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STUDY PUBLICATION



CONTEXT & MOTIVATION

• EU Drinking Water Directive 2020/2184 requires zero E. coli per 100 mL

• Traditional detection: culture-based methods (21–24h)

• Need for rapid detection in case of contamination events, post-natural disasters
scenarios and massive social gatherings



STUDY OBJECTIVE

• Validate a real-time RT-PCR method for E. coli detection on a pan-european
scale

• Organised by the Joint Research Centre (JRC) of the European Commission

• Involved 19 labs across 11 EU Member-States



PARTICIPATING LABORATORIES

11 countries+Eur
Comission (19 

laboratories): AT, 
BE, HR, DE, FI, IT, 
NL, PL, PT, SI, SK, 

EC



METHODS OVERVIEW (1ST STUDY -2021)

• The JRC prepared and 
shipped artificially 
contaminated water 
samples (0–10 CFU/100 mL).

• The participating 
laboratories analysed the 
samples upon arrival using 
both the reference and 
alternative methods



RESULTS (1ST STUDY)

Circles indicate outliers according to the R programming language for Statistical Computing. Outliers are defined by the interquartile interval 
(Q3 - Q1) as values outside the range [Q1 - k (Q3 - Q1), Q3 + k (Q3 - Q1)] where k=1.5, Q1=25th percentile and Q3=75th percentile of data

Boxplot of the obtained 
Ct values by participating 
laboratories for each 
contamination level (0, 1, 
3, 5 and 10 CFU/100 mL)



RESULTS (1ST STUDY): Z-SCORES OF THE ALTERNATIVE
METHOD



KEY RESULTS (1ST STUDY)

• 18 data sets produced by the participating laboratories.

• 4/18 laboratories reported problems during RNA extraction step and were 
excluded from the analysis.

• Sensitivity analysis showed lower sensitivity (65.4%) compared to the 
reference method (90.4%).

• Participating laboratories using polycarbonate filters instead of mixed cellulose 
filters achieved higher sensitivity of the alternative method (89.2%) compared 
to the reference method (87.7%).



METHODS OVERVIEW (2ND STUDY -2023)

Artificially contaminated water samples (0–10 CFU/100 mL) were filtered and sent out to 
the participating laboratories

• The JRC prepared the samples 
and carried out all filtrations.

• A set of already filtered samples 
was sent to the participating 
laboratories that analysed them 
by the alternative method.

• The JRC analysed all samples by 
the reference method.



RESULTS (2ND STUDY)

Circles indicate outliers according to the R programming language for Statistical Computing. Outliers are defined by the interquartile interval 
(Q3 - Q1) as values outside the range [Q1 - k (Q3 - Q1), Q3 + k (Q3 - Q1)] where k=1.5, Q1=25th percentile and Q3=75th percentile of data

Variability of the water 
sample analysis by the 
reference method: 
boxplot CFU/ 100 mL by 
contamination level (0, 
1, 3, 5 and 10 CFU/100 
mL)



RESULTS (2ND STUDY)

Circles indicate outliers according to the R programming language for Statistical Computing. Outliers are defined by the interquartile interval 
(Q3 - Q1) as values outside the range [Q1 - k (Q3 - Q1), Q3 + k (Q3 - Q1)] where k=1.5, Q1=25th percentile and Q3=75th percentile of data

Boxplot of cycle threshold 
(Ct) values by 
participating laboratories 
for each contamination 
level (0, 1, 3, 5 and 10 
CFU/100 mL) 



RESULTS (2ND STUDY): Z-SCORES OF THE ALTERNATIVE
METHOD



KEY RESULTS (2ND STUDY)

• All laboratories showed performance Z-scores for the considered five 
contamination levels which are below the critical threshold of 2.

• Acceptability Limits (AL) of the relative level of detection (RLOD) is set at 2.5 
according to ISO 16140 part 2 and in this study, the RLOD = 1.79

• Sensitivity – Reference: 97.2%, RT-PCR: 91.1%

• Specificity – Reference: 100%, RT-PCR: 97.7%



DETECTION TIME COMPARISON



SENSITIVITY COMPARISON



CHALLENGES & LEARNINGS

• Lab experience impacts performance

• Critical steps: RNA extraction & filter choice

• Polycarbonate filters perform better than cellulose for nucleic acid extraction



DISCUSSION – TECHNICAL LESSONS

• Filter type crucial – polycarbonate better for RNA recovery

• Proper lysis (vortex/bead beating) improves sensitivity

• PCR master mix must match equipment (ROX concentration)

• Requires operator training and good lab practice



DISCUSSION – OPERATIONAL INSIGHTS

• RT-PCR requires training & practice

• Risk of contamination during RNA work

• Standardisation & SOP refinements are key to success



CONCLUSIONS

• RT-PCR enables rapid detection of E. coli in drinking water

• Valid alternative when quick response is needed

• Could complement culture methods, not replace them

• EU-wide study supports adoption with proper validation



FOR OPEN DISCUSSION

In what context does this molecular method should have an application?

1. as a routine method? (cost/specialised staff)

2. in case of emergency (outbreak/major disaster)?

3. in need of speed?

4. In case of massive social gatherings?

5. some or all of the above?



THANK YOU
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