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Preamble 
 

Studied method:   

Pseudalert for the enumeration of Pseudomonas aeruginosa 

 

Validation standard:  

Validation protocol for an alternative commercial method as compared with a reference method 

(revision 2 – May 2013). 

 

Reference method :  

 NF EN ISO 16266: 2008 “Detection and enumeration of Pseudomonas aeruginosa – Method 

by membrane filtration 

 

Scope:  

Human consumption waters and pool waters 

 

Certification body:  

AFNOR Certification (http://nf-validation.afnor.org/)  

  

                                                

 

 Analyses performed according to the COFRAC accreditation 

http://nf-validation.afnor.org/
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1 Introduction 
 

The Pseudalert ®/ Quanti-tray® method was validated in March 2016 (certificate number IDX 33/05-

03/16). The certificate was renewed in March 2020 according to the validation protocol for an 

alternative commercial method as compared with a reference method (revision 2 – May 2013). 
 

1.1 History of validation 

The history of validation was summarized in the table below:  
 

Method Approval Type of 

certification 

Comments Expert laboratory Protocol of 

validation 

Pseudalert 
®/Quanti-

Tray® 

11/03/2016 Initial Validation  ISHA Rev. 2 (2013) 

March 2020 Renewal No change 
ADGENE 

LABORATORY 

Rev. 2 (2013) 

 

There were no modifications of the alternative method since the initial validation.  

 

2 Method Protocol  

2.1 Alternative method 

 

The Pseudalert test detects Pseudomonas aeruginosa in human consumption waters and pool 

waters. The test is based on a bacterial enzyme detection technology that signals the presence of 

Pseudomonas aeruginosa through the hydrolysis of a substrate present in the Pseudalert reagent. 

Pseudomonas aeruginosa cells rapidly grow and reproduce using the rich supply of amino acids, 

vitamins and other nutrients present in the Pseudalert reagent. Actively growing strains of 

Pseudomonas aeruginosa have an enzyme that cleaves the substrate to produce a blue fluorescence 

under ultraviolet (UV) light. Pseudalert detects Pseudomonas aeruginosa at 1 MPN in either 100 mL 

or 250 mL samples within 24 hours. 
 
The alternative method protocol in appendix 2. 
 

2.2 Reference method 

The alternative method was compared to the standard NF EN ISO 16266: 2008 “Detection and 

enumeration of Pseudomonas aeruginosa – Method by membrane filtration”. 
 
The protocol of the reference method is presented in appendix 1. 
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3 Summary of the results obtained during the initial validation  
 

3.1 Methods comparison study 

 

The data come from of the initial validation (2016 - ISHA Laboratory) 

 

The goal of the comparative study is to evaluate the performances of the alternative method against 

the reference method. The following parameters were studied: 
 the relative accuracy, 
 the linearity, 
 the quantification limits, 
 the selectivity, 
 the practicability. 

 

3.1.1 Relative accuracy 

The relative accuracy is the degree of correspondence between the response obtained by the 

reference method and the response obtained by the alternative method on the same samples. 
 

 Number and nature of samples 

Two categories of waters were tested in duplicate with the alternative method and the reference 

method. 
Samples analyzed are presented in table 1. 

 
Table 1 : number and nature of samples analyzed 

Category Water type Samples analyzed Samples exploited 

Human 

consumption 

waters 

Tap water / Fountain water 18 13 

Bottled water 34 19 

Boreholes water 4 1 

Total 56 33 

Pool waters 34 21 

TOTAL 90 54 

 

A total of 90 samples was analyzed and 54 were exploited. Samples that were not retained in the 

statistical analysis correspond to samples for which enumerations were inferior to 4 CFU/test portion 

(100 mL or 250 mL) with the reference method or superior to the limit of detection for at least one of 

the replicates of the two methods. 
All samples were artificially contaminated. The contamination levels used cover all the measuring 
range of the alternative method. The stress applied and the strains used are presented in appendix 
2. 
 

 Raw results 

Figure 1 shows the two-dimensional graphs for the categories, respectively, in CFU and MPN per test 

portion and log CFU and log MPN per test portion. The y-axis is reserved for the alternative method 

and the x- axis for the reference method. The representation of a line of equation “y = x“ figures 

dashed on the graphs. 
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Figure 1 : two-dimensional graph for relative accuracy in (CFU or MPN / test portion) (black line: y=x) 
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Raw results and statistical calculations are summarized in tables 2 to 5 and in appendix 4A. 
 

 Statistical exploitation 

The relationship of relative accuracy between the reference method and the alternative method is 

evaluated with the linear model: 'y = a + bx '. 
 
This formula corresponds to the equation of the linear regression drawn from raw results obtained by 
experimentation, y representing the alternative method and x the reference method. 
 

According to the ISO 16140: 2003 standard: Microbiology of food and animal feeding stuffs - Protocol 

for the validation of alternative methods, used for the statistical exploitation of the data, there is a 

perfect accuracy (or there is no systematic bias) between the two methods if this equation is equal to 

the theoretical 'y = x' equation, which applies in the ideal model where the two methods behave 

similarly. 
The intercept is theoretically zero in this ideal model (hypothesis [a = 0]). The estimated intercept 
obtained with the two methods is checked using p {a = 0}. If the alternative method is a systematic 
bias against the reference method, the probability p {a = 0} is less than α = 0.05. 
 
The 'b' slope is theoretically equal to 1 in the ideal model (hypothesis [b = 1]). The estimated slope 
obtained with the two methods should pass by p {b = 1}. Statistically, if the alternative method does 
not give the same values as the reference method, the probability p {b = 1} is less than α = 0.05. 
 
The linear regression method is chosen over the value of the robustness of the ratio R of overall 
repeatability standard deviation: 

- If Rob.R > 2, linear regression by least-squares (OLS 1) with the x-axis for the reference 
method, 
- if Rob.R < 0.5, a linear regression by least-squares (OLS 2) with the x-axis for the alternative 
method, 
- If 0.5 < Rob.R < 2, orthogonal regression (GMFR) with the x-axis to the reference method. 
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Table 2: statistical data (CFU or MPN / test portion) for the enumeration in drinking waters and pool 
waters 

Matrix Rob.R 
Regression 

used 

T 

critical 
a t(a) b t(b) 

Probabilities (%) 

Intercept at 

0 

Slope 

at 1 

Human drinking 

waters 
1.020 GMFR 2.035 -18.976 1.699 1.346 1.421 9.4 16.0 

Pool waters 1.033 GMFR 2.080 -14.138 2.763 1.419 3.631 0.9 0.1 

All categories 1.042 GMFR 2.004 -18.541 3.206 1.409 3.795 0.2 0 

 
Table 3: statistical data (log CFU or log MPN / test portion) for the enumeration in drinking waters and 
pool waters 

Matrix Rob.R 
Regression 

used 

T 

critical 
a t(a) b t(b) 

Probabilities (%) 

Intercept at 

0 

Slope at 

1 

Human drinking 

waters 
1.158 GMFR 2.035 -0.204 0.242 1.070 0.290 81.0 77.3 

Pool waters 1.202 GMFR 2.080 -0.196 0.818 1.138 1.104 41.8 27.6 

All categories 1.104 GMFR 2.004 -0.256 0.565 1.134 1.187 57.3 23.8 

 
Table 4: bias and repeatability of the two methods (CFU or MPN / test portion) 

Matrix 

Bias (D) Repeatability 

Average Median 
r rob. r 

RM AM RM AM 

Human drinking waters -3.9 -0.4 20.7 50.9 14.7 15.0 

Pool waters 11.5 8.7 47.7 51.0 26.4 27.3 

All categories 2.1 2.8 33.8 50.9 17.6 18.3 
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Table 5: bias and repeatability of the two methods (log (CFU or log MPN / test portion) 

Matrix 

Bias (D) Repeatability 

Average Median 
r rob. r 

RM AM RM AM 

Human drinking waters -0.102 -0.033 0.294 0.412 0.200 0.232 

Pool waters 0.036 0.071 0.357 0.299 0.256 0.307 

All categories -0.049 0.047 0.320 0.372 0.233 0.258 

The equations for the regression line and the correlation coefficient are as follows: 
 

Category 

Raw data Log data 

Regression line 
Correlation 

coefficient (r) 
Regression line 

Correlation 

coefficient ( r ) 

Human 

drinking waters 
Alt. = 1.346 Ref. – 18.976 0.750 log Alt. = 1.070 log Ref. – 0.204 0.639 

Pool waters Alt. = 1.419 Ref. – 14.138 0.934 log Alt. = 1.138 log Ref.– 0.196 0.882 

All categories Alt. = 1.409 Ref. – 18.541 0.841 log Alt. = 1.134 log Ref. – 0.256 0.734 

 

For human drinking waters category, the hypothesis {a = 0 and b = 1} is accepted for an expression 

of the results in CFU or MPN per test portion and in log CFU or log MPN per test portion. 

A large dispersion of the points is observed with the raw data, consequence of the comparison 

between a MPN method and a Petri dishes method with a majority of samples with a low level of 

contamination. 
For this category, the bias between the two methods is very low (-0.033 log MPN / test portion and -
0,4 MPN / test portion). 
 
Whatever the kind of data used, the calculated limits of repeatability are similar for both methods. 
 

For pool waters category, the hypothesis {a = 0 and b = 1} is accepted for the log statistical analysis. 

In the analysis with the raw data, hypothesis {b = 1} is accepted and {a = 0} is rejected. However the 

correlation coefficient is good (r= 0.934). 

The median bias calculated between the alternative method and the reference method is low (8.7 

MPN / test portion or 0.071 log MPN/ test portion). 
 
Whatever the kind of data used, the calculated limits of repeatability are similar for both methods. 
 
For all categories, the hypothesis {a = 0 and b = 1} is accepted for the log statistical analysis. With 
the raw data, the hypothesis {a = 0 and b = 1} is rejected. However the correlation coefficient is good 
(r=0.841). 
The median bias calculated between the alternative method and the reference method is low (2.8 
MPN / test portion or 0.047 log MPN/ test portion). 
 

Whatever the kind of data used, the calculated limits of repeatability are similar for both methods. 
 

 Conclusion 

For all parameters, the correlation between the reference method and the alternative method is 

satisfactory. 
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Limits of repeatability are between 15.0 – 27.3 MPN / test portion and 0.232 – 0.307 log MPN / test 

portion for the alternative method and between 14.7 – 26.4 CFU / test portion and 0.200 – 0.256 log 

CFU / test portion for the reference method. 

The bias are between -0.4 and 8.7 MPN / test portion and between -0.033 and 0.071 MPN / test 

portion. 
 

 Comments on the results 

Eight points, corresponding to the analyses of the two replicates of four samples (7 / 47 / 48 / 55), are 

showing a negative bias for the alternative method superior to 0.5 log CFU/ per test portion. 

 

These samples regroup one mineral water (sample 7, bottled water from Angola) and three fountain 

waters (samples 47, 48 and 55). 

It’s important to note that the strains and their stress used for the contamination of the four samples 

previously mentioned were used to spike other samples for the determination of the relative accuracy 

of the method and that the enumerations were similar between the alternative and the reference 

method. 

 

Concerning the mineral water, the main hypothesis concerning the difference in the enumeration is 

that the combination of the matrix and its endogenous flora, the bacterial strain and its stress created 

a lag in the growth of Pseudomonas aeruginosa in the Quanti-Tray. Analyses were performed again 

using another batch of water and with an enumeration of culturable microrganisms. 

 

Concerning the three fountain waters, it appeared that the fountains were plugged to the tap water. 

The sampling was however realized in vials which were not containing sodium thiosulfate. Perhaps 

that the residues of water treatment products, not neutralized due to the absence of neutralizer, 

created a lag in the growth of Pseudomonas aeruginosa in the Quanti-Tray. 

 

To be sure that this hypothesis is correct, analyses were performed again on the same samples, with 

the addition of sodium thiosulfate to neutralize potential antibacterial compounds. 
 

 Results with the new analyses 

New analyses for samples 7, 47, 48 and 55 were performed on new batches of water, using the same 

strains and the same stress levels for the contamination than for the first analysis (updated results in 

appendix 4B). 

 

The enumeration of the culturable microorganisms of the new batch of mineral water (sample 7) 

showed high values of endogenous flora: 550 CFU/mL at 22°C and 650 CFU/mL at 36°C. The 

comparison of the two methods on this new batch revealed a lower difference between the two 

methods. 

 

In the same way, new analyses of the three fountain waters plugged to the tap water and sampled 

with the addition of sodium thiosulfate showed results for the alternative method more comparable to 

those of the reference method. 
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The two-dimensional graphs concerned by these modifications are presented below and the statistical 

interpretation of these new data in the tables 6 to 9. 
 

Figure 2: two-dimensional graphs for relative accuracy after new analyses 

  

  
 
Table 6: statistical data (CFU or MPN / test portion) for the new interpretation of two categories 

Matrix Rob.R 
Regression 

used 

T 

critical 
a t(a) b t(b) 

Probabilities (%) 

Intercept at 

0 

Slope 

at 1 

Human drinking 

waters 
1.156 GMFR 2.037 -11.6 1.910 1.3 2.605 6.1 1.1 

All categories 1.050 GMFR 2.005 -12.7 2.713 1.4 4.464 0.8 0 
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Table 7: statistical data (log CFU or log MPN / test portion)) for the new interpretation of two categories 

Matrix Rob.R 
Regression 

used 

T 

critical 
a t(a) b t(b) 

Probabilities (%) 

Intercept at 

0 

Slope at 

1 

Human drinking 

waters 
0.925 GMFR 2.037 -0.043 0.121 1.025 0.263 90.4 79.3 

All categories 1.049 GMFR 2.005 -0.097 0.327 1.070 0.992 74.4 32.3 

 
Table 8: bias and repeatability of the methods for the new interpretation of two categories (CFU or 
MPN / test portion) 

Matrix 

Bias (D) Repeatability 

Average Median 
r rob. r 

RM AM RM AM 

Human drinking waters 1.9 1.0 19.3 51.7 13.2 15.3 

All categories 5.7 3.0 33.6 51.4 17.6 18.5 

 
Table 9: bias and repeatability of the methods for the new interpretation of two categories (log (CFU 
or log MPN / test portion) 

Matrix 

Bias (D) Repeatability 

Average Median 
r rob. r 

RM AM RM AM 

Human drinking waters -0.008 0.014 0.304 0.399 0.270 0.250 

All categories 0.010 0.056 0.326 0.363 0.256 0.268 

The equations for the regression line and the correlation coefficient are as follows: 
 

Category 

Raw data Log data 

Regression line 
Correlation 

coefficient ( r ) 
Regression line 

Correlation 

coefficient ( r ) 

Human 

drinking waters 
Alt. = 1.3 Ref. – 11.6 0.853 log Alt. = 1.025 log Ref. – 0.043 0.869 

All categories Alt. = 1.4 Ref. – 12.7 0.898 log Alt. = 1.070 log Ref. – 0.097 0.885 

 

The new analyses did not modify the conclusions of the statistical test, i.e hypothesis {a = 0 and b = 

1} rejected (or partially accepted) with the data in CFU and MPN per test portion and hypothesis {a = 

0 and b = 1} accepted with the data in log CFU and log MPN per test portion. 

 

However, as there is a better matching between the two methods for the few samples re-analyzed, 

values of a and b are better for the equations of the regression lines and correlation coefficients are 

closer to 1 for this new set of data. 
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3.1.2 Linearity 

The linearity is the ability of the method when used with a given matrix to give results that are in 

proportion to the amount of analyte present in the sample, that is an increase in analyte corresponds 

to a linear or proportional increase in results. 
 

 Contamination levels 

The couples matrix / strain are presented in table 10. 

 

For these couples, six levels of contamination were tested in duplicate by the reference method and 

the alternative method. 
 
Table 10 : couple matrix – strain analyzed 

Strain Matrix Contamination level (CFU/100 mL) 

Pseudomonas aeruginosa Pool water 10 – 30 – 50 - 100 

Pseudomonas aeruginosa Spring water 10 - 20 -30 – 50 - 100 

 

 Raw results 

Raw results and statistical calculations are summarized in appendix 5. 

 

Graphs of figure 3 show the values of each sample obtained by the alternative method and the 

reference method. The y-axis is reserved for the alternative method and the x-axis for the reference 

method. 

 

The representation of a line of equation 'y = x' figures dashed on the graphs. 
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Figure 3: two-dimensional graphs for linearity of the pool water (CFU or MPN / test portion and log 
CFU or MPN / test portion) (black line: y=x) 

  

 

  
 

 Statistical exploitation 

Statistical interpretations are carried out in accordance with the requirements of standard NF ISO 

16140 (see table 11). 
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The linear regression method is chosen over the value of the robustness of the ratio R of overall 

repeatability standard deviation: 

- If Rob.R > 2, linear regression by least-squares (OLS 1) is used with the x-axis for the reference 

method, 

- if Rob.R < 0.5, a linear regression by least-squares (OLS 2) is used with the x-axis for the alternative 

method, 

- If 0.5 < Rob.R < 2, orthogonal regression (GMFR) is used with the x-axis to the reference method. 

 
Table 1: statistical data of the couple matrix – strain analyzed 

Matrix Data 
Rob. 

R 

Regression 

used 

F 

critical 
Rob. F 

P 

(Rob.F) 

Correlation 

coefficient 

(r) 

Regression line 

Pool 

water 

Raw 1.300 GMFR 4.53 1.145 0.419 0.969 0.733 Ref + 2.875 

Log 1.257 GMFR 4.53 0.837 0.548 0.981 1.050 log Ref – 0.198 

Spring 

water 

Raw 0.530 GMFR 3.97 9.201 0.006 0.980 2.071 Ref – 15.492 

log 0.857 GMFR 3.97 5.433 0.023 0.943 1.078 log Ref + 0.040 

 
The relationship between the 2 methods is not linear: 

- if Rob.F > critical F or, 
- if P (Rob.F) < α (= 0,05). 

 

 Conclusion 

For the pool water matrix, the relationship between the two methods is linear regardless of the data 

used (raw data or log data). 

 

For the spring water matrix, the relationship between the two methods is not linear with the raw data 

and the log data. However, the correlation coefficients of the regression lines are satisfactory. 

 

The linearity of the alternative method is satisfactory. 
 

3.1.3 Detection and quantification limits 

The detection and quantification limits are checked in accordance with the standard EN ISO 16140. 

Three parameters are determined. 

 

Here are their ISO 16140 definitions: 

- the critical level (LC) is the smallest amount which can be detected (not null), but not 

quantified as an exact value. Below this value, it cannot be sure that the true value is not null. 

At this level, the false negatives probability β is 50 % (β is the second type of statistical error). 

 

- the detection limit (LOD) is higher than the critical level, because it involves a power, the 

probability 1 - β, which has to be well over 50 %, for example 95 %. 
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- the quantification limit (LOQ) is the smallest amount of analyte, (that is the lowest actual 

number of organisms), which can be measured and quantified with defined precision and 

accuracy under the experimental conditions by the method under validation. 
 

 Protocol 

Detection and quantification limits were determined by analyzing a pure culture of a Pseudomonas 

aeruginosa strain PSE.1.13, isolated from water, by the alternative method. 

Six levels of contamination, with six repetitions for each level, have been studied in sterilized water. 

 

 Results 

Raw results are presented in appendix 6 and the summary in the following tables. 

 
Table 12: data (s0 and x0) for the enumeration of P. aeruginosa (underlined: the reference level) 

Level (MPN/100mL) 
Number of positive 

samples 
Standard deviation (s0) Bias (Xo) 

0.000 0 0.000 0.000 

0.530 0 0.000 0.000 

0.600 0 0.000 0.000 

1.500 1 0.816 0.000 

2.100 5 1.451 1.000 

2.800 6 1.058 2.000 

 
Table 13: LC, LOD and LOQ values of the alternative method for the enumeration of Pseudomonas 
aeruginosa 

Parameter Formulas Value obtained 

Critical level 1.65 s0 + x0 3.39 

Detection limit 3.3 s0 + x0 5.79 

Quantification limit 10 s0 + x0 15.51 

 

 Conclusion 

The limits of detection and the limits of quantification of the alternative method are satisfactory. 
 

3.1.4 Selectivity 

The selectivity of the alternative method is evaluated by its inclusivity and its exclusivity. 

Inclusivity is the ability of the alternative method to detect the target analyte from a wide range of 

strains. 

Exclusivity is the lack of interference by a relevant range of non-target strains with the alternative 

method. 
 

 Protocols 

Twenty four target strains and thirty three non-target strains (from national, international and internal 

collections) were analyzed. The tests were conducted according to the protocol of the alternative 

method. 
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In exclusivity, strains 28 to 32 were isolated from water samples analyzed on CN agar. They produced 

non-typical colonies on this media. 

 

The contamination levels used for inclusivity were between 30 and 100 CFU / 100mL and for 

exclusivity 103 to 105 times higher than the level of detection of the alternative method (approximately 

104 CFU / 100 mL). 
 

 Results 

The results are presented in appendix 7. 

 

Twenty four strains of Pseudomonas aeruginosa are detected by the alternative method. 

The strain PSE.1.12 was initially tested with the inclusivity protocol. This strain was not detected by 

the alternative method (even with a high contamination level) whereas it was detected by the 

reference method (and confirmed by all the confirmation tests of the reference method). This strain 

has been tested in inclusivity because it was initially not detected in some samples for the 

determination of the relative accuracy. 

An identification of this strain by molecular biology showed that the strain was a Pseudomonas 

monteilii. This strain was consequently moved to the exclusivity list. All the twenty four strains of the 

inclusivity list were detected. 

 

No non-target strain showed cross-reaction with the alternative method. 

 

 Conclusion 

The selectivity of the method is satisfactory. 
 

 Practicability 

The practicability is studied by filling in the 13 criteria defined by the Technical Board. 

 

 Procedure for conditioning the elements of the method 

Pseudalert reagent is packaged in sealed individual capsules. The Quanti-Tray are conditioned by 10 

in sterile plastic bags. 

 

 Reagent volume 

Several formats are available (20 tests, 100 tests or 200 tests). 

 

 Conditions of storage of the elements (expiry date for unopened products) 

Pseudalert reagent storage temperature is between 2 and 25 ° C. 

The storage temperature of the Quanti - Tray is between 4 and 30 ° C. 

 

Products have a 12 months DLC. 

 

 Modalities of use after the first use (expiry dates for use) 

Each Quanti-Tray and each Pseudalert reagent capsule serves a unique analysis and must not be 

re-used. 
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 Specific equipment or premises required 

A Quanti-Tray Sealer model 2X or a Quanti-Tray Sealer PLUS is required. 

 

 Reagents ready-to-use or to be reconstituted 

There is no reagent to restore. 

 

 Period required to train an operator not initiated into the method 

The use of the method Pseudalert reagent / Quanti-Tray requires no specific training. The duration of 

training is estimated at 1 hour. 

 

 Real-time handling and flexibility of the method depending on the number of samples to be 

analyzed. 

The duration of an analysis by the method NF EN ISO 16266 is about 1.5 min using disposable 

filtration units of 3.5 min using non-disposable filtration units.  The duration of use of the method 

Pseudalert is about 4 min (time including: dissolution of the Pseudalert reagent waiting time and the 

time for sealing the Quanti-Tray). 

The alternative method doesn’t require any confirmation step or using toxic reagent. 

 

 Time required for obtaining the results 

Time-to-result for the method Pseudalert is 24 - 28 hours. 

Time-to-result for the method EN ISO 16266 is 48 hours or 4 days if confirmations are required. 

 

 Operator qualification type 

The qualification of the operator is similar to the qualification needed for the reference method. 

 

 Phases shared with the reference method 

None. 

 

 Means or traceability of the analysis results for the user 

No traceability procedure is proposed. The laboratory shall use its internal procedures. 

 

 Obligation to maintain specific apparatus for the user 

None. 

 

3.1.5 Conclusion 
The linearity and the relative accuracy of the method Pseudalert for the enumeration of Pseudomonas 
aeruginosa in drinking waters and pool waters are satisfactory. 
Bias between the two methods is acceptable. The limits of detection and quantification of the method 
are satisfactory. 
The method Pseudalert for the enumeration of Pseudomonas aeruginosa is specific and selective. 
Results are obtained in 24 to 28 hours with the alternative method against 48 to 96 hours with the 
reference method. 
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3.2 Interlaboratory study 

 
The goal of the interlaboratory study is to determine the performances of the alternative method in 
several laboratories in the real conditions of the “routine” application of the method. 
 

 Interlaboratory study implementation 

The data come from of the initial validation (2016 - ISHA Laboratory) 
 

 Participating laboratories 

The interlaboratory study was realized by the expert laboratory and fourteen participating laboratories.  

 

Each laboratory received the instructions relative to the organization of the study a week before its 

beginning. 
 

 Matrix and strain 

A tap water was used as test matrix. It was contaminated with a strain of Pseudomonas aeruginosa 

(PSE.1.4) isolated from a fountain water. 

The absence of Pseudomonas aeruginosa in this matrix before the contamination was checked using 

the reference method. 
 

 Stability of the strain in the test matrix 

The stability of the strain in the matrix was evaluated for 3 days at 5±3°C. Results of the enumerations 

are presented in table 14. 

 
Table 14: results of the enumerations in CFU/100 mL of the strain Pseudomonas aeruginosa in tap 
water for 3 days at 5±3°C 

 Level 1 Level 2 Level 3 

D0 169 256 277 

D3 86 128 150 

 
A diminution of the concentration of the tested strain is observed from day 0 to day 3 at 5±3°C in the 
matrix. 
 

 Samples preparation and spiking 

 

The matrix was inoculated with the target strain suspension to obtain four contamination levels: 

 - level 0 : 0 CFU/100 mL, 

- level 1 : from 10 to 20 CFU/100 mL, 

- level 2 : from 50 to 70 CFU/100 mL, 

- level 3 : from 100 to 120 CFU/100 mL. 

 

The matrix was distributed at 250 mL in sterile bottles. Every bottle was individually spiked and 

homogenized. Eight samples per laboratory were prepared (2 samples per contamination level). Each 

laboratory received 8 samples to analyze, 1 sample to quantify culturable microorganisms and 1 water 

sample containing a temperature probe. 
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The results of the enumerations of culturable microorganisms, the target levels and the real levels of 

contamination are presented in table 15. 
 
Table 15: target level, real level and endogenous flora of the matrix 

Level 
Culturable microorganisms (CFU/mL) Pseudomonas aeruginosa.PSE.1.4 (CFU /100 mL) 

22°C 36°C Target level Real level at D0 

0 

8 2 

/ / 

1 40 40 

2 100 60 

3 150 80 

 

 Samples labeling 

The labeling of the vials was realized as follows: a code to identify the laboratory: from A to N and a 

code to identify each sample, only known by the expert laboratory (cf. table 16). 

 

The samples and the temperature control vials (water sample with a temperature probe) were stored 

at 5°C before shipping. 

 
Table 16: sample code by contamination level 

Level (CFU / 100 mL) Sample code 

0 2 / 8 

10 to 20 4 / 7 

50 to 70 5 / 6 

100 to 120 1 / 3 

 

 Samples shipping, reception and analysis 

The samples were shipped in a coolbox the 8th of February 2016. 

The coolboxes were received in 24 hours for eleven laboratories and in 48 hours for three laboratories. 

The control temperature was recorded upon receipt of the package and the temperature probe sent 

to the expert laboratory. 

The samples were analyzed the 10th of February. The expert laboratory concurrently analyzed a set 

of samples under the same conditions with both methods. 

 

Analyses were thus realized by fifteen laboratories. 
 

3.2.1 Results 

 Temperature and state of the samples at reception 

The temperature readings at reception, the state of the samples and probes data are shown in table 

17. 
 
  



AFNOR VALIDATION 

Summary report 

Pseudalert ®/Quanti-Tray® 

 V0 
April 2020                                  

22 

 

Table 17: temperature and state of the samples upon reception 

Laboratory Temperature State of samples 
Probe temperature 

Mean Maximum 

A 7.8 °C Correct 2.69 °C 4.98 °C 

B 7.2 °C Correct 2.69 °C 4.58 °C 

C 8.5 °C Correct 2.14 °C 4.51 °C 

D 5.9 °C Correct 2.63 °C 3.98 °C 

E 5.1 °C Correct 1.62 °C 5.50 °C 

F 1.8 °C Correct 1.63 °C 3.50 °C 

G 9.7 °C Correct 2.95 °C 6.06 °C 

H 6.4 °C Correct 3.72 °C 6.01 °C 

I 0.9 °C Correct 2.39 °C 5.00 °C 

J 7.8 °C Correct 2.39 °C 4.00 °C 

K 7.4 °C Correct 2.38 °C 6.00 °C 

L 6.2 °C Correct 2.48 °C 6.00 °C 

M 4.2 °C Correct 2.49 °C 6.99 °C 

N 4.3 °C Correct 2.63 °C 6.07 °C 

Temperatures are correct for 14 laboratories. Laboratories C and G showed temperatures superior to 

8°C but the analyses of the thermal profiles of the probes showed that the shipping of the samples 

were realized at a correct temperature, with means between 2.1°C and 3.0°C. 
 

 Results from expert laboratory and participating laboratories 

The overall results are presented in table 18. Detailed results are provided in appendix 8. 

For level 0, the results for one repetition of the alternative method for the laboratory C were superior 

at 200.5 MPN / 100 mL but all the results of the reference method were inferior to 1 CFU/100 mL 
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All results of the alternative method for the thirteen other laboratories were inferior to 1 MPN/100 mL. 
 
Table 18: results of the interlaboratory study (MPN and CFU / 100 mL) 

Labora-
tory 

Level 1 (samples 4/7) Level 2 (samples 5/6) Level 3 (samples 1/3) 

RM  
(CFU/100 mL) 

AM  
(MPN/100 mL) 

RM  
(CFU/100 mL) 

AM  
(MPN/100 mL) 

RM  
(CFU/100 mL) 

AM  
(MPN/100 mL) 

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 

A 38 32 <1 <1 46 26 1.0 <1 49 39 1.0 <1 

B 38 34 <1 <1 32 47 <1 <1 80 62 <1 <1 

C 28 25 6.4 200.5 44 30 5.3 200.5 46 47 7.5 200.5 

D 17 9 4.2 1.0 32 29 2.0 3.1 27 45 5.3 2.0 

E 22 12 45.3 32.4 26 26 78.2 59.1 34 36 94.5 73.8 

F 25 21 40.6 38.4 46 54 62.4 65.9 54 66 88.5 94.5 

G 15 23 40.6 27.1 27 25 69.7 65.9 72 31 118.4 62.4 

H 25 24 34.4 28.8 41 44 47.8 65.9 62 34 42.9 69.7 

I 38 28 <1 <1 54 58 <1 <1 79 84 <1 <1 

J 41 55 28.8 13.7 57 52 28.8 40.6 70 87 53.1 53.1 

K 15 29 22.2 42.9 29 36 34.4 36.4 51 57 69.7 59.1 

L 13 13 38.4 28.8 25 32 59.1 56.0 32 41 73.8 73.8 

M 30 39 34.4 38.4 50 49 47.8 42.9 71 73 62.4 165.2 

N 37 45 27.1 32.4 64 69 40.6 50.4 93 69 47.8 65.9 

 

Laboratories A and I incubated the Quanti-Tray at 37°C instead of 38±0.5°C as described in the 

Pseudalert method. 

Laboratories B and D didn’t count the wells with a weak fluorescence at 24 hours as described in the 

alternative method. 

The laboratory C has aberrant results. For each level of contamination (L0, L1; L2 and L3), the 

alternative method presents one repetition inferior to 10 MPN / 100 mL while the other was superior 

to 200.5 MPN / 100 mL. 

 

The Technical Board accepted to exclude the laboratories A, B, C, D and I of the statistical analysis 

of the data. 

Despite of results a little high at level 1, the Technical Board accepted the data of the interlaboratory 

study. 

The data obtained by the nine remaining laboratories are presented in the two dimensional graphs of 

the figure 4 in MPN and CFU /100 mL and in log MPN and log CFU / 100mL (y = x in dotted line). 
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Figure 4: two-dimensional graphs for the interlaboratory study (in MPN and CFU /100 mL and in log 
MPN and log CFU/100 mL) 

  
 

3.2.2 Enumerations of culturable microorganisms 

For the whole laboratories, the enumerations at 22°C vary between <1 and 7 CFU/mL. Concerning 

the enumerations at 36°C, the results were varying between <1 and 3 CFU/mL. 

The results of each lab are shown in appendix 9. 
 

3.2.3 Statistical interpretation 

 Bias 

Table 19 presents the target value, the mean, and the bias for each level of contamination. 
 
Table 19: calculations of the bias of the alternative method 

Values MPN / 100 mL log MPN/100 mL 

Levels 1 - low 2 - medium 3 - high 1 - low 2 - medium 3 - high 

Target value 24.50 42.50 59.50 1.39 1.63 1.77 

Mean 33.04 52.88 76.03 1.50 1.71 1.86 

Relative bias 0.35 0.24 0.28 8.31% 4.92% 4.66% 

Bias 1.35 1.24 1.28 0.12 0.08 0.08 

 

The accuracy is estimated by the bias which varies between 1.24 MPN / 100 mL and 1.35 MPN / 100 

mL and 0.08 log MPN / 100 mL and log 0.12 log MPN / 100 mL. 

As a reminder, the bias obtained during the comparative study was 2.8 MPN / 100 mL and 0.047 log 

MPN / 100 mL. 
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 Accuracy profile 

Tables 20 and 21 show the tolerance values and limits of the alternative method for the different 

values of probability of tolerance and the limits of acceptability, respectively in MPN / 100 mL and log 

MPN / 100 mL. 
 
Table 20: tolerance values for the alternative method (MPN / 100 mL) 

Tolerance 
probability 

Parameters 
UFC / 100 mL 

Low Medium High 

80% 

Low tolerance value 21.96 32.61 36.05 

High tolerance value 44.12 73.15 116.01 

Low tolerance limit 90% 77% 61% 

High tolerance limit 180% 172% 195% 

 
Table 21: tolerance values for the alternative method (log MPN / 100 mL) 

Tolerance 
probability 

Parameters 
log MPN/100 mL 

Low Medium High 

90% 

Low tolerance value 1.24 1.42 1.55 

High tolerance value 1.78 2.00 2.17 

Low tolerance limit - 0.15 - 0.20 -0.23 

High tolerance limit 0.38 0.37 0.39 
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Figures 5 and 6 present the accuracy profiles. 
 

Figure 5: accuracy profile (MPN / 100 mL) for a tolerance probability at 80% and acceptability limits 
at 100 % 

 
 
Figure 6: accuracy profile (log MPN / 100 mL) for a tolerance probability at 95% and acceptability 
limits at 0.4 log MPN/100 mL 
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For all the contamination levels, the tolerance interval is comprised between the acceptability interval 

for a 80% tolerance probability with acceptability limits at 100 % and between the acceptability interval 

for a 95% tolerance probability and a limit at 0,4 log MPN/100 mL. 
 

3.2.4 Conclusion 
The bias of the alternative method is relatively stable from the low level of contamination to the high 
level of contamination. 

For all levels of contamination, the tolerance limits are between the limits of acceptability, meaning 

that at least 95% of the results will be between the limits of acceptability as defined at 0.4 log MPN/100 

mL. 
 

3.3 Conclusion 

 

The performances of the Pseudalert ®/ Quanti-tray® method comply with the requirements of NF EN 

ISO 16266: 2008 and the AFNOR validation protocol: Validation protocol for an alternative commercial 

method as compared with a reference method (revision 2 – May 2013) 
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In these articles, the performances of Pseudalert ®/ Quanti-tray® method are satisfactory. They are 

compared to the reference method ISO 16266 (2006 and 2008) or SM 9213E, Whatman 

Pseudomonas broth method, MoDW part 8 (Uk the Microbiology of Drinking Water), MiliporeTM and 

Cetrimide membrane filtration methods 

 

4.2 External validations and recognitions 

 

The external recognitions of Pseudalert ®/ Quanti-tray® method are summarized in the table below:  
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Approval Body Nature of validation protocol 

May 2015 
Umwelt Bundesamt (UBA) 

(Germany) 

- Approval of Pseudalert/Quanti-Tray for compliance testing of 

drinking water, pools and spas 

- Evaluation of the results of comparative tests according to DIN 

EN ISO 17994 versus the DIN EN ISO 16266 method 

December 2016 
The National Public Health and 

Medical Service Office (Hungry) 

- Approval of Pseudalert/Quanti‐Tray for Compliance Testing of 

Drinking Water 

- Evaluation of the results of comparative tests according to EN 

ISO 17994 versus the EN ISO 16266 method done by National 

Public Health Center: Laboratory of Water Hygiene 

June 2014 National Institute of Health (Italy) 

- Approval of Pseudalert for Compliance Testing of Pool and 

Water Samples 

- Approval based on several equivalency studies performed in 

Italy and Europe, done according to the criteria of ISO 17994 

May 2012 

Department of health and senior 

services 

Division of epidemiology, 

environmental and occupational 

health 

- Approval of Pseudalert for P. aeruginosa in Spa/Hot Tub 

- Approval based on an external study where the laboratory 

compared Pseudalert to Standard Methods 9213E 

 

Pseudalert ®/ Quanti-tray® method has been published as the International Organization for 

Standardization (ISO): ISO 16266‐2:2018; Water Quality – Detection and enumeration of 

Pseudomonas aeruginosa – Part 2: Most probable number method  

 

Due to its performance, Pseudalert ®/ Quanti-tray® method is also recommended as standard 

methods in: 

 UK Standing Committee of Analysts (SCA) Blue Books: The Microbiology of Recreational and 

Environmental Waters (2015) – Part7 ‐ Methods for the isolation and enumeration of 

Aeromonas and Pseudomonas aeruginosa 

 UK Standing Committee of Analysts (SCA) Blue Books: The Microbiology of Drinking Water 

(2015) – Part 8 - Methods for the isolation and enumeration of Aeromonas and Pseudomonas 

aeruginosa. 
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Appendix 1: alternative method protocol 
 

Protocol for a test portion of 100 mL 
 

Step 1 
 

Add contents of one snap pack to 100 mL of sample 
Cap vessel and shake until dissolved  

Pour sample/reagent mixture into a Quanti-Tray®  
 

Step 2 
 

Seal in a Quanti-Tray® Sealer 
 

Step 3 
 

Place the sealed tray in a 38±0.5°C incubator for 24 to 28 hours 
 

Step 4 
 

Count the number of fluorescence wells with UV lamp at 365 nm  
 

Step 5 
 

Results:  
Refer to the MPN table provided with the trays to obtain a Most Probable 

Number 
 

Expressed results in MPN Pseudomonas aeruginosa / 100 mL of sample 
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Protocol for a test portion of 250 mL 
 

Step 1 
 

Fill 3 vessels with the sample: 
- the first at 100 mL, 
- the second at 100 mL, 
- the third at 50 mL and add 50 mL of sterile water 

Add contents of one snap pack to each vessel 
Cap vessels and shake until dissolved 

Pour sample/reagent mixture into a Quanti-Tray® for each vessel 
 

Step 2 
 

Seal in a Quanti-Tray® Sealer 
 

Step 3 
 

Place the sealed trays in a 38±0.5°C incubator for 24 to 28 hours 
 

Step 4 
 

Count the number of fluorescence wells with UV lamp at 365 nm per Quanti-
Tray® 

Add the number of positive wells on the 3 trays 
 

Step 5 
 

Results :  
Refer to the MPN table provided with the trays to obtain a Most Probable 

Number 
 

Expressed results in MPN Pseudomonas aeruginosa / 250 mL of sample 
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Appendix 2: reference method protocol 
 

NF EN ISO 16266:2008 
Detection and enumeration of Pseudomonas aeruginosa  

- Method by membrane filtration 
 

Membrane filtration 
Filter 100 or 250 mL of sample through membrane filter 

Place membrane on a Petri dish containing CN agar 
 

Incubation 
Incubate at (36±2)°C for (44±4)h 

 
 

Reading 
Examine the membranes after (22±2)h and (44±4)h of incubation 

 
Case n°1: 

Count colonies with a blue/green colour (pyocyanine ( + ) ) 
as confirmed Pseudomonas aeruginosa  

  
Case n°2: 

Count colonies pyocyanine (-) and fluorescence (+)  
as presumptive Pseudomonas aeruginosa 

Confirmation : Inoculate an acetamide broth 
Count as confirmed Pseudomonas aeruginosa, colonies producing ammonia 

 
Case n°3: 

Count all other reddish brown pigmented colonies and fluorescence ( - ) 
Confirmation: oxidase, acetamide broth and King’s B media 

Count as confirmed Pseudomonas aeruginosa, colonies oxidase ( + ), 
ammonia ( + ) and fluorescence on King’s B media 

 
Results: CFU/ 100 or 250 mL 
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Appendix 3: bacterial stress 
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Appendix 4a: relative accuracy results 
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Appendix 4B: relative accuracy results 
New analyses on samples 7 / 47 / 48 / 55and new interpretation 
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Appendix 5: linearity results 
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Appendix 6: lod-loq results 
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Appendix 7: selectivity results 
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Appendix 8: raw results 
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Appendix 9: Enumeration of culturable microorganisms 
 
 

Laboratory Culturable microorganisms at 22°C Culturable microorganisms at 36°C 

A <1 <1 

B Vial to the enumerations of culturable microorganisms broken 

C <1 <1 

D <1 <1 

E 2 2 

F <1 <1 

G Confluent grow Confluent grow 

H <1 <1 

I 3 1 

J <1 <1 

K <1 <1 

L <1 <1 

M 1 2 

N <1 7 

Expert 2 3 

 
 
 
 
 
 


