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Summary 

Within the validation process of efficacy methods for antimicrobials used on hard surfaces seven test 

organisms, Adenovirus type 5, Aspergillus niger, Bacillus subtilis, Enterococcus hirae, Mycobacterium 

terrae, Pseudomonas aeruginosa and Staphylococcus aureus were tested with several active 

substances such as peracetic acid, glutaraldehyde, phenol and benzalkonium chloride. Altogether 29 

laboratories from Australia, Canada, Czech Republic, France, Germany, Italy, USA and UK 

participated in the several rounds of this validation process. 

The validation process consisted of three phases, pre-validation phase, initial validation phase and 

confirmatory validation phase.  

Results of initial validation suggested the principal applicability of the tests, although reproducibility 

varied throughout organisms and substances, and not for all test organisms and substances enough 

data for the validation procedure were available: This was especially true for tests of fungicidal activity 

(Aspergillus niger) and tests of sporicidal activity (Bacillus subtilis). 

A confirmatory validation phase was conducted which focused on bacteria. This phase was aiming (1) 

to identify shortcomings in test procedures, (2) to examine systematic deviations, (3) to test new 

quantification principles established during initial validation and (4) to extend the validation database. 

Some shortcomings in test procedures were corrected, quantification principles were successfully 

tested, and deviations of results between laboratories could be identified as being random, i.e. no 

persistent systematic deviations of results between laboratories were revealed.  

Validation results suggest that a major source of imprecision is the biological variability of 

microorganisms. This inherent source of variability causes a relatively high level of imprecision. For a 

true normalized logarithmic reduction of 80 %, inter-laboratory reproducibility standard deviation is in 

the range of 20 % - 35 % for bacteria and of 15 % - 25 % for Adenovirus type 5 and Mycobacterium 

terrae.  

This can be reduced by parallel testing of several test organisms or several cultures of the same test 

organism in several laboratories. If three laboratories conduct three tests each, the reproducibility 

standard deviation of the average normalized log10 reduction is expected to be in the range of 8 % -

 15 % for the bacteria and 5 % - 11 % for Adenovirus type 5 and Mycobacterium terrae. This might be 

considered a reasonable basis for making comparisons between different products. 

The number of laboratories can be reduced if the outcome of the assessment is only ñcompliantò or 

ñnot compliantò: With a qualitative statistical decision rule, also referred to as hypothesis testing, it can 

be examined whether the true, unknown log reduction (which is not equivalent with the ñmeasuredò log 

reduction) is below or above a given limit. If the measured log reduction is significantly exceeding this 

limit, it can be concluded that the log reduction is higher than the given limit (i.e. the product tested is 

compliant). This decision is depending on the number of laboratories and on the reproducibility 

standard deviation. The higher the number of laboratories and the lower the reproducibility standard 

deviation, the lower will be the hurdle for confirmation of compliance. 

High correlation between different substances suggests parallel testing with a reference substance: 

the reproducibility standard deviation might be substantially reduced by correcting test results for the 

product under consideration by test results for a reference substance.  
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Statistical analysis of the data identified also some outliers, and this suggests that not all laboratories 

carried out the tests in the same way. For this reason it is highly recommended that laboratories 

participate periodically in a proficiency testing scheme. In order to guarantee worldwide comparability 

of test results, such a proficiency testing scheme should run on a global basis. The data of such a 

global scheme could also be used to improve test methods and to lower the above-mentioned hurdle 

in a stepwise process, 

  

Introduction 

1. The development of antimicrobials (chemical technologies that can kill microbes) is an 

important element in combating infectious diseases; however determining the effectiveness of 

certain antimicrobials is difficult. Unlike insecticides where the user can visually determine 

whether a product is effective, biocidal efficacy against microbial pathogens can only be 

determined in the laboratory. Inaccurate measurement of efficacy could have severe adverse 

impacts on public health. Over the years, simple yet robust carrier tests have been developed 

to assess antimicrobials against all major classes of pathogens, and protocols based on them 

are now used in various countries; however, no universally accepted test method for efficacy 

testing exists. 

2. The aim of the study ñValidation of Efficacy Methods for Antimicrobials used on Hard 

Surfacesò was to establish and validate universally accepted test methods and to develop test 

protocols that allow laboratories an accurate measurement of efficacy. 

3. The general purpose of the validation process is to determine the performance 

characteristics, usefulness, and limitations of a test method that is under consideration for use 

in a regulatory context, and to determine the extent that results from the test can be used for 

hazard identification, and to support risk assessments or other health and safety decisions 

(Guidance Document 34). 

4. In 2006, after a detailed examination of existing methods, OECDôs Task Force on Biocides 

had developed draft harmonized quantitative efficacy test methods for antimicrobials used on 

hard surfaces for use against bacteria, mycobacteria, viruses, fungi and spores; the 

modifications necessary for the various organism types have been worked into five separate 

test protocols. 

5. In spring and summer of 2007 pre-validation work had been carried out. The analysis of the 

pre-validation data resulted in providing criteria for establishing an appropriate ring trial design 

and in establishing statistical methods for the analysis of the results of the ring trial. Also 

sources of errors, which may be relevant for the ring trial, had been identified. 

6. After pre-validation had successfully been completed ï between autumn 2007 and spring 

2008 ï the formal inter-laboratory validation process had been initiated. Laboratories were 

acquired, test protocols were refined and workbooks for data entry were developed. In order 

to reduce cost and efforts, results of the pre-validation had been used in the design of the 
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formal inter-laboratory validation study. 

7. Between March 2008 and August 2008 the initial ring trial (referred to as ñPhase 1ò) was 

conducted. Thereby 27 laboratories carried out the efficacy test independently with several 

organisms and substances using identical test protocols, and reported the results. However, 

not all laboratories tested all thirteen combinations of organism and active substances. For 

each of the combinations, results from five to thirteen laboratories were available.  

8. In September 2008 a preliminary statistical analysis had been presented. The data as well as 

the statistical methods had been intensively discussed between microbiologists and 

biostatisticians at several meetings and teleconferences. The discussions eventually resulted 

in refinements of test protocols, quantification principles and statistical procedures. 

9. The refined quantification principles and statistical procedures were again applied to the data 

of the initial ring trial in phase 1. The results from this work are compiled in the present 

validation report including reproducibility of the test methods within and amongst laboratories. 

This second analysis confirmed an earlier assessment that the efficacy test methods are 

principally applicable; however reproducibility is highly varying throughout organisms and 

substances, and not for all test organisms and substances enough data for the validation 

process were available. Thus, the test methods could only considered as being validated with 

restrictions.  

10. In order to correct this weakness, the whole study was extended. Between October 2008 and 

February 2009 test protocols were refined again and a second phase of the validation study 

was planned. This phase 2 was meant (1) to identify and correct shortcomings in test 

protocols, (2) to examine systematic deviations, (3) to test the new quantification principles 

established during initial validation and (4) to extend the validation database. There were 

three parts in phase 2 (carried out between May 2009 and September 2009).  

11. In part 1, two laboratories from the U.S. and two laboratories from Europe were selected 

according to specific characteristics. Both pairs of laboratories carried out the tests in parallel 

in one laboratory only. Thereby it was possible to (1) identify differences between U.S. and 

Europe, (2) to directly compare laboratory work within Europe and the U.S. and (3) to identify 

parts of the test protocols that need further refinement. 

12. In part 2, with the help of a mini ring trial it was checked if these refinements were successful. 

In particular, new laboratories ï completely unfamiliar with the test protocol so far ï took part 

in order to examine to which extent a laboratory training affects the outcome of the test.  

13. After further refinements of the test protocols, eventually, in part 3, a confirmatory ring trial 

with 7 participants was conducted for a test organism not yet considered in phase 1 or 2.  

14. The results of the statistical analyses of both phase 1 and phase 2 are summarized in the 

present report. Furthermore, results from phase 2 are compared to the results from the initial 

ring trial in phase 1.  
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15. The correspondence with laboratories and submission of data to quo data GmbH was carried 

out by Enterprise Innovation & Technology, Worldwide RD&E and Lysoform, Dr. Hans 

Rosemann GmbH. Data analysis and reporting of statistical results were carried out by quo 

data GmbH. 

 

Principles and criteria for test method validation 

Test method validation is a process based on scientifically sound principles by which the reliability and 

relevance of a particular method are established for a specific purpose. In this section the eight OECD 

principles for test method validation are summarized with regard to the test methods considered.  

a) The rationale for the test method should be available. 

The test methods will be used to evaluate the efficacy of liquid chemical disinfectants against 

pathogenic and/or non-pathogenic microorganisms.  The results of the quantitative test will be 

submitted to regulatory authorities to verify the validity and the accuracy of claims for subject 

products.  The findings of the regulatory review of test data will be a key factor in the decision to 

register or approve products for market.  

b) The relationship between the test method's endpoint(s) and the (biological) 

phenomenon of interest should be described. 

The quantifiable reduction (phenomenon of interest) in the level of viability of the test microbial 

population is used to predict the performance (endpoint) of the product on hard environmental 

surfaces under field conditions, e.g. in health care facilities.  

Test conditions in the laboratory are designed to be both relevant and representative under field 

conditions.  

c) A detailed protocol for the test method should be available. 

Test protocols will be submitted concomitantly with this report. 

d) The intra- and inter-laboratory reproducibility of the test method should be 

demonstrated. 

Inter- and intra-laboratory reproducibilities of the test methods were calculated. The variabilities 

associated with the test methods were in a similar range to those of existing methods used for testing 

disinfectants. Reasons for the variability observed were discussed and means to mitigate the 

variabilities provided in the report. 
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e) Demonstration of the test method's performance should be based on the testing of 

reference chemicals representative of the types of substances for which the test 

method will be used. 

Four representative substances at several concentration levels were used in the validation process.  

 

f) The performance of the test method should have been evaluated in relation to 

relevant information from the species of concern, and existing relevant toxicity testing 

data.  

Five classes of microorganisms were tested against multiple substances. The proposed test methods 

do not relate to toxicity testing.  

g) Ideally, all data supporting the validity of a test method should have been obtained 

in accordance with the principles of GLP. 

Data were collected in a manner consistent with GLP. 

h) All data supporting the assessment of the validity of the test method should be 

available for expert review. 

All results of the ring trial are available in Excel tables. Thus, all data supporting the validity of the test 

method are organized and easily accessible to allow for independent review.  
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Description of ring trial and additional tests 

Phase 1 ï Initial ring trial 

Pre-validation 

16. A pre-validation study has been carried out in order to determine the design of the ring trial. 

The lead laboratories for this pre-validation study were the Centre for Research on 

Environmental Microbiology (CREM) at the Faculty of Medicine of University of Ottawa, 

Canada, and Lysoform Dr. Hans Rosemann GmbH, Berlin, Germany. The pre-validation 

report is attached as an Annex Pre-validation report (by quo data GmbH, 8th January 2008), 

p. 125.  

Participants 

17. In total, thirty-five test laboratories from eight member countries (Australia, Canada, Czech 

Republic, France, Germany, Italy, the United Kingdom, the United States of America) and the 

two lead laboratories stated their participation in the study. Of these, twenty-seven 

laboratories eventually participated in the initial ring trial in phase 1 and submitted data at 

least for one combination of organism and active substance. Additional details on the 

participating laboratories and their principal investigators are summarized in the Annex 

Participating laboratories, p. 157. All laboratories participated on a voluntary and self-

supporting basis. The laboratories included those that were experienced with the use of 

antimicrobials on hard surfaces and those that had not used them prior to this study. 

Test organisms and active substances 

18. For the bactericidal method, two test organisms were available: Pseudomonas aeruginosa, 

and Staphylococcus aureus. For the mycobactericidal, fungicidal, virucidal and sporicidal 

methods, one test organism each was available: Mycobacterium terrae, Aspergillus niger, 

Adenovirus type 5 and Bacillus subtilis, respectively. 

19. As active substances were available in the ring trial: phenol, glutaraldehyde, peracetic acid 

and benzalkonium chloride. The combinations of test organisms and substances tested in the 

initial ring trial are summarized in Table 1. 
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Table 1: Combinations of test organisms and active substances tested in the ring trial 

Test organism Active substance 

Adenovirus type 5 glutaraldehyde 

 peracetic acid 

Aspergillus niger glutaraldehyde 

 peracetic acid 

Bacillus subtilis peracetic acid 

Mycobacterium terrae phenol 

 glutaraldehyde 

 peracetic acid 

Pseudomonas aeruginosa glutaraldehyde 

 peracetic acid 

Staphylococcus aureus glutaraldehyde 

 peracetic acid 

 benzalkonium chloride 

 

Experimental design 

20. For each combination of test organism and active substance three test runs had to be 

performed; the order of these runs was randomized.  

21. One test run included at least four control carriers even when two or more tests were being 

run in parallel; e.g., if two active substances were tested at the same time against one test 

organism, each one of these actives must include its own four-carrier control. 

22. In the first test run, 6 concentration levels with 3 measurement replicates per concentration 

level had to be tested, whereas in test runs 2 and 3 only 5 concentration levels with 3 

measurement replicates each could be tested. The participants were provided with the 

required concentration levels of the first test run which are summarized in Table 2. 

23. The concentration levels in test runs 2 and 3 had to be adapted individually by the participants 

according to 4 criteria that ensured a reasonable statistical analysis. In order to simplify the 

procedure for the participants, an Excel workbook has been provided. The original criteria as 

well as the workbook are shown in the Annex Original criteria, p. 161. 
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Table 2: Provided concentrations (in ppm) for run 1 

  Suggested concentrations (in ppm) 

Test organism Active substance 1 2 3 4 5 6 

Adenovirus type 5 glutaraldehyde 2000 1000 500 250 125 62.5 

 peracetic acid 200 150 100 75 50 25 

Aspergillus niger glutaraldehyde 10000 5000 2500 1250 625 312 

 peracetic acid 800 400 200 100 50 25 

Bacillus subtilis peracetic acid 1200 1000 800 600 400 200 

Mycobacterium terrae phenol 20000 15000 14000 13000 10000 5000 

 glutaraldehyde 25000 20000 15000 10000 5000 2500 

 peracetic acid 1000 700 600 500 300 200 

Pseudomonas aeruginosa glutaraldehyde 600 550 500 450 350 250 

 peracetic acid 160 100 80 70 60 40 

Staphylococcus aureus glutaraldehyde 1300 1100 900 800 500 250 

 peracetic acid 120 110 100 95 90 75 

 benzalkonium chloride 5500 4500 3500 2500 1000 500 

  

 

Reporting of data 

24. It was required that the participants should provide all data they have produced including 

those with invalid results. Not only average values but also single values had to be reported. 

Furthermore, the participants had to report the sources of microorganisms and media. 

Phase 2 

Background 

25. The results from the initial ring trial of phase 1 showed highly varying reproducibility 

throughout organisms and substances, and not for all test organisms and substances enough 

data for the validation process were available. Thus, the test methods could only considered 

as being validated with restrictions. For this reason a confirmatory validation phase was 

conducted. This phase was aiming (1) to identify shortcomings in test procedures, (2) to 

examine systematic deviations, (3) to test new quantification principles established during 

initial validation and (4) to extend the validation database. This so-called phase 2 was divided 

into three single parts. 

26. Phase 2 - Part 1: Two laboratories in the U.S. and two laboratories in Europe, which already 

had participated in the initial ring trial in phase 1, had been selected. The selection of 

laboratories was based on the outcome of the initial ring trial. The two U.S. laboratories 

should have shown (1) internally consistent results but (2) large systematic differences 

between each other. Then these two laboratories met for one day to carry out the tests in 

parallel in one laboratory only, in order to find out what the reasons for the differences are. 

Also the two European laboratories should have shown (1) internally consistent results but (2) 

large systematic differences between each other. These two laboratories also met for one day 
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to carry out the tests in parallel in one laboratory only. The findings of each of these meetings 

had been discussed by these four laboratories together, and shortcomings of the test protocol 

had been identified.  

27. Phase 2 - Part 2: After the identified shortcomings had been corrected in the test protocol, a 

mini ring trial (4 - 6 participants) for one test organism and two active substances was 

conducted. With this mini ring trial it should be checked if the corrections of the shortcomings 

were fruitful. In the mini ring trial the four participants of Part 1 should participate and two new 

laboratories, which had not been involved in the initial ring trial in phase 1 or in part 1 of phase 

2. The latter was necessary in order to check to which extent a training phase is required. To 

facilitate the proceeding not necessarily new laboratories had to be acquired but it was also 

possible that a new technician (so far unfamiliar with the test protocols) carried out the tests. 

28. Phase 2 - Part 3: Finally, after adapting the test protocols again, a confirmatory ring trial with 

7 participants was planned for one completely new test organism and one active substance 

for bacteria. In this confirmatory ring trial, the six participants from part 2 should participate 

and two new laboratories, which had neither been involved in the initial ring trial in phase 1 

nor in parts 1 and 2 of phase 2.  

29. The results of the mini ring trial and the confirmatory ring trial could then be used to 

extrapolate the findings to other active substances and organisms.  

Phase 2 - Part 1 

Participating laboratories 

30. Of the 37 laboratories that had stated their participation in the study, two laboratories from the 

U.S. and two laboratories from Europe, which had already participated in phase 1, were 

selected. Additional details on the participating laboratories and their principal investigators 

are summarized in the Annex Participating laboratories, p. 157. 

Test organism and active substance 

31. As test organism Staphylococcus aureus and as test substance benzalkonium chloride were 

chosen. 

Experimental design 

32. Each laboratory had to perform one run. This test run included at least four control carriers. 

Four concentration levels with three measurement replicates per concentration level were 

tested. The concentration levels differed between the European and the U.S. laboratories. 

The following Table 3 summarizes the concentration levels. 

 

Table 3: List of used concentrations in the U.S. laboratories and in the European laboratories 

 Used concentrations 

U.S. laboratories 400 ppm, 1500 ppm, 2500 ppm, 5500 ppm 

European laboratories 500 ppm, 1000 ppm, 2000 ppm, 3500 ppm 
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Phase 2 - Part 2 

Participants 

33. Of the 37 laboratories that had stated their participation in the study, four laboratories 

performed tests in part 2 of phase 2. In one of these laboratories, two technicians carried out 

tests, in another one even three technicians performed tests. Thereby, in total, seven 

independent data sets were available at least for one combination of organism and active 

substance. Additional details on the participating laboratories and their principal investigators 

are summarized in the Annex Participating laboratories, p. 157. 

Test organisms and active substances 

34. As test organism Staphylococcus aureus and as test substances benzalkonium chloride and 

glutaraldehyde were chosen. 

Experimental design 

35. Each laboratory or technician had to perform one run. This test run included at least four 

control carriers. Four concentration levels with at least 3 measurement replicates per 

concentration level had to be tested. The concentration levels were specified by taking into 

account the results from phase 1 as well as from part 1 of phase 2. The following Table 4 

summarizes these concentration levels. However, it should be noted that not all laboratories 

used the suggested concentrations.  

 
Table 4: List of used concentrations of benzalkonium chloride and of glutaraldehyde for tests with 

Staphylococcus aureus 

 Used concentrations 

benzalkonium chloride 400 ppm, 1500 ppm, 2500 ppm, 5500 ppm 

glutaraldehyde 250 ppm, 500 ppm, 900 ppm, 1300 ppm 

 

 

Phase 2 - Part 3 

Participants 

36. Of the 37 laboratories that had stated their participation in the study, six laboratories 

performed tests in part 3 of phase 2. For the bacteria, in two of these laboratories, two 

technicians carried out tests. Thereby, in total, seven independent data sets were available for 

both bacteria test organisms. For the virus, in two laboratories two technicians carried out the 

tests. Thereby, in total, four independent data sets were available. Additional details on the 

participating laboratories and their principal investigators are summarized in the Annex 

Participating laboratories, p. 157. 

Test organisms and active substances 

37. For the bactericidal method, two test organisms were available: Enterococcus hirae and 

Pseudomonas aeruginosa. As active substances benzalkonium chloride and glutaraldehyde 

were used, where benzalkonium chloride has only been tested against Enterococcus hirae, 
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and glutaraldehyde has been tested against Pseudomonas aeruginosa. For the virus method, 

Adenovirus type 5 was tested against glutaraldehyde. 

Experimental design 

38. Each laboratory or technician had to perform at least one run. This test run included at least 

three control carriers. Minimum four concentration levels with at least three measurement 

replicates per concentration level had to be tested. The concentration levels were specified by 

taking into account the results from phase 1 as well as from parts 1 and 2 of phase 2. The 

levels are summarized in the following Table 5. However, it should be noted that not all 

laboratories used the suggested concentrations. 

 
Table 5: List of used concentrations of benzalkonium chloride and of glutaraldehyde for tests with 

Enterococcus hirae, Pseudomonas aeruginosa and Adenovirus type 5 

 Used concentrations 

Enterococcus hirae  

versus benzalkonium chloride 
250 ppm, 400 ppm, 1500 ppm, 2500 ppm, 5500 ppm 

Pseudomonas aeruginosa  

versus glutaraldehyde  
250 ppm, 350 ppm, 400 ppm, 600 ppm, 800 ppm 

Adenovirus type 5 

versus glutaraldehyde 
31 ppm, 62.5 ppm, 125 ppm, 250 ppm, 500 ppm, 1000 ppm 
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Preparation of data 

Data selection 

39. In two experts meetings ï after the preliminary statistical analysis ï six rules have been 

formulated to exclude data patterns which are obviously inconsistent and implausible from the 

microbiological point of view (see Annexes Minutes Meeting Dresden 17th/18th November 

2008, p. 149 and Minutes Meeting Dresden 9th/10th March 2009, p. 153) and which would 

influence the statistical analysis. These rules are only applicable to single carriers and not to a 

set of carriers. 

40. It has to be noted that the rules have to be applied in the given order, e.g. start with rule 0 and 

continue with rule I, rule II and so on. Please note that these rules are applied to the test 

carriers only and not to the water controls.  

41. In order to apply the rules, the raw data had to be imported into a new database (comprising 

not only the aggregated data required for the ring trial analyses but also the underlying raw 

data, counts and the given status). This became necessary as the workbooks with the mean 

CFU/carrier and the log10 reductions could not be used further due to changes in the 

algorithms. 

42. Before starting data selection according to the rules, all given raw data had to be checked 

especially regarding the status (ok, TMTC, zero), because some laboratories did not declare 

the correct status to the respective plate count.  

43. All corrections or adaptations of the statuses carried out by quo data are summarized in the 

Annex Status correction and adaptation carried out by quo data GmbH in phase 1, p. 165. In 

some cases, no status was specified at all and had to be entered by quo data. 

Rule 0  

44. a) If there is a reasonable plate count, but the laboratory entered N/A as status, the status 

should always be set to OK. 

45. b) If the plate count is empty, but the laboratory entered status 0, set plate count to 0 as well. 

If the plate count is 0, but the laboratory entered status N/A, leave status N/A and therefore 

plate count will be disregarded. 

46. c) Every plate count above 299 will be disregarded. Accept when a laboratory entered TMTC 

status and therefore disregard given plate count even when it is below 300. 

47. d) Zero plate counts between OK plate counts (ñMiddle zerosò) will be regarded as long as no 

other rule applies (e.g. 5(-1 dilution)/0(-2 dilution)/1(-3 dilution)). Therefore, middle zeros will 

be included in calculating mean value. 

48. e) Zero plate counts for lower dilutions (where at least one higher dilution has countable plate 

counts) are either 
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Á covered by rule IV if non-zero plate counts are larger than or equal to 4 or 

Á for non-zero plate counts smaller than 4, the outlier tests will take care of worst case 

and other cases do not have a big effect. 

49. f) (extension of rule IV): Any count(s) in lower dilution step(s) is/are disregarded if there is/are 

TMTC in higher dilution step(s), but include colony count(s) in the higher dilution step(s). 

Rule I  

50. In the first step, for carriers with a plate count of 1 for the lowest dilution and plate counts 

equaling zero for all higher dilutions, the plate count for the lowest dilution is set to 1.5. For 

carriers with zero results only, the plate count of the lowest dilution is set to 1.  

 
Figure 1: Rule I of data selection 

 

 

51. Example: Before applying the rule: 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 OK 12 1.00E+02 0 0 1.00E+03 0 0 1.00E+04 0 0 

1.00E+00 OK 1 1.00E+02 0 0 1.00E+03 0 0 1.00E+04 0 0 

1.00E+00 0 0 1.00E+02 0 0 1.00E+03 0 0 1.00E+04 0 0 

 

The second line is an example for the following case: If there is only one dilution with counts 

and the count is equal to 1, replace it by 1.5. 

The third line is an example for the following case: If there is no growth at all, replace 0 by 1 

for the lowest dilution. 
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After applying the rule: 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 OK 12 1.00E+02 N/A 0 1.00E+03 N/A 0 1.00E+04 N/A 0 

1.00E+00 OK 1.5 1.00E+02 N/A 0 1.00E+03 N/A 0 1.00E+04 N/A 0 

1.00E+00 OK 1 1.00E+02 N/A 0 1.00E+03 N/A 0 1.00E+04 N/A 0 

 

Rule II  

52. After applying rule I: If there are more than 3 dilutions with countable numbers, use only the 

three highest dilutions. 

53. Example: Before applying the rules: 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 OK 210 1.00E+02 OK 82 1.00E+03 OK 25 1.00E+04 OK 0 

1.00E+00 OK 238 1.00E+02 OK 103 1.00E+03 OK 31 1.00E+04 OK 7 

1.00E+00 OK 222 1.00E+02 OK 99 1.00E+03 OK 29 1.00E+04 OK 6 

 

After applying the rules: 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 OK 210 1.00E+02 OK 82 1.00E+03 OK 25 1.00E+04 N/A 0 

1.00E+00 N/A 238 1.00E+02 OK 103 1.00E+03 OK 31 1.00E+04 OK 7 

1.00E+00 N/A 222 1.00E+02 OK 99 1.00E+03 OK 29 1.00E+04 OK 6 

 

Rule III  

54. Carry out the following procedure for each pair of subsequent dilutions. Start with the two 

lowest dilutions: Check whether the figure for the lower dilution is 50 or larger. Then calculate 

the dilution corrected counts and divide the figure for the lower dilution by 5. If this ratio is 

higher than the figure for the higher dilution then reject this carrier. 

55. Example: Before applying the rules: 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 OK 310 1.00E+01 OK 6 1.00E+02 OK 1 1.00E+03 0 0 

 

Dilution corrected plate counts (use only the 3 highest dilutions with countable numbers 

according to rule II): The dilution corrected counts for the two lowest dilutions are 310 and 60. 

Since 310 is larger than 50, it is divided by the dilution corrected count of the higher dilution: 

310/60=5.2 Ą this ratio is larger than 5 and therefore the whole carrier needs to be rejected. 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 OK 310 1.00E+01 OK 60 1.00E+02 OK 100 1.00E+03 N/A 0 
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Dilution corrected plate counts after applying the rules: 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 N/A 310 1.00E+01 N/A 60 1.00E+02 N/A 100 1.00E+03 N/A 0 

 

Rule IV  

56. Start with the two highest dilutions where the figure for the higher dilution is 4 or larger. If 

there is no such pair, rule IV cannot be applied. If there is such a pair, calculate the dilution 

corrected counts.  

If the corrected count for the higher dilution exceeds the corrected count for the lower 

dilution by 10 or more than 10 times, ignore all lower dilutions.  

If not, then additionally consider the next highest dilution ï if available, i.e. consider 

the three highest dilutions: Calculate the dilution corrected counts. If the mean of the 

corrected counts of the two highest dilutions exceed the corrected count for the lowest 

considered dilution by 10 or more than 10 times, ignore this lower dilution. 

 

57. Example: Before applying the rules: 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 OK 140 1.00E+01 OK 55 1.00E+02 OK 4 1.00E+03 OK 4 

 

Dilution corrected plate counts (use only the 3 highest dilutions with countable numbers 

according to rule II): 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 N/A 140 1.00E+01 OK 550 1.00E+02 OK 400 1.00E+03 OK 4000 

 

Dilution corrected plate counts after applying the rules: 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

Dilution 
factor Status 

Plate 
Count 

1.00E+00 N/A 140 1.00E+01 N/A 55 1.00E+02 N/A 4 1.00E+03 OK 4 

 

Rule V   

58. No test carrier should have log counts of the CFUôs or PFUôs higher than the mean of the 

logarithmized water control + 30% (= log water control + 0.3). In this case disregard this 

carrierôs results! 
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Recalculation of results for statistical analysis 

59. Originally ï in the workbooks and also in the first statistical analysis ï the calculation of the 

CFU/carrier was based on a weighted mean of the plate counts. In further analyses, however, 

all dilutions are equally weighted, i.e. the arithmetic mean of the respective dilution corrected 

CFUôs is used. This applies to the test carriers as well as to the water controls. For the test 

carriers, it has to be noted that according to rule II only at most 3 dilutions are taken into 

account for the statistical analyses.  
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Description of statistical procedure 

General proceeding 

60. After the application of the rules, the final dataset is at first checked for outliers with regard to 

the single log10 CFU values of each carrier. After these outliers are eliminated, the responses 

considered for the statistical model are determined. As statistical model, so-called inactivation 

curves are used. At first, run-specific inactivation curves are estimated. To these run-specific 

inactivation curves, three laboratory-comprehensive outlier tests are applied in order to 

identify runs that differ significantly from the runs of the remaining laboratories. After 

elimination of the outlier laboratories or outlier runs, the selection of run-specific inactivation 

curves is complete. On the basis of this selection, the overall (laboratory-comprehensive) 

inactivation curve is determined. In the last step, the intra- and inter-laboratory reproducibility 

may be estimated and based on these, the 95%-confidence interval for the overall inactivation 

curve as well as the 95%-prediciton interval for the run-specific inactivation curves can be 

determined. Of course, the whole proceeding is carried out separately for each combination of 

organism and substance. In the following sub-sections, each of the mentioned steps is 

explained in detail. 

 

Response considered 

61. The responses of the statistical analysis are the mean log10 reductions at a specific 

concentration level, separately for each run of a laboratory and ï of course ï separately for 

each combination of organism and substance. After recalculating all mean CFU values per 

carrier ï for the water controls and the test carriers ï they are logarithmized. Thereby the so-

called log10 CFU values per carrier are obtained. For the water controls the arithmetic mean 

of these log10 CFU over all carriers is calculated. This coincides with the logarithmized 

geometric mean of the CFU values per carrier. In the following, this mean value will be 

referred to as the average log10 of the water controls or AWC. Then for the test carriers ï 

separately for each replication at one concentration level ï the log10 reduction is calculated 

by subtracting the log10 of the CFU of the test carrier from the average log10 of the water 

controls. Finally, the mean log10 reduction for one concentration level is determined over all 

carriers of this concentration level. 

62. Two different approaches ï the standard approach and the normalized approach ï have been 

considered during the analyses. In the standard approach, the log10 reduction as described 

above has been considered as the response, whereas in the normalized approach, these 

responses have additionally been normalized. The main difference between both approaches 

is that for the standard approach the logarithm of the ratio of test carrier and water control is 

calculated, while for the normalized approach, at first the logarithms are calculated and then 

the ratio.  
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63. Standard approach: the log10 reductions of each test carrier are calculated as follows: 

log10 reduction/carrier = { }carriertestCFUAWC /log-  

   

 = 
ý
ü
û

í
ì
ë

-
carriercontrolswaterofCFUofmeangeometric

carriertestCFU

/

/
log  

 

64. Normalized approach: the log10 reductions will be corrected by the average log10 of the 

water controls of the respective run, i.e. the log10 reductions will be given as percentages of 

the average log10 of the water controls, where the latter ones is set at 100%. So, the log10 

reductions of each test carrier are calculated as follows: 

 

Normalized log10 
reduction/carrier 

= 
{ }

AWC

carriertestCFU /log
1-  

   

 = 
{ }

{ }carriercontrolswaterofCFUofmeangeometric

carriertestCFU

/log

/log
1-  

 

The normalized log10 reduction is not directly related to the percentage of inactivated 

microorganisms; it represents the inactivation rate on the log scale and depends on the water 

control.  

Example: if the water control has an average log10 of 5, 80% normalized log10 reduction 

means a log10 reduction of 4, i.e. an inactivation rate of 1-10
-4

 = 99.99% 

 
65. Apparently, the standard log10 reduction can be easily obtained by multiplying the normalized 

log10 reduction with the respective average log10 of the water controls of the respective run.  

The obvious advantage of the standard approach is the closer relationship to the average 

log10 of the water controls: As the maximum log10 reduction depends on the value of the 

average log10 of the water controls, it is easier to see if the average log10 of the water control 

could be reached by a laboratory during the test. Furthermore differences between the water 

controls of each laboratory and each run can be balanced.  

However, within the study, laboratories exhibited a high variation regarding the average log10 

of the water controls (see also section Analysis of water controls, p. 34). This variation is 

considerably higher than normally accepted and also higher than originally prescribed in the 

protocol for the ring trial. As for more than 50% of the data the average log10 of the water 

control is out of the tolerance limits, it was decided to not follow the original protocol for the 

ring trial but to accept an exceedance of the tolerance limits. A direct consequence of this 

decision is another source of deviations between different participants:  the log10 reduction 

according to the standard approach is highly depending on the water control. The normalized 

approach compensates the influence of this error source better than the standard approach 

and allows identifying differences between participants which are not due to different starting 

titres. Thus, it had been decided that the normalized approach is the more advantageous 
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option within in the context of this ring trial. However for routine use, the standard approach is 

recommended. In this report, the proceeding for both approaches will be explained. Only the 

results of the normalized approach are shown, while the results according to the standard 

approach are given in the Annex Results of phase 1 according to the standard approach, p. 

203.  

Regulatory authorities will require the use of the standard approach for calculating the log 

reduction, since prospective products will need to meet the minimum water control values in 

order for the data to be accepted. 

 

Analysis of water controls 

66. A statistical analysis of the water controls has been carried out according to ISO 5725-2 

based on the values of average log10 of the water controls per run of each laboratory, 

separately for each combination of organism and substance. 

 

The inactivation curve 

67. The relationship between the mean (normalized) log10 reductions and the concentration of 

the active substance is described by the inactivation curve. In pre-validation examinations as 

well as in the first statistical analysis it has been confirmed that the following non-linear model 

provides realistic fit of the negative (normalized) log10 survival rate in dependence on the 

concentration of the active substance for all microorganisms tested: 

B

C

conc

D
DR reductionlog10  

ö
÷

õ
æ
ç

å
+

-==

1

, 

where  

D is a theoretical value. It describes the mean (normalized) log10 reduction (the negative 

(normalized) log10 survival rate) one would measure at the most effective concentration 

under the conditions described in the test method (e.g. soil load, nature of the test surface, 

temperature, contact time). 

C denotes the mean concentration at which the inactivation curve is changing from being 

convex to concave (on log scale of concentration). C would have practical relevance only if D 

could be measured empirically (which is to be expected only if the microorganism is very 

resistant). Otherwise C represents that concentration at which mean (normalized) log10 

reduction = D/2. 

B is proportional to the steepness of the inactivation curve at concentration C. 

Parameters B, C and D are depending on laboratory and run, i.e. for different laboratories 

and different runs the inactivation curve is changing randomly. 

68. For the normalization of the presentation of the inactivation curves, the average log10 of the 
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water controls is set to 100%. Thus, the parameter D of the statistical model of the inactivation 

curves can be derived from the standard inactivation curve by dividing it by the average log10 

of the water controls. 

69. The statistical analysis of inactivation curves offers the possibility to detect and assess 

systematic and random sources of errors separately.  

70. Additionally, a so-called logit approach was tested. Applying the logit approach did not appear 

to be appropriate from a microbiological point of view. However, for the sake of completeness, 

the logit approach is explained in the Annex Logistic approach, p. 167. 

 

Statistical outlier identification with regard to the single log10 CFU values of each 

carrier 

71. Before estimating the run-specific inactivation curves, two outlier tests are carried out for the 

single log10 CFU values of each test carrier. Therefore, at first, the standard deviation of the 

log10 CFU values per carrier for each combination of run and concentration level is 

determined, but only if there are at least 3 carriers with log10 CFU values available. For 

concentration levels with less than 3 values no further outlier analysis is carried out. As an 

example, assume that there are 3 runs with 6 concentration levels each and also assuming 

that at each concentration level 3 replicates are available, 18 standard deviations are obtained 

in total. 

72. Now the Cochran test at a significance level of 1% is applied to the obtained standard 

deviations. If the test yields in a statistically significant result, i.e. if there is one standard 

deviation that is significantly higher than the other standard deviations, the Grubbs test is 

applied to the three single log10 CFU values of the suspicious combination of run and 

concentration level. Therefore a significance level of 5% is assumed. If the test yields in a 

statistically significant result, i.e. if there is one log10 CFU that differs significantly from the 

two other log10 CFU values, the value of respective carrier will not be taken into account for 

estimating the inactivation curves. If outliers could be identified, the whole procedure is 

repeated a second time. 

 

Determination of run-specific inactivation curves 

73. The models for the run-specific inactivation curves for one laboratory (and one combination of 

organism and active substance) are determined by applying the least squares method.  

74. Log reductions are censored data, i.e. if there are no viable counts, the actual log reduction is 

only known to be greater or equal than the log of the water control. In order to define the final 

estimates for the parameters, the following correction rule is applied: At first the parameters 

are estimated only for the data without the complete inactivation concentrations. If the 
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reported log10 reductions belonging to the complete inactivation concentrations lie below the 

curve, it can be assumed that the minimum concentration that causes a complete inactivation 

is smaller than the complete inactivation concentrations reported. If, however, the reported 

log10 reductions belonging to the complete inactivation concentrations lie above the predicted 

inactivation curve, it can be assumed that the minimum concentration that causes a complete 

inactivation is larger than the complete inactivation concentration reported. Therefore, at first 

all complete inactivation log10 reductions and the respective concentration levels are 

excluded. With the remaining values the run-specific inactivation curves are estimated. 

Successively, beginning with the smallest concentration level, the complete inactivation log10 

reductions are tested if it lies below the estimated inactivation curve or above. If it lies below 

the inactivation curve, the value stays excluded from the inactivation curve estimation. If it lies   

above the inactivation curve, it will be included in the final estimation of the run-specific 

inactivation curve. Now the whole procedure is repeated for the next highest concentration 

with a complete inactivation log10 reduction and so on until all complete inactivation log10 

reductions are tested. 

75. If, however, a log10 reduction equaling the value of the water control is followed by a smaller 

log10 reduction on a higher concentration level, the log10 reduction equaling the water control 

value is included in the first and in the final estimation of the run-specific inactivation curves.  

76. For fitting the curves, the following ñmost-likely-approachò is applied for each test substance 

and organism separately: at first for each run of one laboratory the parameters are estimated; 

if there are runs where the inactivation curves fits the empirical data only badly, i.e. if the 

slope of a run curve is to steep, the geometric mean of the parameters B of the runs with a 

satisfying fit from the same laboratory is used as estimation. In special cases, also the 

parameter C has to be adapted in the same way like the parameter B. 

77. If the mean log10 reduction of the available runs at the smallest concentration level is larger 

than 2, no extrapolation into the direction of zero is carried out and the run-specific 

inactivation curves start at the smallest concentration level measured.  

78. The minimum requirement for including data is that there are at least two log10 reductions of 

a run that do not equal the average log10 of the water controls. In these cases, the least 

square algorithm for estimating the parameters cannot find reasonable results and therefore 

no estimation of the run-specific inactivation curves can be carried out. The measurement of 

the respective runs are excluded from the statistical analysis and in the following referred to 

as not regarded. 

79. For the run-specific inactivation curves, the 95%-prediction intervals are determined by a non-

parametric bootstrap method.  
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Statistical outlier identification with regard to the run-specific inactivation curves 

80. The following outlier tests are carried out separately for the standard approach and the 

normalized approach! 

81. Three laboratory-comprehensive outlier tests are applied to the run-specific inactivation 

curves: a Cochran test with regard to the residual standard deviation and a Grubbs test and a 

Cochran test with regard to concentrations at specific log10 reductions. By these tests, 

suspicious run-specific inactivation curves of one laboratory (and one combination of 

organism and active substance) may be identified. The order of the three tests is fix. Identified 

outlier values are excluded from the dataset. The three outlier tests are explained in more 

detail in the following paragraphs. 

82. Outlier test with regard to the residual standard deviations 

For each laboratory the residual standard deviation over all run-specific inactivation curves is 

considered if there are enough values available. Now, the Cochran test at the significance 

level 1% is applied to these standard deviations. If the Cochran test yields in a significant 

result, all data of the respective laboratory is regarded as outlier data and excluded from the 

data set for the following outlier tests. 

83. Outlier test with regard to the concentration 

For each laboratory the values of the logarithmized concentrations of the run-specific 

inactivation curves are determined at a log10 reduction of 3 in the standard approach and at 

a normalized log10 reduction of 50% in the normalized approach, respectively. 

Then  

Á mean value is determined and 

Á standard deviation (if there are at least two run-specific inactivation curves) 

of these logarithmized concentrations are determined. Thereby, as many mean values as 

there are laboratories and as many mean standard deviations as there are laboratories with 

at least two run-specific inactivation curves are available. Now, the Cochran test at the 

significance level 1% is applied to the standard deviations. If the Cochran test yields in a 

significant result, the respective laboratory exhibits run-specific inactivation curves that differ 

more than the inactivation curves of the other laboratories for the specified log10 reduction. If 

for the laboratory with the significant result at least 3 run-specific inactivation curves are 

available, a Grubbs test can be carried out in order to see if one of the inactivation curves is 

responsible for the high variation. The Grubbs test is applied at the significance level 5%. If 

the test yields in a significant result, i.e. if one of the inactivation curves differs significantly 

from the other run-specific inactivation curves of that laboratory, only the respective run will 

be marked as an outlier. If, however, the Grubbs test cannot be applied or if it does not yield 

in a significant result, all runs of the respective laboratory have to be considered as outlier 

runs. Now, the two-sided Grubbs test is applied to the mean values at the significance level 

5%. The outliers from the Cochran tests are already eliminated. If the test yields in a 

significant result, i.e. if a laboratory mean value differs significantly from the total mean, all 
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data of the respective laboratory is excluded from the data set for the following outlier test. 

 

Determination of overall (laboratory-comprehensive) inactivation curves 

84. The overall or laboratory-comprehensive inactivation curves are derived via a bootstrap 

calculation. It is assumed that the residuals of all laboratories and all runs of one combination 

of organism and substance behave in the same way and furthermore it is assumed that there 

are 3 runs per laboratory. Thereby, within 250 bootstrap cycles 750 run-specific inactivation 

curves are calculated. 

85. If the parameter D has been estimated for the run-specific inactivation curve, the parameter D 

for the bootstrap inactivation curves will be estimated as well.  

86. In order to derive the overall inactivation curve, the concentration range of one combination of 

organism and substance is divided into many small intervals and within each of these 

intervals, the mean value of the 750 inactivation curves is calculated. These mean values 

describe the overall inactivation curve. 

87. It has to be noted that the overall inactivation curves for both approaches ï standard and 

normalized ï are calculated in parallel, i.e. the 750 single inactivation curves according to the 

normalized approach will be directly derived from the 750 single inactivation curves according 

to the standard approach by dividing the respective log10 of the water control. 

 

Intra- and inter-laboratory reproducibility  

88. The general model for the mean (normalized) log10 reduction for one laboratory and one 

combination of organism and substance at a specific concentration level c is given by 

 

mean (normalized) log10 reduction = Rij(c) = µ(c) + ai(c) + bij(c) + eij 

 

where  

Á µ(c) denotes the overall inactivation curve at concentration level c, i.e. the probability 

of a randomly selected microorganism to survive can be estimated 10
-µ(c)

; 

Á ai(c) denotes the laboratory specific deviation of the inactivation curve of laboratory i 

from the overall inactivation curve µ(c), ai(c) is assumed to be random variable with 

mean 0 and variance )(c2

as ; 

Á bij(c) denotes the run specific deviation of the inactivation curve of laboratory i at run j 

from the laboratory specific inactivation curve µ(c) + ai(c) of laboratory i, bij(c) is 

assumed to be random variable with mean 0 and variance )(c2

bs ; 

Á eij(c) denotes the random deviation of laboratory i at run j and concentration c from 

the respective inactivation curve µ(c) + ai(c) + bij(c), eij are assumed to be 
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independent and identically distributed random variables with mean 0 and 

repeatability variance 2
rs . 

Note that the variance )(c2

as  and run variance )(c2

bs  are depending on the concentration 

c of the active substance, whereas the repeatability variance 2
rs  is assumed to be constant. 

The latter assumption can be considered approximately fulfilled: the calculation of the actual 

dependency on the concentration c would require considerably more data than available.  

89. Note that only the run-specific inactivation curves are modeled as described in section 25, the 

laboratory-specific inactivation curves are derived from the run-specific inactivation curves of 

one laboratory by taking the mean value at the concentration level c.   

90. The variances between the laboratories )(c2
Ls  as well as the variances between the runs 

)(c2
runs can be derived directly from )(c2

as , )(c2

bs  and the standard error of the runs. 

91. Generally speaking, the estimation of variances is carried out according to the standard 

procedure of analysis of variance of nested random effects. However, the estimations are 

corrected for the effect of the standard error. The standard error of the run-specific inactivation 

curves is estimated by the bootstrap method. The same applies to the intra-laboratory 

variability within one run (repeatability standard deviation) sr. With these estimations and the 

method of moments, the following variability parameters can be estimated:   

Á Inter-laboratory reproducibility: sR (ISO 5725: Reproducibility standard deviation) 

Á Intra-laboratory reproducibility over time: sI (ISO 5725: Intermediate standard 

deviation) 

Á Intra-laboratory reproducibility within one run: sr (ISO 5725: Repeatability standard 

deviation) 

92. Finally, on the basis of )(Ĕ cL

2s , )(Ĕ crun

2s  and the standard error, the 95%-confidence interval 

for the overall inactivation curve is determined.  

 

Laboratory-specific sensitivity 

93. The shape of inactivation curves of different laboratories is often very similar; quite often they 

can be derived from the overall inactivation curve by a horizontal shift ï on a log concentration 

scale. This horizontal shift represents deviations in sensitivity: the delogarithmized shift is 

referred to as the sensitivity ɚ of the respective laboratory. If ɚ equals about 1, the sensitivity 

of the respective laboratory is about the same as the sensitivity over all laboratories. If ɚ is 

larger than 1, the sensitivity of the respective laboratory is larger than the overall sensitivity, 

whereas a run with a ɚ smaller than 1 exhibits a lower sensitivity than the overall sensitivity. 

The sensitivity ɚ is changing from laboratory to laboratory, from microorganism to 

microorganism, from substance to substance. A correlation analysis of these ɚôs may reveal 

possible sources of error.  
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Phase 1 

Raw data 

Reporting of data 

94. Several laboratories used a different quantification method than suggested or a different 

workbook for entering the data or even both of it. This applies mainly to Adenovirus type 5 for 

which many laboratories were not able to use the workbook supplied and some of them 

adapted the available workbooks. If possible, these laboratories have been asked to enter 

their data into the provided workbook. However, not all of them followed the plea, therefore for 

some laboratories, data from doc-files or pdf-files needed to be transferred to the database by 

quo data GmbH. 

Overview of available data 

95. Of the thirty-five laboratories that stated their participation, 27 laboratories submitted data, at 

least for one of the organism/substance combination. No data were submitted by 8 

laboratories: LC0003, LC0005, LC0015, LC0018, LC0024, LC0027, LC0030 and LC0034. 

96. Table 6 shows the number of runs included in the statistical analysis for each combination of 

laboratory, organism and substance. Laboratories LC0004 and LC0019 additionally submitted 

data for Pseudomonas aeruginosa and benzalkonium chloride, which was not scheduled in 

the ring trial at all. 

97. For Adenovirus type 5, two different quantification methods have been applied: TCID50 

method and well count method. The latter has been applied by three laboratories only, while 

the TCID50 method has been applied by 10 laboratories.  

98. For the following three laboratories, the TCID50 values had to be recalculated according to 

Spearman and Kärber (see (3) and (4)): LC0001, LC0002 and LC0022. 
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Table 6: Number of runs for which data was submitted for each laboratory/organism/substance  
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 LC0000           1 3 2 

 LC0001 1 1    1 1 1      

 LC0002 3 3   3         

 LC0004         3 5 4 3 4 

 LC0006 3 3            

 LC0007       3 3      

 LC0008     3 3 3 3   4 4 1 

 LC0009 3 3            

 LC0010           5 5 3 

 LC0011   3 3 3 3 3 3 3 3 3 3 3 

 LC0012      2 2 2 3 3 4 3 3 

 LC0013         3 3 3 3 3 

 LC0014 2* 3*            

 LC0016 3 3            

 LC0017 3 3            

 LC0019   1 1     1 1 1 1 1 

 LC0020           4 4 3 

 LC0021   3 3  3 3 3 3 3 3 3 3 

 LC0022 3 3 2 2 2      3 3 3 

 LC0023   3 3          

 LC0025     3 3        

 LC0026 3* 3*       2 3 4 4 3 

 LC0028         3 3 3 3 3 

 LC0029 3 3            

 LC0031 3 3            

 LC0032 3* 3*            

 LC0033 3 3            

               

Number of labs 13 13 5 5 5 6 6 6 8 8 13 13 13 

Number of runs 36 37 12 12 14 15 15 15 21 24 42 42 35 

*) well count method 



Validation of Efficacy Methods for Antimicrobials used on Hard Surfaces ï Final Report 
 
 

 
32 

quo data GmbH 

Overview of concentrations used 

99. For each organism and test substance six test concentrations were suggested by the lead 

laboratories for the first run (see also Table 2). However, it was suggested that the 

laboratories adapt the concentrations of runs 2 and 3 in order to obtain reasonable results, 

e.g. not only complete inactivation. Some of the participants already changed the suggested 

concentrations in the first run. The following Table 7 summarizes the laboratories that adapted 

the concentrations. In general, most of the laboratories that adapted their concentrations 

either had to decrease or to increase the suggested concentration levels. Several did both in 

order to find the most appropriate concentration range, e.g. in the second run they tried higher 

concentrations and in the third run they worked with lower concentrations again. Some 

laboratories restricted the suggested concentration range. 

 
Table 7: Laboratories that adapted the concentrations 

 Organism  Test  substance  Lab Code 

 Adenovirus type 5 

  

glutaraldehyde  LC0001; LC0006; LC0016; LC0017; LC0026; LC0029 

peracetic acid  LC0016; LC0017; LC0022; LC0026; LC0029 

 Aspergillus niger 

  

glutaraldehyde  LC0011; LC0021; LC0023 

peracetic acid  LC0021 

 Bacillus subtilis peracetic acid  LC0002; LC0008; LC0011; LC0025 

 Mycobacterium terrae 

  

  

glutaraldehyde  LC0008; LC0011; LC0021 

peracetic acid  LC0008; LC0011; LC0021 

phenol  LC0008; LC0011; LC0021 

 Pseudomonas aeruginosa 

  

glutaraldehyde  LC0004; LC0011; LC0012; LC0019; LC0021; LC0026; 

 LC0028 

peracetic acid  LC0004; LC0012; LC0019; LC0021; LC0026  

 Staphylococcus aureus 

  

  

glutaraldehyde  LC0000; LC0004; LC0008; LC0010; LC0020; LC0021; 

 LC0022; LC0026; LC0028 

peracetic acid  LC0004; LC0008; LC0010; LC0011; LC0012; LC0020;  

 LC0021; LC0022; LC0026; LC0028 

benzalkonium 
chloride 

 LC0000; LC0004; LC0008; LC0010; LC0012; LC0022;  

 LC0026; LC0028 
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Starting titer 

100. It was suggested that the viability titer of test organism on dried carriers ranges from 

4.5 to 6 log10 for Adenovirus type 5 or from 5.5 to 7.0 log10 for the remaining organisms. The 

following Table 8 presents the number of runs and laboratories not falling outside the 

suggested range.  

 

Table 8: Total number of runs and laboratories available and number of runs and laboratories not falling 
outside the tolerance for the log10 of water control 

Organism Substance 

Total 
number of 
available 

runs 

Number of 
runs with 

water control 
within range 

Total 
number 

of 
available 

labs 

Number of 
labs with at 

least one run 
with water 

control within 
range 

Adenovirus type 5 peracetic acid 36 14 (39%) 13 7 

Adenovirus type 5 glutaraldehyde 37 19 (51%) 13 8 

Aspergillus niger peracetic acid 12 0 (0%) 5 0 

Aspergillus niger glutaraldehyde 12 1 (8%) 5 1 

Bacillus subtilis peracetic acid 14 8 (57%) 5 3 

Mycobacterium terrae peracetic acid 15 8 (53%) 6 4 

Mycobacterium terrae glutaraldehyde 15 6 (40%) 6 3 

Mycobacterium terrae phenol 15 8 (53%) 6 4 

Pseudomonas aeruginosa peracetic acid 21 11 (52%) 8 4 

Pseudomonas aeruginosa glutaraldehyde 24 9 (38%) 8 3 

Staphylococcus aureus peracetic acid 42 32 (76%) 13 10 

Staphylococcus aureus glutaraldehyde 41 30 (73%) 13 11 

Staphylococcus aureus 
benzalkonium 
chloride 35 27 (77%) 13 11 

 

Implausible results and data correction 

101. In a first step, the data has been checked for implausible values. Thereby, the values 

of laboratory LC0001 and of laboratory LC0026 for Adenovirus type 5 attracted attention. Both 

participants were informed, and laboratory LC0001 corrected the values, while LC0026 stated 

that the submitted data were correct. 

102. For laboratory LC0026 ï Staphylococcus aureus (benzalkonium chloride (run 2) and 

glutaraldehyde (run 2)) a copy & paste error has occurred during the data transfer from the 

workbook sent by the laboratory to the database. This error has been corrected. 

103. In a second step - between 8
th
 and 10

th
 September 2008 - all participating laboratories 

were provided with the database used. Thereby every participant had the chance to check if 

their data has been submitted correctly and also if they have been transferred correctly from 

the workbooks to the database.  

104. Within this time window, several laboratories sent additional data, e.g. results of 
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additional runs not sent before. These laboratories with the respective additions are 

summarized in the following Table 9.  

Table 9: Additional data sent after preliminary statistical analysis 

 Lab Code  Organism  Comment 

 LC0019  Aspergillus niger  detailed information supplied 

   Pseudomonas aeruginosa  detailed information supplied 

   Staphylococcus aureus  detailed information supplied 

 LC0028  Staphylococcus aureus  runs added 

 

105. Furthermore, several laboratories corrected their results sent before. They are 

summarized in the following Table 10. 

 

Table 10: Corrected data sent after preliminary statistical analysis 

 Lab Code  Organism  Comment 

 LC0001  Adenovirus type 5  amended workbook 

 LC0001  Mycobacterium terrae  2 values corrected (phenol run 1) 

 LC0002 
   

 Adenovirus type 5 

 new data supplied (workbook instead of  handwritten   

 and scanned documents ) 

 LC0006  Adenovirus type 5 
 slight correction of values for glutaraldehyde run 1 

(check if correct 20
th
 August)  

 LC0008  Bacillus subtilis 
 corrected values for 2 concentration levels ( run 1 

 and run 2) 

 LC0009  Adenovirus type 5  correction of concentration values 

 LC0021  Mycobacterium terrae  values corrected 

 LC0028  Pseudomonas aeruginosa 
 corrected values for 1 concentration level ( peracetic 

 acid run 2) 

 LC0032  Adenovirus type 5  2 values corrected (peracetic acid run 1) 

 

Data evaluation 

Analysis of water controls 

106. No data selection has been carried out before, i.e. all available data is included in the 

analysis. However, according to ISO 5725-2, significant outliers have been identified.  

107. Please note that the average log10 of the water controls have been recalculated due 

to the revised determination of the mean CFU/carrier, i.e. not the values submitted by the 

laboratories have been used. 

108. For Mycobacterium terrae and the substances phenol and peracetic acid, the 

variability of the average log10 reductions of the water controls of laboratory LC0008 proved 

to be significantly higher than the variability of the other laboratories (Cochran test at level 

1%). The respective values have been eliminated from the further analysis of the average 

log10 of the water controls.  
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109. The following Table 11 summarizes the statistical parameters obtained in the analysis. 

It should be noted that the parameters for Adenovirus type 5 (well count) are based on the 

values of 3 laboratories only and therefore no great importance should be attached to these 

values. 

110. For Adenovirus type 5 (TCID50) the overall mean values of the log10 of the water 

controls lies within the demanded range of 4.5 - 6. For Adenovirus type 5 (well count), the 

overall mean is clearly lower than the overall mean for the TCID50 methods, for peracetic acid 

it even is below 4.5.  For the other organisms, the overall mean lies within the demanded 

range of 5.5 - 7 log10 only for Bacillus subtilis, Mycobacterium terrae and Staphylococcus 

aureus. For Pseudomonas aeruginosa the overall mean is slightly smaller than 5.5, whereas 

for Aspergillus niger, for both substances the overall mean values is clearly smaller than 5.5. 

111. For each organism, the parameters (mean and standard deviations) for the different 

substances are very similar.  

112. The highest reproducibility standard deviation can be observed for Bacillus subtilis and 

peracetic acid, the lowest value has been obtained for Aspergillus niger and glutaraldehyde.  

113. The highest repeatability standard deviation can be observed for Mycobacterium 

terrae and glutaraldehyde, the lowest value has been obtained for Mycobacterium terrae and 

phenol. 

114. In the Annex Analysis of water controls in phase 1, p. 168, for each combination of 

organism and substance the variability of the average log10 of the water controls over the 

runs is shown as well as the kernel density estimation of the average log10 of the water 

controls.  

115. Highly varying water control results of the laboratories lead to the decision that the 

normalized approach is the more advantageous option. For example, in the initial ring trial in 

phase 1 for Bacillus subtilis and peracetic acid the average log10 of the water controls ranged 

between 4 and 7.3. The normalized approach set all water controls to 100% with which a 

more uniform presentation of the results is possible. 
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Table 11: Parameters of the statistical analysis of the average log10 of the water controls 

 Organism  Substance 
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Adenovirus type 5 
(TCID50) 

 

glutaraldehyde 10 10 5.98 0.76 0.29 

peracetic acid 10 10 5.83 0.94 0.24 

Adenovirus type 5 
(well count) 

glutaraldehyde 3 3 4.53 (0.55) (0.13) 

peracetic acid 3 3 4.35 (0.53) (0.53) 

Aspergillus niger  glutaraldehyde 5 5 4.78 0.52 0.18 

 peracetic acid 5 5 4.77 0.56 0.15 

Bacillus subtilis  peracetic acid 5 5 6.19 1.16 0.17 

Mycobacterium 
terrae 

 phenol 6 5 6.41 0.86 0.11 

 glutaraldehyde 6 6 6.50 0.82 0.39 

 peracetic acid 6 5 6.38 0.81 0.14 

Pseudomonas 
aeruginosa 

 glutaraldehyde 8 8 5.30 0.78 0.31 

 peracetic acid 8 8 5.44 0.71 0.28 

Staphylococcus 
aureus 

benzalkonium 
chloride 

13 13 6.34 0.64 0.29 

glutaraldehyde 13 13 6.45 0.62 0.23 

peracetic acid 13 13 6.48 0.63 0.20 
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Statistical outlier identification with regard to the single log10 CFU values of each carrier 

116. The following table summarizes all identified outliers of the single log10 CFU values of 

each carrier. These outlier carriers have been eliminated and do not contribute to any further 

statistical analysis. 

117. For Adenovirus type 5 (well count) and Pseudomonas aeruginosa no outliers could be 

identified for either substance. For Aspergillus niger no outliers could be identified for the 

measurements with glutaraldehyde.  

 

Table 12: Outliers with regard to the single log10 CFU values of each carrier 

 Organism Substance Lab Code Run 

Outlier 

Carrier Concentration 

Adenovirus type 5 
(TCID50) 

peracetic acid LC0033 3 11 75 ppm 

glutaraldehyde LC0006 3 6 250 ppm 

Aspergillus niger peracetic acid LC0011 1 4 400 ppm 

LC0022 1 16 25 ppm 

Bacillus subtilis peracetic acid LC0011 1 5 1200 ppm 

Mycobacterium terrae phenol LC0012 2 1 20000 ppm 

peracetic acid LC0011 1 4 700 ppm 

LC0011 2 6 700 ppm 

LC0011 2 10 500 ppm 

glutaraldehyde LC0008 2 5 20000 ppm 

LC0011 1 3 25000 ppm 

LC0021 1 4 20000 ppm 

Staphylococcus aureus peracetic acid LC0011 1 13 20 ppm 

LC0028 1 6 110 ppm 

benzalkonium 
chloride 

LC0004 2 15 1000 ppm 

LC0008 1 15 2500 ppm 

LC0012 1 12 2500 ppm 

 

Minimum requirements 

118. The following table summarizes all runs not regarded, because the minimum 

requirement has not been fulfilled. The last column gives the reason for the exclusion of the 

data. None of the data will contribute to any further statistical analysis. 

119. For Adenovirus type 5 (TCID50 and well count), Bacillus subtilis and Mycobacterium 

terrae no runs that do not fulfill the minimum requirements have been identified. 
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Table 13: Runs not regarded because the minimum requirement has not been fulfilled  
(AWC = average log10 of the water controls) 

 Organism Substance 
Lab 

Code 
Run  Reason 

Aspergillus niger peracetic acid LC0019 1 all values excluded due to rules 0 - V 

glutaraldehyde LC0019 1 only two values available and both equal AWC 

Pseudomonas  

aeruginosa 

glutaraldehyde LC0004 3 only one value not equaling AWC 

LC0019 1 all values equal AWC 

peracetic acid LC0004 1 all values equal AWC 

LC0019 1 all values equal AWC 

LC0026 1 + 2 implausible values 

Staphylococcus  

aureus 

peracetic acid LC0000 1 only two values available and both equal AWC 

LC0004 1 all values equal AWC 

LC0004 2 + 3 only one value not equaling AWC 

LC0008 1 only one value not equaling AWC 

LC0010 1 only one value available 

LC0012 1 only one value not equaling AWC  

LC0019 1 all values equal AWC 

LC0020 1 implausible values 

LC0022 1 all values equal AWC 

LC0028 1 all values equal AWC 

LC0028 3 only one value not equaling AWC 

glutaraldehyde LC0010 1 only one value not equaling AWC 

LC0019 1 only one value available 

LC0022 1 only one value not equaling AWC 

benzalkonium 
chloride 

LC0004 2 only one value not equaling AWC 

LC0010 1 implausible values  

LC0019 1 all values equal AWC 

LC0022 1 only one value not equaling AWC 

 

Statistical outlier identification with regard to the run-specific inactivation curves 

120. The following table summarizes the results of the three outlier tests with regard to the 

run-specific inactivation curves according to the normalized approach. These outlier 

laboratories (or runs) do not contribute to any further statistical analysis.  

121. Since for Adenovirus type 5 (well count) data of only three laboratories is available, no 

outlier tests are carried out. 

122. The Grubbs test with regard to the mean concentration at a normalized log reduction 

of 50% never yielded in any significant result.  

123. For Aspergillus niger and peracetic acid no outlier laboratories (or runs) could be 

identified at all. 
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124. It has to be noted that the values of laboratory LC0007 for Mycobacterium terrae and 

phenol had to be excluded from the dataset as well. The respective values exhibit a very slow 

increase (see also the respective figure in the Annex Normalized run-specific inactivation 

curves of phase 1, p. 177) and including these values would cause a bias of the results. No 

outlier test identified all runs as outlier runs, because the standard deviation is very small and 

the mean value at a normalized log10 reduction of 50% does not differ significantly from the 

mean values of the other laboratories. If, however, a different normalized log10 reduction had 

been assumed as test level (e.g. 80%), the runs would clearly have been identified as outlier 

runs. 

 

Table 14: Eliminated outlier laboratories (or runs) due to deviations of the run-specific inactivation curves 

Organism Substance RSD (Cochran) 

Mean 
concentration at 
normalized log10 

reduction  

of 50% 

(Grubbs) 

Standard 
deviation of 

concentrations at 
normalized log10 

reduction  

of 50% 

(Cochran) 

Adenovirus type 5 
(TCID50) 

peracetic acid - - LC0022 - Run 3 

glutaraldehyde LC0001 - LC0006 

 Aspergillus niger glutaraldehyde LC0022 - - 

peracetic acid - - - 

Bacillus subtilis peracetic acid - - - 

Mycobacterium  

terrae 

peracetic acid - - - 

phenol - - 

LC0007 - Run 1 

(see also paragraph 
124) 

glutaraldehyde LC0011 - - 

Pseudomonas 
aeruginosa 

peracetic acid - - LC0004 

glutaraldehyde LC0026 - - 

Staphylococcus  

aureus 

peracetic acid - - - 

glutaraldehyde LC0020 - LC0010 

benzalkonium 
chloride 

LC0012 - - 
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125. The following figures show the run-specific inactivation curves for the normalized 

approach for each combination of organism and substance. Outlier inactivation curves that will 

be eliminated from further statistical analyses are marked by different colors. The respective 

laboratory is specified in the caption. The remaining inactivation curves, i.e. non-outliers on 

which all further statistical analyses will be based in, are shown in a light-grey. 

 

Figure 2: Run-specific inactivation curves for Adenovirus type 5 (TCID50) and glutaraldehyde 
(red: LC0001, green: LC0006) 
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Figure 3: Run-specific inactivation curves for Adenovirus type 5 (TCID50) and peracetic acid  
(green: LC0022 ï run 3) 
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Figure 4: Run-specific inactivation curves for Aspergillus niger and glutaraldehyde 
(red: LC0022) 
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Figure 5: Run-specific inactivation curves for Aspergillus niger and peracetic acid 
(no outliers) 
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Figure 6: Run-specific inactivation curves for Bacillus subtilis and peracetic acid 
(no outliers) 
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Figure 7: Run-specific inactivation curves for Mycobacterium terrae and glutaraldehyde 
(red: LC0011) 
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Figure 8: Run-specific inactivation curves for Mycobacterium terrae and peracetic acid 
(no outliers) 
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Figure 9: Run-specific inactivation curves for Mycobacterium terrae and phenol 
(blue: LC0007) 
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Figure 10: Run-specific inactivation curves for Pseudomonas aeruginosa and glutaraldehyde 
(red: LC0026) 
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Figure 11: Run-specific inactivation curves for Pseudomonas aeruginosa and peracetic acid 
(green: LC0004) 
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Figure 12: Run-specific inactivation curves Staphylococcus aureus and benzalkonium chloride  
 (red: LC0012) 
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Figure 13: Run-specific inactivation curves Staphylococcus aureus and glutaraldehyde  
 (green: LC0010, red: LC0020)  
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quo data GmbH 

Figure 14: Run-specific inactivation curves Staphylococcus aureus and peracetic acid 
(no outliers) 
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Final run-specific inactivation curves 

126. In the following, for each combination of organism and substance, a figure with all final 

run-specific inactivation curves is shown. In this figure, the mean log10 reductions at each 

concentration level are displayed as well. Not regarded runs as well as outlier runs are not 

shown in the figures. 

127. Extrapolated run-specific inactivation curves are shown as thin continuations of the 

non-extrapolated curve. This applies to cases where the mean log10 reduction of the 

available runs at the smallest concentration level is larger than 2 and for concentrations larger 

than the last concentration included in the estimation of the curve. 

128. In the Annex Normalized run-specific inactivation curves of phase 1, p. 177, the run-

specific inactivation curves for each laboratory are shown in separate figures.  
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Figure 15: Single normalized log10 reductions and run-specific normalized inactivation curves for 
Adenovirus type 5 (TCID50) and glutaraldehyde  
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