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Reactor made of

inert materials
Control and treated coupons
in the same reactor

Baffled stir bar
for consistent
shear

Twenty-four coupans for
more sampling opportunities

Various coupon materials
are available and are
interchangable with RDR
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Attributes of an antimicrobial test method: Seven R’s

= Relevance

= Reasonableness

= Resemblance (positive controls)
= Repeatability (intra-lab)

= Responsiveness

= Ruggedness

= Reproducibility (inter-lab)
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Attributes of an antimicrobial test method: 7 R's + 2

= Ruggedness

= Reproducibility (inter-lab)
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Two R Modules Based on This Talk

Ruggedness Reproducibility
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Ruggedness

A standard laboratory method is said to be rugged if the
outcome is unaffected by slight departures from the
protocol.

mixed effects regression or ANOVA
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STM Ruggedness Testing

Parameters in the protocol:

= Sonication Power: 20, 80, 200 watts

= Sonication Duration: 25, 30, 35 minutes

= Degas: Yes or No

Twenty-four coupons for
meore sampling opportunities
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STM Ruggedness Test Design

Experiment # Power (W) Time (s)
1 20 35 Yes
1 200 25 Yes
1 20 25 Yes
1 80 30 Yes
1 200 35 Yes
2 200 35 No
2 80 30 No
2 20 35 No
2 20 25 No
2 200 25 No
2 80 30 Yes
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STM Ruggedness Testing of the Controls
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STM Ruggedness Regression Equations

When no degassing:
LD = 8.45 - 0.0004(Power — 80) - 0.0085(Duration -30) - 6x10-°(Power — 80)*(Duration -30)

When degassed:
LD = 8.33 - 0.0002(Power — 80) - 0.0153(Duration -30) +0.0002(Power — 80)*(Duration -30)

" All terms are small and not of practical importance inside the range
of values tested

" None of the terms are statistically significantly larger than zero

So the STM is Rugged to

= Sonication whether Degas is on or off,

= Sonication Power changes from 20W - 200W
= Sonication Time from 25s - 35s

The regression model allows one to:

« quantifiably predict how deviations from the SOP affect the control LDs

« predict STM Control Reproducibility (if the variation across Degas, Power
oy and Time in the ruggedness tests represent variation across labs)
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STM Ruggedness Regression in R

Start with the most complex linear model with all interactions

m
summary (m)

##Fixed effects:

##DegasY

lmer (LD ~ Degas*I (Power-80)*I (Time - 30) + (1|Exp), data=d)

Estimate Std. Error df t wvalue Pr(>|t])
## (Intercept) 8.366e+00 9.86le-02 1.119e+00 84.839 0.00455 **

1.319e-02 6.519e-02 2.317e+01 0.202 0.84145
##I (Power - 80) -3.900e-04 3.397e-04 2.400e+01 -1.148 0.26228
##I (Time - 30) -8.460e-03 6.517e-03 2.400e+01 -1.298 0.20655
##DegasY:I (Power - 80) 2.532e-04 4.802e-04 2.404e+01 0.527 0.60281
##DegasY:I (Time - 30) -6.903e-03 9.216e-03 2.400e+01 -0.749 0.46110
|'HT1'('Power = 80) :1(Tfime - 30) —5.823e-06 ©6.869e-05 Z2.400ef0I -0.085 0.9331‘5_.|
##DegasY:I (Power - 80) :I(Time - 30) 2.054e-04 9.715e-05 2.400e+01 2.114 0.04510
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STM Ruggedness Regression in R

Because of the 3-way interaction, get the Final Regression by
fitting to each Degas level

m.DegasN = 1lm(LD ~ I (Power-80)*I(Time - 30) ,data=d[d$Degas=="N",])
m.DegasY = 1m(LD ~ I (Power-80)*I(Time - 30) ,data=d[d$Degas=="Y",])
summary (m.DegasY)

Estimate Std. Error t wvalue Pr(>|t]|)

## (Intercept) 8.326e+00 3.667e-02 227.023 <2e-16 ***
## I (Power - 80) -2.354e-04 4.735e-04 -0.497 0.6267
## I (Time - 30) -1.536e-02 9.148e-03 -1.679 0.1152

## I (Power - 80) :I(Time - 30) 1.995e-04 9.643e-05 2.069 0 . 057 S,

" All terms are small and not of practical importance inside the range
of values tested

= None of the terms are statistically significantly larger than zero
" The coefficient estimaes give the regression equations provided earlier.
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Reproducibility

The response of interest (many times a
log reduction measure of antimicrobial
efficacy) should be repeatable within a lab and
reproducible across multiple labs,
quantified by a small

repl‘OdUCibility SD mixed effects ANOVA

This assessment requires data from a
multi-laboratory study
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https://www.biofilm.montana.edu/documents-reports/knowledge-sharing-articles.htmi
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STM Reproducibility (CBE/ASTM 2012)
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Reproducibility of STM applied to NaOCI in R

m = lmer (LR ~ (1|Lab),

data=d[dSChemical=="Chlorine" &d$Conc=="HIGH",])

summary (m)
## Random effects:

## Groups Name Variance _ 1/2
## Lab 0.2671 Sg = [0.27 + 1.71]

## Residual 1.7055 = 1.404

## Number of obs: 18, groups: Lab, 6

## Fixed effects:

## Estimate Std. Error _ | )
## (Intercept) 3.8906 0.3732 Jmean LR = 3'89I

confint (m)

Computing profile confidence intervals
2.5 % 97.5 %

(Intercept) 3.1002697 4.680862

959% Confident that
the true mean LR
for Chlorine when

applied via the STM

is larger than 3




Reproducibility among labs for the STM

Quantification of the 6-lab collaborative study in 2012:

Chemical Mean Within Among  Reproducibility
Conc. LR lab% lab % SD
NaOCl  yigH 380  86%  14% 1.404
e LOW 0232 7% 29% 0.891 ..
Phenol  LiGH 378 18% 82% 1.349
e LOW 0332 100% 0% 1345
Quat HIGH 458  75% 25% 1.668
alcohol 15w 271 63% 37% 0.922
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STM: Investigating how reproducibility changes vs. LRs ...
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STM Reproducibility in a graph ...

Reproducibility SD
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MBEC Reproducibility of the LRs
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MBEC Reproducibility of the LRs

Parker et al. JMM,
2014; ASTM RR:E35-
1006, 2011

Efficacy Mean

Treatment (x2) LR Reproducibility SD

8 5.5 1.2205

7 4.41 1.5196

6 3.03 1.6771

Oxidizer 5 1.72 1.6986
4 0.6 1.2488

3 -0.08 0.6453

2 -0.19 0.4687

1 -0.18 0.5223

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s e e

7 4.76 1.2747

6 2.59 1.3979

Phenol 5 1.15 1.1905

4 0.34 0.6059

3 -0.02 0.3509

2 -0.11 0.2683

1 -0.15 0.3009

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s aen e,

7 2.26 1.4522

6 1.34 1.2406

Quat 5 0.95 1.1715

4 0.58 1.0394

3 0.18 0.5501

2 -0.01 0.4472

1 -0.11 0.3598
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MBEC Reproducibility in a graph ...

Reproducibility SD

ASTM E2799, Fig. 6

Reproducbility SD versus lab means
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MBEC: Investigating how reproducibility changes vs. LRs ...

Reproducibility SD

3 4 5

Mean LR
Parker et al., Scientific Reports 2018.
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ASTM biofilm methods: Reproducibility is a quadratic function of the LR

Reproducibility SD

Pseudomonas aeruginosa biofilms
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Dried surface methods: Reproducibility is a quadratic function of the LR
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Sporicide methods: Reproducibility is a quadratic function of the LR

Reproducibility SD (SR)
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Reproducibility is a quadratic function of the LR for any microbial response

Early Staph biofilms
attacked by
neutrophils,
assessed by

surface coverage

Pettygrove et al, Frontiers Micro 2022
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Any questions?
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