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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

An appropriate approach for the validation of binary methods will often differ considerably from that
of quantitative methods. Nevertheless, core concepts from the validation of quantitative methods can
be successfully carried over to binary methods. In particular, the precision of a method - a performance
characteristic usually associated with quantitative methods - can be determined for the level of
detection (LOD) of binary methods.
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el validation approaches have been proposed in which the reproducibility of a binarymet
ermined and meaningfully interpreted.

example from the field of microbiology. Take the case that, in the validation ‘study, a met

bending on the laboratory or on the test conditions. Failing to detect the occasional unre
method could lead to mistakes in routine laboratory determinations! 'On the other hand
B00 CFU/ml is obtained in the validation study, the method willknoet be validated even t}
fessive LOD is not representative of its average performance~Accordingly, both the ave
ue and the reproducibility parameter - describing the variability of the LOD across labof
t conditions - capture important information about the-performance of the method and
ermined in the course of the validation process.

order to accomplish this, a suitable approach should be identified for the conversion of f
ults into quantitative ones. In this standard, twg \parametric models for the calculation g
|1 be used: one model for methods for discrete measurands, e.g. microbiological and P
hin Reaction (PCR) methods, and one modelfor methods for continuous measurands, e.g
thods.

o different study designs will be applied. In the conventional approach, test conditions vary
m one laboratory to the other~wlrereas in the factorial approach, at least to some e

'h as the variability arising in connection with different analysts, different instruments|
5 of reagents, different eldpsed assay times, different assay temperatures etc. Such an app
bws a reduction in workload and fewer participating laboratories.

letermined as 3 CFU/ml (CFU = colony forming unit), but that the LODZis Sometimes mtu
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Reproducibility of the level of detection (LOD) of binary
methods in collaborative and in-house validation studies
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binary (qualitative) test methods for continuous measurands, e.g. the content,of a
substance, and

binary (qualitative) test methods for discrete measurands, e.g. the number of RNA ¢
sample.

e reproducibility precision is determined according to ISO 5725 (all pants).

pcision estimates are subject to random variability. Accordingly, it is important to
uncertainty associated with each estimate, and to understand the relationship bet
Certainty, the number of participants and the experimentaldesign. This document thus pr
y a description of statistical tools for the calculation of{the LOD reproducibility precisio}
the standard error of the estimates.

Normative references

co

Thf following documents are referred to inithé text in such a way that some or all of the
stitutes requirements of this document. For dated references, only the edition cited applies. For

f the level
chemical
ppies in a
Hetermine
ween this

bvides not
1, but also

ir content
5) applies.

ms used in

1: General

725-1 and

ESSeS:

unfated references, the latest edition of the referenced document (including any amendment
ISQ 3534-1, Statistics — Vocabulany and symbols — Part 1: General statistical terms and ter
probability
IS) 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part
principles and definitions
3 | Terms and definitions
For the purpasés of this document, the terms and definitions given in ISO 3534-1 and ISO 5
the following)apply.
ISQ and YEC maintain terminology databases for use in standardization at the following addr
— LISO Onlina braowcinag nlatform. avgailahln At httne. //oazuazazrica arg /ol

ISO-Online browsingplatformavailableathttps/wwwise-or =/obp
— IEC Electropedia: available at https://www.electropedia.org/
31
factor

binary or quantitative parameter within the method that can be varied at two or more levels within the
limits of the specified method

EXAMPLE Technician.
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factor level
value of the factors (3.1) within the experimental design

EXAMPLE

3.3

Technician 1, Technician 2, etc.

level of detection

LOD

concentration from which on the POD (3.4) is not below a specified limit, e.g. 0,5 or 0,95 (LOD5q, or

LODgs0,)-

Note 1 to
ISO 16140
methods fd

from the alpsence of that analyte with a stated confidence level.

Note 2 to ¢
mean not g
but also th
quantified

3.4

probability of detection

POD
probabilit
specific sg

Note 1 to e
ISO/TS 163

Note 2 to 4
value whic

3.5

rate of ddtection

ROD
proportio

several tines with a specific sample

Note 1 to 4
result of a

entry: This definition is mathematically equivalent to the definitions for “level of detection’
1021, ISO 16140-2B1 and I1SO 16140-4[41. It differs from the definition used for chemical and‘phys

in
cal

r which a “limit of detection” is defined as the lowest quantity of an analyte that can be distinguished

ntry: In this document, the term concentration (or concentration level) is used as,a generic term
nly the actual concentration in the case of a measurand that can be quantified‘oh a continuous sc
e number of colony forming units or DNA copies per aliquot in the case of measurands which

on a discrete scale.

y of a positive analytical outcome of a qualitative testunéthod at a given concentration fg
mple type

ntry: This definition is based on the two slightly different definitions for “probability of detection|

93l6l and ISO 16140-1, ISO 16140-2 and I1SO 16140-4.

ntry: The POD is a measure of the probability~of a positive analytical result and thus a theoret
h can be approximated by a mathematical mrodel.

h of positive analytical oufcomes in a test series, when a qualitative method is perforn

ntry: The ROD is not-a.theoretical value based on a mathematical model [like the POD (3.4)] but
eries of repeated tésts' performed on a given sample.

to
hle,
hre

cal

ed

the

4 Symbols

p number of participating laboratories

o—f between-laboratory variance

POD=P probability of detection

X concentration level (see Note 1 to entry 3.3) at which the POD is calculated

ROD rate of detection

LODsgq, = Lsy 50 % of the level of detection

LODgso, = Lgs 95 % of the level of detection

L HBC global model parameters for the four-parameter sigmoid curve

2 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=2b0d11d33429ad6e1d158a7ce5a145e6

ISO/TS 27878

a; laboratory-specific correction of laboratory i for the global inflection point C
N(,u,oz) normal distribution with mean y and variance o2
5 General principles

5.1 General considerations

:2023(E)

In
mg
or

pr

Th
ay
m4
thg
va
me
arq

Th
md
for

5.

Th
all
all

sane conditions and directly one after the other. Test results are considered to have beer

frq
va

NO
in
dis

5.]

Co
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f statistical methods described in this document are applicable for binary testimethods W

e conventional approach is based on theiassumption that, according to the design used in I

D1 L‘lEl LU CIISUIcC Lhdl, LSS5 dI'c LUULIULLELI ill L}IU >dAIIIC ITIdIITICT ill dil pdl LiLideillg ld‘UUl dlUI it
thod should be standardized. All tests forming part of an experiment within an individuall
of an interlaboratory experiment shall be carried out according to the correspondjrng)sta
tocol.

es/no result (e.g. the substance of interest is present or absent). For such’test methods,
in criteria of the method’s fitness for purpose is the level of detection/(ezg. LODsq, or LQ

(concentration) level required to ensure a POD of 50 % or 95 %. The'aim is thus to deter
ues for the individual laboratories as well as an overall LOD across-laboratories. The preci
thod can then be evaluated in terms of the variability to which the laboratory-specific L
 subjected.

thematical model for the relationship between level, x;and probability of detection POD; (
laboratory i: The LODgys,, of laboratory i is then the lowest level, x, for which POD; (x)=F;

Considerations for the conventionalapproach

tests are performed under repeatability conditions in each of the laboratories involved. In |
tests in the laboratory are perfermed by the same technician, with the same equipment,

m different laboratories under reproducibility conditions, i.e. many factors contribute to
[ability, e.g. differences in equipment, environmental conditions, reagent batches or techn

TE Validation protocols according to the conventional approach based on LOD and POD ca
SO 16140-2, ISO 16140-4 and ISO/TS 16393 and AOAC Guidelines!Zl. Examples and further pr

3 Considerations for the factorial approach

mparedito the conventional approach, in which tests are made under repeatability conditio
the'laboratories, the factorial approach systematically varies one or more factors. For ins

s, the test
aboratory
ndardized

hich yield
pne of the
Dgso,), i.e.
mine LOD
sion of the
0D values

e laboratory-specific LOD values and the mean LOD acrgss\laboratories can be computed ased on a

x)=P;(x)
x)> 0,95

0 5725-2,
barticular,
under the
obtained
observed
ician.

h be found
btocols are

ns in each
ance, half

th

fests are conducted with reagents from batch A, and the other half with reagents frorx

batch B.

Thus, the factorial approach makes it possible to ensure the full spectrum of test conditions is covered
in the validation study and assess contributions to variability from separate sources of error. This
approach translates to more efficient and reliable estimation of the total variability.

NO

TE

are given in ISO 16140-4[4] and ISO 1614.0-5[31,
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6 Conventional approach

6.1 Experimental design

Results from at least 8 participants, 4 concentration levels, and 8 replicates per level and laboratory
are required to obtain a statistically reliable POD curve. However, with such a design, the reliability
of the results may not be sufficient and will need to be checked. For more reliable estimation of the
LOD and the corresponding variability, it is recommended that results from at least 8 participants,
5 concentration levels, and 12 replicates per level and laboratory are available. If the number of
participants is increased, the number of replicates can be reduced.

The lowegt concentration level should be selected so that no further reduction in POD is expected,
even if thg concentration level is further reduced. The highest concentration level should be selected in
such a waly that no further increase in POD is to be expected even if the concentration leyelis further
increased| The expected proportions of positive test results across laboratories should\be betwgen
20 % and BO % for at least two concentration levels.

The propdrtion of positive test results expected at the beginning of the collaboratiye-trial usually differs
from the final POD. This may mean that the proportion of positive test resultsactually determined in
the collabprative trial does not meet the above requirements. In this case, thejresults of the evaluatjon
and, in particular, the calculated reproducibility of the LOD can only be regarded as an estimate.

NOTE These recommendations for the experimental design are based.én simulation studies in which fhe
standard efror of the estimate of the laboratory standard deviation was€yvaluated.

6.2 Statistical model for methods for continuous measurands

The calculation of the LOD is based on a generalized linearrmixed-effects model (GLMM) together wiith
a four-parameter sigmoid curve given by Formula (1):

L-H
POD; F P =—————+H (1)
1+ 2
a;C
where
i denotes the laboratory (i =1, 2,..., p);

POD; + P, denote the probability of detection for laboratory i;
X denotes-agiven concentration level;
L,H R, C areglobal model parameters (i.e. they are valid across all laboratories);

denotes the laboratory-specific correction of laboratory i;

C danatac tha
TTOTES—Trc

o

It is assumed that the parameters, L (lowest probability of detection), H (highest probability of
detection), and B (slope) are the same for all laboratories. The product g;C describes the location of the
inflection point of the curve for laboratory i; for L = 0 %, H = 100 %, it corresponds to the concentration
at which a POD of 50 % is reached. The value of this product is thus a direct measure of the performance
of the specific laboratory. The parameter, C, corresponds to the performance of an average laboratory.

4 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=2b0d11d33429ad6e1d158a7ce5a145e6

ISO/TS 27878

:2023(E)

The g, values are modelled as realizations of a random variable: It is assumed that the In g; values follow
a normal distribution with

Ing; ~N(0,0'f)

The parameters L, H, B, C and 0',% can be provided by maximum likelihood estimation, e.g. in

mathematical-statistical software package. The variance Gf characterizes the variability of sensitivity
between laboratories.

NOTE1  Although there is no guarantee that the distribution of In g; values actually followsy
distribution, the log transformation usually leads to a better approximation of the normal distribu
method displays poor precision, then the prediction range of the LOD values without log transféorm
incdlude infeasible negative values.

NOTE 2 It is assumed that the parameters L, H, C and B are the same for all labordtories, i.e. tha
of the curve is sigmoidal and the same across laboratories. It should be checked whether this ass
justified, e.g. through a graphic check of laboratory-specific POD curves.

a normal
tion. If the
htion could

F the shape
umption is

The interpretation of the parameters will be explained with an,.éxample, see Referenge [13]. A
collaborative study of a method for the binary analysis of gluten,in’corn products was corjducted to
demonstrate that the binary test method can detect gluten contaminations below the thfeshold of
20{mg/kg gluten. A total of four corn sample lots with different gluten concentrations was submitted
to |18 laboratories to evaluate the sensitivity and reproducibility of the test method. Each| of the 18
laHoratories conducted 10 tests for each of four concentration levels. Table 1 provides the corrgsponding
numbers of positive results per laboratory and concentration level.
Table 1 — Number of positive test results per concentration level and laboratory (10 r¢plicates)
Laboratory Concentration level

No. 0,88 mg/kg () 2,42mg/kg 5,48 mg/kg 9,38 mg/kg

01 0 10 10 10

02 0 10 10 10

03 0 10 10 10

04 0 10 10 10

05 0 10 10 10

06 0 10 10 10

07 0 10 10 10

08 0 9 10 10

09 0 10 10 10

10 0 9 8 10

11 0 10 10 10

12 0 10 10 10

13 0 10 10 10

14 0 10 10 10

15 0 9 10 10

16 0 10 10 10

17 0 10 10 10

18 2 10 10 10

Figure 1 shows the POD curve of a laboratory with average performance (solid line) along with 95 %
prediction range of laboratory-specific POD (dark grey zone) and 95 % prediction range of laboratory-
specific RODs (light grey step-functions). The numbers adjacent to the diamonds indicate the
laboratory numbers having obtained the corresponding ROD.

© IS0 2023 - All rights reserved
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For instance, at the concentration level 0,88 mg/kg, one laboratory has an ROD of 0,2, and 17
laboratories have an ROD of 0. Comparison with Table 1 shows that the laboratory with the ROD of
0,2 is laboratory 18. The light grey step-functions show the 95 % prediction range for the ROD values,
obtained from simulation runs performed on the basis of the parameter estimates (Monte Carlo
simulation). Figure 1 can be read as follows: a POD of 80 % is reached by a laboratory with an average
performance at a concentration of about 1,7 mg/kg (solid line), whereas a top-performing laboratory
will reach this POD at 1,3 mg/kg (upper dark grey zone) and a low-performing laboratory will need a
concentration of about 2,2 mg/kg (lower dark grey zone).

NOTE 3  None of the selected concentration levels is within the 20 % to 80 % interval; therefore, the calculated

reproduci ;1;t)’ dﬂtﬂ cAalr Ulll_y b\' \'Ullo;d\'l \fd ao dIir ;llﬂ\,\,ul Clt\' \'Jt;lllﬂt\f-
Y
15 17 18
1 o Py A
0,9 *
. 3 1

0,8 . r .

0,7 ,

06 / -

0,5 [ J

0,4 .

0,3 / ¢

0,2 .

0,1 A -

0

0 2 3 4. 5 6 7 8 9 10 X
Key
X concentration, in mg/kg Y PODand ROD
Figure 1 — Mean POD curve, laboratory-specific RODs and prediction ranges

A special [case of the modehint 6.2 with L = 0, H = 1 and constant g, value is equivalent to the ldgit
model for|x > 0. In otherwords, the logit model is already included in the model in 6.2. In practical
terms, this statement@lso holds for the probit model, since it is very similar to the logit model, see ¢.g.
Reference] [14].
If continupus test results are available, the validation study should be based on these rather than{on
the corredpending binary results. In other words, insofar as binary results are obtained by comparjng
continuouls test results to a threshold, the lahoratories should subhmit the aoriginal continuons results,

and the comparison with the threshold should be conducted as part of the validation study.

In many cases, the original continuous results will not be available, of course. In particular, in many
cases, the assay yields a binary result, even though it is based on a continuous response.

Finally, it should be noted that the estimate of the between-laboratory variance Gf obtained from the

binary results on the basis of the model described above is closely related to the between-laboratory
standard deviation o, from ISO 5725-2. Indeed, if p laboratories each submitted two replicate LOD

6 © IS0 2023 - All rights reserved
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values in a collaborative study, it would be possible to consider the o, estimate computed according to
ISO 5725-2 to be equivalent to the o estimate as computed here.

NOTE4 Given an estimate for a variance (such as the between-laboratory variance estimate 0'1% mentioned
above), the corresponding standard deviation is obtained by taking the square root.

6.3 Statistical model for methods for discrete measurands

In the case of measurands quantlfled on a dlscrete scale (e.g. mlcroblologlcal culture methods or
gson is the

thd
x denotes e.g. the number of colony-forming units or DNA copies per test porfion. For the sake of
teriminological convenience, these discrete quantities are referred to as concenttiation levels (fee Note 1
to |entry to definition 3.3) but, in the case of the discrete measurands considered here, differences
between the actual concentration in a test portion and the nominal concentration can no|longer be
asgumed to be negligible; rather, for a given nominal concentration level;the actual concentrafion levels
of test portions are assumed to be subject to random variability and-to follow a Poisson di§tribution.
Thijis assumption will be referred to in the following as the “Poiss@n*assumption”. For this rgason, the
cldglog (complementary-log-log) model is appropriate for the calculation of the LOD and its yariability
in the case of discrete measurands; accordingly, the following generalized mixed linear mod¢l (GLMM)
is applied:

In{-In[1-POD; (x)]} =Ina; + blnx

whHere

i denotes the laboratory (i = 1,2,...,p);
x denotes a given concentrationdevel;

b isaglobal positive parameter that models the dependence of the sensitivity on the congentration
level;

a.:

; denotes the sensitivity corresponding to laboratory i.

NOTE1  The Poisson‘aSsumption requires that POD; (x)=P, =0 for x=0. This means that the alpove model

shquld only be used if’ the number of false-positive results is negligible. Another consequence of the Poisson
asqumption is tatvPOD, (x)=P;(x) will approach 1 with increasing x; in other words, the mddel is also

sugceptible to.false negatives. This assumption constitutes an important difference to the four-parameter model
discussed ih.6¢2, which admits both false positives and false negatives.

NOTE2\ ' The complementary log-log model is a standard model for microbiological methods and |qualitative
PCR."The model establishes a relationship between the probability of a positive result and the conjcentration,
when a test portion is taken from a homogeneous sample. It is assumed that the probability of detecting an
individual cell or DNA (RNA) copy does not depend on the concentration level. The probability of a positive result
is then simply derived from the Poisson distribution: a qualitative result is positive if at least one cell or DNA
(RNA) copy is detected.

It is assumed that the In g, values follow a normal distribution with
lnai~N(,u,of), p=Ina.

The three parameters a,of and b can be determined by maximum likelihood estimation in standard

statistical software such as R. The parameter a represents the average sensitivity parameter (at x = 1)

across laboratories and the variance G% characterizes the variability of sensitivity between

©1S0 2023 - All rights reserved 7
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laboratories. Note that predicted values for the In a; can be computed once the three curve parameters
have been estimated.

For a derivation of the model, see Reference [15]. For further details (e.g. regarding the role of the
parameter b), see Reference [16].

It is assumed that the parameters a and b are the same for all laboratories, i.e. that the shape of the
curve is the same across laboratories. It should be checked whether this assumption is justified, e.g., by
means of a graphic check of laboratory-specific POD curves.

Once the estimates for the three model parameters and the predictors have been computed, an overall
POD curve¢, POD=P= 1—exp(—a-xb ) , can be plotted.

Consider fhe following example in Reference [17]. A collaborative study of a test methdd for the
qualitative (binary) detection of genetic modifications in rice products was conducted“in’ order{ to
demonstrpte that the binary test method can detect genetic modifications at a very low)eoncentratjon
level of the genetically modified rice (transgenic rice) in rice products. A total of six rice sample Ipts
with diffgrent DNA copy numbers were submitted to 17 laboratories to evaluate_the sensitivity gnd
reproducipility of the test method. Each of the 17 laboratories conducted si%“tests for each of [six
concentraltion levels. Table 2 displays the corresponding numbers of positive results per laboratory gnd
concentraftion level.

Table 2 — Number of positive test results per concentration level (number of copies per test
portion) and laboratory (six PCR replicates)
Laboratory Nominal number of DNA copies per test portion
No. 0,1 1 2 5 10 20
01 0 3 5 5 6 6
02 0 4 6 6 6 6
03 1 0 5 6 6 6
04 0 4 3 6 6 6
05 0 0 5 6 6 6
06 0 4 6 6 6 6
07 0 5 6 6 6 6
08 0 5 6 6 6 6
09 0 6 4 6 6 6
10 0 2 5 6 6 6
I 0 1 6 6 6 6
12 0 4 6 6 6 6
13 0 4 4 6 6 6
14 0 3 3 5 6 6
15 0 6 5 6 6 6
16 0 2 6 6 6 6
17 1 4 6 5 6 6

Figure 2 shows the POD curve of a laboratory with average performance (solid line) along with
predictions ranges for both the laboratory-specific POD curves and the concentration- and laboratory-
specific ROD values. For the POD curves, the 95 % prediction range is displayed (dark grey zone),
corresponding to the interval of typical variability for the POD curves. As far as the ROD values
are concerned, 90 % prediction ranges are displayed (light grey step-functions). These ranges
were obtained via simulation runs performed on the basis of the parameter estimates. The higher
significance level for the ROD values (10 % rather than 5 %) reflects the fact that the focus lies on the
identification of concentration-specific conspicuous ROD values, whereby “conspicuous” corresponds to
a 5 % one-sided level of significance. Two-sided consideration is not possible as for low POD values the
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lower prediction limit is 0, and for high POD values the higher prediction limit is 1; for low (high) POD
it cannot be tested whether ROD values are significantly lower (higher) than expected. The use of the
95 % and 90 % prediction ranges (for POD curves and ROD values, respectively) is only a suggestion.
Depending on the context, other values may be deemed more expedient.

The numbers adjacent to the diamonds indicate the laboratory numbers having obtained the
corresponding ROD. For instance, at the concentration level 5 DNA copies per test portion, three
laboratories have an ROD of 5/6 ~ 8,33 and 14 laboratories have an ROD of 1. Comparison with Table 2
shows that the three laboratories with the ROD of 0,83 are laboratories 01, 14, and 17. Figure 2 can be
read as follows: a POD of 50 % is reached by a laboratory with an average performance ata concentration
levetofabout+BiNA copy per-testportion (auhd liut:), whereas= top=per for g tabor atory will reach
this POD at a concentration level of about 0,6 DNA copies per test portion (upper dark grey,zohe). A low-
pefforming laboratory will need a concentration of about 1,2 DNA copies per test portion(lpwer dark
grey zone).

Y 2 14 17 17
1 “

L glee]

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2

0,1

0

100 X

Key
X | number of DNA copies
Y | POD and ROD

Figure’2— Mean POD curve, laboratory-specific RODs and prediction intervals

The primary precision validation parameter is the standard deviation ¢ . This parameter hgs a simple
inteppretation: it represents the relative between-laboratory variability of the LODgg ¢,. Thig standard
delziation could also he calculated bv means of a guantitative collaborative andy m‘rording to
ISO 5725-2 in which the measured characteristic would be the natural logarithm of the LODgs ;. If each
laboratory estimated its LODgs o, twice (using independent dilution series), the laboratory standard
deviation of the ln(LODQS%) values would be equal to the standard deviation o derived from the

complementary log-log approach described here. The advantage of the complementary log-log approach
is its statistical efficiency: the number of required replicates is much lower.

Instead of characterizing the variability by o , it would also be possible to provide the 95 % confidence

interval for the mean LOD: first, compute the average sensitivity as a=e"; then, compute
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LODgs o, = Lgs :% (see NOTE below); finally, the 95 % confidence interval can be derived by applying

(LOD95 %,upper )L95,up

the exponential function to both sides of the equation In =4.0;.

U“OD95 %,lower ) L95,lo
3
NOTE3 The identity L0D95%=L95=— is obtained as follows. Starting with the basic equation
a

POD=P=1—eXp(—a-Xb), and assuming b = 1, we have 0,95=1—exp(—a-L95=—a-LOD95%). After

rearranging and taking the log of both sides, this yields a-LODggq, =a-Lgz =—In(0,05)~3.

The complementary log-log approach described in this clause can be used only if the number of\false-
positive r¢sults is negligible. This assumption should be examined by a test series of blank samples.

6.4 Reljability of precision estimates

In order t¢ assess the reliability of the reproducibility precision estimate, a simulation €an be run either
on the bakis of resampling (bootstrapping) from the available measured data {say, 1 000 resamples)
or on the ppasis of a Monte Carlo simulation, whereby the parameters for the(underlying distributigns
are estimated from the available measured data (again, of the order of 1 00QSimulation runs). For each
simulatiof run or each resample, a precision estimate is then obtainedA confidence interval for the
theoreticdl reproducibility can then be obtained by means of the 2,5(% and 97,5 % percentiles of the
resulting flistribution of precision estimates.

7 Factorial approach

The two mpodels described in 6.2 and 6.3 can be expanded in order to accommodate the implementatjon
of a factqrial experimental design. Different influence factors are identified as probable sourges
of variability in this approach, e.g., different operators or reagent batches. These factors are then
systematifally varied in the design. Typically, eaeh-factor is varied across two levels, e.g., two operatprs
or two different reagent batches. If five factors-are included in the design, each with two levels, there
are thus 25 = 32 different combinations er.settings. Particularly efficient designs called orthogohal
designs mjake it possible to reduce the number of settings, e.g. from 32 to 8. For further information|on
orthogondl designs, see References [L5]\and [18].

1%
—_

Typically, |for each setting, replicate tests are carried out at different concentration levels (see Not
to entry t¢ definition 3.3.). Let@denote the number of concentration levels. The term run refers to the
performance of all the tests @bthe m concentration levels for one particular setting. In the case that n
replicate fests are performed at each concentration level, there are thus m-n test results per run.

Taking info account the different runs, the model described in 6.2 is now expanded as follows:

where, as[abeve, the subscript, i, represents the laboratory and In a; denotes a laboratory-specific (10g)
sensitivity effect. The subscript, j, represents the run, and In a;; denotes a laboratory- and run-specific
(log) sensitivity effect. The laboratory-specific run effect 1; can be expressed as the sum of factor

effects
M =Yi11 211 TVi12'Zjr2 v Vig1'Zjq1 T Vig2 Z jq2

where 7y, is the effect of factor, k (k=1,...,q ) in laboratory, i, for factor level, [, and Zjj is the design

matrix element (0 or 1) for run j, factor k, and factor level, I. Note that, as mentioned above, it is assumed
that every factor has two levels.
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https://standardsiso.com/api/?name=2b0d11d33429ad6e1d158a7ce5a145e6

ISO/TS 27878

:2023(E)

The within-laboratory effects y;; values are modelled as independent normal random effects with
2
Yikt ~ N(O'O-k )

The variance components 0',% (k=1,...,q) can be estimated with mathematical-statistical software

packages. Once they have been computed, the total variance is obtained as

Thie n; terms have the same structure as in the model for methods for a continuous measy

the
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hilarly, the model described in 6.3 is now expanded as follows:

ln{—lnl:l—POD,-]- (x)=1-P; (x)]} =Ina; +b-Inx+1;

reproducibility is computed in the same manner. Details can be found in References [15]

hsider the following example, taken from the field of microbielogy. Since colony-for

is applied. Five laboratories submit replicate binary results at three concentration lev
hr the presumed LOD (0,8 CFU/ml), and high (10 CFU/ml) The number of replicates deper
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berimental design. Indeed, doing so constitiites a precautionary measure to ensure that th

Ke-positive test results are obtaingd- The reason is that the Poisson assumption (on
thematical model is based) is ondy~admissible if the number of false positives is negligible.

furning now to the example:twithin each laboratory, tests are carried out at all three con
els for eight different settings. Each setting corresponds to a combination of factor leve
b levels selected for the gxperimental design. Table 3 provides the factorial design, sh
ationship between séttings and factors. For each factor, the two-factor levels are coded “
ign and test resuléstare from 1SO 16140-5:2020, Annex C.

for each concentration level

rand, and
ind [18].
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Table 4 provides the results for the five laboratories performing tests at three concentration levels per
setting, for a total of eight settings. R1,...,R4 denote the replicates. While only one test result is obtained
at the blank and high levels, four replicates are obtained at the concentration level of 0,8 CFU/ml.

Table 4 — Binary test results from five laboratories performing tests at three concentration
levels per setting, for a total of eight settings

Laboratory 1 Laboratory 2 Laboratory 3 Laboratory 4 Laboratory 5

On the ba i@p these data, the factorial precision estimates provided in Table 5 are obtained:
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Table 5 — Factorial precision estimates

Factor Gl%

Technician: 0,004 8
Culture medium: 0,099 7
Thawing process: 0,048 6
Incubator: 0,0398
Background flora: 0,248 2
Lab (07): 0,1338
Total variance (G’czotal ): 0,574 9

Reproducibility standard deviation: 0,758.2

As|can be seen from Table 5, the background flora, culture medium, and\between-laboratory variance
components dominate. LODs, is computed as 1,13 CFU/ml.

For further details regarding this example, see Reference [5].

In this example, the cloglog model from 6.3 was applied. However, the factorial approach c@n equally
belused in the case of continuous measurands and the fouréparameter model from 6.2. It is mportant
to point out that, for the four-parameter model, to modify the design with respect to the number of
nominal concentration levels: due to the larger number of parameters estimated in the modgl, at least
five concentration levels should be included.

8 | In-house validation
Forl in-house validation studies, the appteach described in Clause 7 can be applied. The only fdifference

is that, since there is only one laboratory, the laboratory-specific (log) sensitivity terms arelno longer
indluded. Accordingly, for methods for continuous measurand, the model is now

lnajzlna+r[j

where 1 NOW represents the run-specific effect (a sum of factorial effects). For methods fqr discrete
mgasurand, the model is now

ln{—lnl:l—PODj (x)=1-P; (x)]}zlna+b-lnx+n]-.

The O'tzot now corresponds to the in-house reproducibility variance, i.e., an intermediate| precision

charaoteristic.

Alternatively, the same approach as described in Clause 7 can be applied, with the index i representing
no longer the laboratory but a singled-out factor to which the remaining factors are subordinate. For
instance, the index i could now denote the factor day, and the remaining factors are nested within the
factor day, i.e. that the corresponding random effects characterize variability within a given day. For
further details, see Reference [15]. Factorial designs for microbiological methods are presented in
1SO 16140-4[21,

9 Software
The calculations described in this document are based on standard models of statistics and can be

realized with software packages where these standard models are available. Among them are standard
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