legionella than for ISO 11731:2017, which leads
to a lower LOD. In the present study, the LOD of the ISO method
on the complex matrix was 1000 CFU/L, while the LOD of MICA
Legionella was 100 CFU/L. Moreover, the LOD of MICA Legionella
could be further lowered by increasing the filtered volume.

Importantly for a routine analysis method, the MICA
Legionella test kit is reproducible from lot-to-lot and is stable at
the recommended storage temperature (4�C) for a long time, up
to 18 months according to the stability study.

Altogether, MICA Legionella can be considered as a reliable
and fast alternative to the standard methods for enumeration
of L. pneumophila in hot domestic water and cooling tower water
and has been granted PTM certification.

Acknowledgments

Submitting Companies
DIAMIDEX, Grand Luminy Technopole
Zone Luminy Entreprise Biotech
Case 922, 163 Avenue de Luminy
13288 Marseille Cedex 09, France

Independent Laboratory
Q Laboratories
Accredited ISO 17025
1930 Radcliff Dr.
Cincinnati, OH 45204, USA

Reviewers
Laura Boczek
U.S. Environmental Protection Agency
Cincinnati, Ohio, USA

Michael Brodsky
Brodsky Consultants
Thornhill, ON, Canada

Mark Carter
MC2E Consulting
Nashville, Tennessee, USA

Funding

The study was self funded by Diamidex.

Conflict of Interest

The authors declare that they have no conflict of interest.

Supplemental Information

Supplemental information is available on the J. AOAC Int.
website.

References
1. Centers for Disease Control and Prevention (2021)

Legionnaires Disease Diagnosis and Treatment, https://www.cdc.
gov/legionella/about/diagnosis.html (accessed February 4,
2022)

2. Dooling, K.L., Toews, K.-A., Hicks, L.A., Garrison, L.E.,
Bachaus, B., Zansky, S., Carpenter, L.R., Schaffner, B., Parker,
E., Petit, S., Thomas, A., Thomas, S., Mansmann, R., Morin, C.,
White, B., & Langley, G.E. (2015) MMWR Morb. Mortal. Wkly.
Rep. 64, 1190–1193

3. Soda, E.A., Barskey, A.E., Shah, P.P., Schrag, S., Whitney, C.G.,
Arduino, M.J., Reddy, S.C., Kunz, J.M., Hunter, C.M., Raphael,
B.H., & Cooley, L.A. (2017) MMWR Morb. Mortal. Wkly. Rep. 66,
584–589. doi:10.15585/mmwr.mm6622e1

4. National Academies of Sciences, Engineering, and Medicine
(2019) Management of Legionella in Water Systems, National
Academies Press, Washington, DC. doi:10.17226/25474

5. Miyashita, N., Higa, F., Aoki, Y., Kikuchi, T., Seki, M., Tateda,
K., Maki, N., Uchino, K., Ogasawara, K., Kiyota, H., &
Watanabe, A. (2020) J. Infect. Chemother. 26, 411–417. doi:
10.1016/j.jiac.2019.12.016

6. Yu, V.L., Plouffe, J.F., Pastoris, M.C., Stout, J.E., Schousboe, M.,
Widmer, A., Summersgill, J., File, T., Heath, C.M., Paterson,
D.L., & Chereshsky, A. (2002) J. Infect. Dis. 186, 127–128. doi:
10.1086/341087

7. Joseph, C.A., & Ricketts, K.D., & Collective on behalf of the
European Working Group for Legionella Infections (2010)
Euro Surveill. 15, 19493. doi:10.2807/ese.15.08.19493-en

8. Byrne, B.G., McColm, S., McElmurry, S.P., Kilgore, P.E., Sobeck,
J., Sadler, R., Love, N.G., & Swanson, M.S. (2018) mBio 9,
e00016-18. doi:10.1128/mBio.00016-18

9. ECDC Eur. Cent. Dis. Prev. Control Stockh. Swed. (2019)
Disease data from ECDC Surveillance Atlas – Legionnaires disease,
https://www.ecdc.europa.eu/en/legionnaires-disease/surveil
lance/atlas (accessed July 28, 2021)

10. Centers for Disease Control and Prevention (2022)
Legionnaires Disease History, Burden, and Trends, https://www.
cdc.gov/legionella/about/history.html (accessed February 15,
2022)

11. National Academies of Sciences, Engineering, and Medicine
(2019) Management of Legionella in Water Systems, National
Academies Press, Washington, D.C. doi:10.17226/25474

12. Directive (EU) 2020/2184 of the European Parliament and of
the Council of 16 December 2020 on the quality of water
intended for human consumption (recast) (Text with EEA rel-
evance) (2020) https://eur-lex.europa.eu/eli/dir/2020/2184/oj
(accessed February 4, 2022)

13. Public Health Law, Section 225(5)(a) (2016) N. Y. Codes Rules
Regul. Vol. A, Title 10: Part 4, https://regs.health.ny.gov/con
tent/part-4-protection-against-legionella (accessed February
15, 2022)

14. State of California—Health and Human Services Agency,
California Department of Public Health, & Title 42 Code of
Federal Regulations sections 482.42, 483.80, and 485.635 All

Passot et al.: Journal of AOAC INTERNATIONAL Vol. 106, No. 3, 2023 | 735

D
ow

nloaded from
 https://academ

ic.oup.com
/jaoac/article/106/3/725/6839942 by U

SG
S Library user on 31 January 2024

https://academic.oup.com/jaoac/article-lookup/doi/10.1093/jaoacint/qsac150#supplementary-data
https://www.cdc.gov/legionella/about/diagnosis.html
https://www.cdc.gov/legionella/about/diagnosis.html
https://doi.org/10.15585/mmwr.mm6622e1
https://doi.org/10.17226/25474
https://doi.org/10.1016/j.jiac.2019.12.016
https://doi.org/10.1086/341087
https://doi.org/10.2807/ese.15.08.19493-en
https://doi.org/10.1128/mBio.00016-18
https://www.ecdc.europa.eu/en/legionnaires-disease/surveillance/atlas
https://www.ecdc.europa.eu/en/legionnaires-disease/surveillance/atlas
https://www.cdc.gov/legionella/about/history.html
https://www.cdc.gov/legionella/about/history.html
https://eur-lex.europa.eu/eli/dir/2020/2184/oj
https://regs.health.ny.gov/content/part-4-protection-against-legionella
https://regs.health.ny.gov/content/part-4-protection-against-legionella


Facilities Letter 18–39. Reducing Legionella Risks in Health Care
Facility Water Systems, https://www.cdph.ca.gov/Programs/
CHCQ/LCP/Pages/AFL-18-39.aspx (accessed February 4, 2022)

15. ASHRAE (2018) Legionellosis: Risk Management for Building
Water Systems. (ANSI-ASHRAE Stanard 188–2018), https://
www.ashrae.org/technical-resources/bookstore/ansi-ash
rae-standard-188-2018-legionellosis-risk-management-for-
building-water-systems (accessed February 4, 2022)

16. ESGLI (2017) European Technical Guidelines for the
Prevention Control and Investigation of Infections Caused by
Legionella species. 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_species_June_2017.pdf (accessed
February 4, 2022)

17. Great Britain’s Health and Safety Executive (2014)
Legionnaires’ disease: technical guidance, https://www.hse.gov.
uk/pubns/books/hsg274.htm (accessed February 15, 2022)

18. ISO (2017) ISO 11731-2017: Water Quality - Enumeration of
Legionella, https://www.iso.org/cms/render/live/fr/sites/iso
org/contents/data/standard/06/17/61782.html (accessed July
28, 2021)

19. Lucas, C.E., Taylor, T.H., & Fields, B.S. (2011) Water Res. 45,
4428–4436. doi:10.1016/j.watres.2011.05.030
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26. CNR-L Centre National de Référence des Légionelles. Centre
de biologie Nord, Bâtiment O - 3e étage, 103 grande-rue de la
Croix-Rousse, 69317 LYON Cedex 04, https://cnr-legionelles.
univ-lyon1.fr/icap_website/view/2331 (accessed Februay 16,
2022)

27. ISO (2006) ISO 19458:2006: Water Quality - Sampling for
Microbiological Analysis. https://www.iso.org/cms/render/
live/fr/sites/isoorg/contents/data/standard/03/38/33845.html
(accessed February 16, 2022)

28. Doleans, A., Aurell, H., Reyrolle, M., Lina, G., Freney, J.,
Vandenesch, F., Etienne, J., & Jarraud, S. (2004) J. Clin.
Microbiol. 42, 458–460. doi:10.1128/JCM.42.1.458-46
0.2004

29. Harrison, T.G., Afshar, B., Doshi, N., Fry, N.K., & Lee, J.V.
(2009) Eur. J. Clin. Microbiol. Infect. Dis. 28, 781–791. doi:
10.1007/s10096-009-0705-9

30. Rizzardi, K., Winiecka-Krusnell, J., Ramliden, M., Alm, E.,
Andersson, S., & Byfors, S. (2015) Int. J. Syst. Evol. Microbiol. 65,
598–603. doi:10.1099/ijs.0.068940-0

736 | Passot et al.: Journal of AOAC INTERNATIONAL Vol. 106, No. 3, 2023

D
ow

nloaded from
 https://academ

ic.oup.com
/jaoac/article/106/3/725/6839942 by U

SG
S Library user on 31 January 2024

https://www.cdph.ca.gov/Programs/CHCQ/LCP/Pages/AFL-18-39.aspx
https://www.cdph.ca.gov/Programs/CHCQ/LCP/Pages/AFL-18-39.aspx
https://www.ashrae.org/technical-resources/bookstore/ansi-ashrae-standard-188-2018-legionellosis-risk-management-for-building-water-systems
https://www.ashrae.org/technical-resources/bookstore/ansi-ashrae-standard-188-2018-legionellosis-risk-management-for-building-water-systems
https://www.ashrae.org/technical-resources/bookstore/ansi-ashrae-standard-188-2018-legionellosis-risk-management-for-building-water-systems
https://www.ashrae.org/technical-resources/bookstore/ansi-ashrae-standard-188-2018-legionellosis-risk-management-for-building-water-systems
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_species_June_2017.pdf
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_species_June_2017.pdf
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_species_June_2017.pdf
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_species_June_2017.pdf
https://www.hse.gov.uk/pubns/books/hsg274.htm
https://www.hse.gov.uk/pubns/books/hsg274.htm
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/06/17/61782.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/06/17/61782.html
https://doi.org/10.1016/j.watres.2011.05.030
https://www.anses.fr/fr/system/files/EAUX2009sa0330Ra.pdf
https://www.anses.fr/fr/system/files/EAUX2009sa0330Ra.pdf
https://doi.org/10.1002/anie.201309072
https://www.atcc.org/
https://www.dsmz.de/
https://www.dsmz.de/
https://www.pasteur.fr/fr/sante-publique/biobanques-collections/centre-ressources-biologiques-institut-pasteur-crbip
https://www.pasteur.fr/fr/sante-publique/biobanques-collections/centre-ressources-biologiques-institut-pasteur-crbip
https://www.pasteur.fr/fr/sante-publique/biobanques-collections/centre-ressources-biologiques-institut-pasteur-crbip
https://cnr-legionelles.univ-lyon1.fr/icap_website/view/2331
https://cnr-legionelles.univ-lyon1.fr/icap_website/view/2331
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/03/38/33845.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/03/38/33845.html
https://doi.org/10.1128/JCM.42.1.458-460.2004
https://doi.org/10.1128/JCM.42.1.458-460.2004
https://doi.org/10.1007/s10096-009-0705-9
https://doi.org/10.1099/ijs.0.068940-0

	tblfn1
	tblfn2
	tblfn3
	tblfn7
	tblfn8
	tblfn9
	tblfn10
	tblfn11
	tblfn4
	tblfn5
	tblfn6

