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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

and

overnmental

hon-governmental, in liaison with ISO, also take part in the work. ISO collaborates clo

Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

Interr

The

adopled by the technical committees are circulated to the member bodies~for voting. Publi
Interpational Standard requires approval by at least 75 % of the member bodies“casting a vote.

Attention is drawn to the possibility that some of the elements of this,décument may be the sub
rightd. ISO shall not be held responsible for identifying any or all such patent rights.

ISO
Milk

4

band milk products, and the International Dairy Federation\(IDF), in collaboration with AOAC

It is Heing published jointly by ISO and IDF and separately by AOAC International.
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IDF (the International Dairy Federation) is a worldwide federation of the dairy sector with a National
Committee in every member country. Every National Committee has the right to be represented on the IDF
Standing Committees carrying out the technical work. IDF collaborates with ISO and AOAC International in

the develop

ent of standard methods of analysis and sampling for milk and milk products

Draft Interna
National Con

the National

ISO 18830/

Milk and milk

It is being pu

All work was

Committees casting a vote.
DF 188 was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee

blished jointly by ISO and IDF and separately by AOAC International.

project leader, Mr E. Martlbauer (DE)

fional Standards adopted by the Action Teams and Standing Committees are circulated fo the
mittees for voting. Publication as an International Standard requires approval by at feast 50 % of

5C 5,

products, and the International Dairy Federation (IDF), in collaboration with AOAC Internatjonal.

carried out by the Joint ISO/IDF/AOAC Action Team AntimicrobjalS_and other veterinary medical
residues, of {he Standing Committee Analytical methods for additives and centaminants, under the aegis

of its
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Introduction

Because of the method of detection, the tests described in this International Standard may have limitations so
that they cannot be used for quantification. For example, receptor assays have group-specific detection and
not chemical- speC|f|c detectlon Consequently, positive results cannot be subject to quantltatlon without

Withi
used
levels
prelin
inhib

Depe
assa
conc
Subs

N an integrated system for antimicrobial residue detection, immunoassays and receptor as
as primary-screening methods (e.g. for screening of compounds which can not bée.detected

by microbiological inhibition assays). These methods may also be used as posf-screening
hinary identification and quantification of compounds in samples with a positiveoresult in a m
tion assay.

nding on whether a certain test complies with the specifications given, immunoassays
s may be used for routine quality control, especially if the absence/presence of a certain
bntrations exceeding a certain level [e.g. maximum residue limit (MRL)] has to be
fances which are not approved or for which no MRLs have bger‘fixed, may require specific

For Ig¢gal purposes in many countries, positive results obtained by immunoassays or receptor ag

confi

mation by an accepted physico-chemical method.

ation of colour
opment may not measure the degree of colour and thus may not provide a quantltatlve valug.

5ays may be
at regulatory
methods for
crobiological

and receptor
compound in
determined.
consideration.
says require
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INTERNATIONAL STANDARD IDF 188:2003(E)

Milk and milk products — Guidelines for the standardized
description of immunoassays or receptor assays for the
detection of antimicrobial residues

1 $cope

This [International Standard gives guidelines for the standardized description of imfmunoassay$ or receptor
assays for the detection of antimicrobial residues in milk and milk products.

It is intended to provide a framework and basis for the evaluation/validation oftests based on the [binding of an
antinticrobial compound to its specific antibody or to other types of detecting molecules.

In addition to immunoassays [e.g. enzyme-immunoassay (EIA) and radio-immunoassay (RIA)], there are
sevefal quantitative, semi-quantitative and qualitative test formats)based on the binding of [antimicrobial
compounds to microbial receptors or to receptor proteins. Enzymatic assays and particle-based gssays based
on receptor proteins are referred to as receptor assays in this International Standard.

2 ormative references

The [following referenced documents are indispénsable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 13969, Milk and milk products — Guidance for a standardized description of microbial inhibitor tests

3 Terms and definitions
For tihe purposes of this.document, the following terms and definitions apply.

31
false| positives
percentage of:positive results when testing negative samples

3.2
false
percentage of negative results at the claimed detection level(s)

3.3

specificity

extent to which the presence of substances with chemical structures similar to that of the target analyte will
result in a positive result (cross-reaction)

3.4

limit of detection for qualitative tests

concentration level at which a defined percentage of samples is detected, e.g. 95 % together with the
respective confidence level.

© ISO and IDF 2003 — Al rights reserved 1
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3.5

limit of detection for quantitative tests
concentration level which gives a final result that is statistically different from that of negative milk

ation needed from the developer/manufacturer

Methodology

er or manufacturer of the test should provide information regarding methodology by menti

ning

4 Inform
4.1
The develop
the following
a) descript
b) principle
c)
d) capacity
e)
f)  procedu
g) field of g
— the
ban
— the
— the
4.2 TestK

The following
a) Inthecs

1)
2)

typs

typs

on of the method (e.g. sample preparation and test performance);

of the method (e.g. competitive direct enzyme-immunoassay);

evaluation of test results (e.g. visual or instrumental reading, criteria for positive or-negative result);

(e.g. sample throughput);

special requirements for sampling, preservation and testing;

re for the purpose of quality assurance, including the use of\positive/negative control sample
pplication concerning

ntended test use [e.g. screening for milk qualitypayment or for regulatory purposes (detect
hed substances)],

Substrate or matrix (e.g. raw tanker bulkimilk or heat-treated milk), and

imitations with respect to sample composition (e.g. cell count and bacteriological quality).

it reagents

information should be given regarding test kit reagents.

se of immunoassays:

of antibodies (e.g. monoclonal or polyclonal, sheep, rabbit or egg);

of antigen used in the test (e.g. antigen-enzyme conjugate, solid-phase antigen);

3) type

4

on of

ofmarker for signal production (e.g. enzyme: peroxidase, alkaline phosphatase; radiochemnical:

HS,

4)

C'4, 1'%5; inert bead: colour latex bead, gold);

measured signal (e.g. hydrogen peroxide/tetramethylbenzidine), if applicable.

b)

1)

In the case of microbial receptor assays:

type of label (e.g. radioactive isotope),

2) amount of radioactivity and safety requirements, and

3)

type of receptor (e.g. non-viable microbial cells or antibody).

type of enzyme substrate and type of substance used for transformation of enzyme activity to

© ISO and IDF 2003 — Al rights reserved
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c) Inthe case of receptor protein assays:
1) type of receptor protein used (e.g. enzyme-receptor conjugate),
2) type of reagent competing for receptor protein binding sites (e.g. analyte-enzyme conjugate, solid-
phase analyte),
3) type of enzyme substrate and type of substance used for transformation of enzyme activity to
measured signal, and
\ P TWIZCw-Y 1 " oo A+ Bradt aaal
l A~} ILyIIIGI.Ib IUG\;LIUII\O} UotTu v PIUUU\;U Dlullal.
4.3 | Additional chemicals not necessarily included in the test kit
The following should be mentioned regarding additional chemicals not necessarily included in the|test kit:

a) purity and quality of chemicals required;

b) ¢
c)
d)

4.4

The f

omposition and preparation of solutions;
torage conditions and stability of solutions;

vater quality required.

Operating requirements

pllowing information should be given regarding operating requirements:

a) nequirements for user experience and training;

b) rnequirements for laboratory equipment:

N

c) nequirements fof safety (e.g. for handling and disposal of radioactive waste);

) microtitre plate reader,

2) fluorometer, scintillation-eounter, computer hard- and software,

3) incubators and pregcision pipettes;

d) nequirements for quality control by developer/manufacturer and/or user.

4.5

Test(specifications

The following information should be given regarding test definitions:

a) false positives: see 3.1;

b) false negatives: see 3.2;

c) specificity: see 3.3;

d) limit of detection: see 3.4 and 3.5 respectively;

e) precision: figures for repeatability and reproducibility obtained from the results of collaborative studies, if
carried out and available.

©I1SO
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4.6 Documentation

The following information should be given regarding documentation:

user manual, including a trouble-shooting guide;

suppliers of instruments, reagents, standards, technical services and customer support;

status of official recognition in specified countries (if available);

a)

b)

c)

d) availabil

e) availabil
Internati

f) availabil

5 Evalug

5.1 Prere

51.1 Milk

The cows fi

requirementg
with respect

a)

b)

The clin
150 000

The treq
collectio

calving provided the dry cow periodwas at least 4 weeks.

The cow
than 5 k

The milk
compos

The total viable~count shall be less than 10* colony-forming units (CFU) per millilitre befor

preservd

ty of Teference materiat;

ty of internationally recognized and/or validated references from 1SO, IDF .and” A
pnal or others;

ty of, for example, literature and practical experiences.

tion of the attributes of the enzyme-immuno or receptor-assay
uisites (see 1ISO 13969)

ree from antimicrobials (“negative milk”)
. If, however, a test is applied for milk of an animal species other than cows, the requirer
o the status of that animal should be adjusted accordingly.
cal and sub-clinical health status shall be.good, with special emphasis on udder health (less
somatic cells per millilitre).

. In the case of dry cow treatment, the milk shall not be collected earlier than 60 days
s shall be mid-lactation®ymore than 60 days and less than 200 days after calving, producing
j milk per day.

ing of at least'\five to seven cows shall be combined to overcome individual variations in

tion.

tion{_process (deep-freezing, lyophilisation). The possible presence of B-lactamase-prod

microorg

OAC

om which milk is collected in order to serve as\*negative milk” shall meet the follpwing

nents

than

tment or feeding with antimicrobialrsubstances shall be prohibited for at least 8 weeks beforg¢ milk

after

more

milk

b the
ucing

anisms shall be kept in mind in the case of g-lactam antibiotic testing.

5.1.2 Test substances

The test substances which are used in the testing procedure should be obtained from a recognized
developer/manufacturer, preferably with an analytical certificate with a guaranteed specification. The
concentration required should be calculated based on the free acid or base forms of the drug corrected for
purity. Special considerations should be given to substances with stability/potency problems.

Unless otherwise stated, it is preferable that the evaluation of detection limits (5.2.2) should be undertaken
using those antimicrobials and/or concentrations that the developer/manufacturer claims the test will detect.

© ISO and IDF 2003 — Al rights reserved
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5.1.3 Solvents

If special solvents or other chemicals are required to dissolve the substances, it should have been ensured
that these solvents or chemicals in the test samples have no influence on the test result.

5.1.4 Preparation of test samples

5.1.4.1

General

For Iqrgp-er‘alp evaluations (p g-to abtain the data basis for a gpnpmli7pd danriptinn)v all dilut,

shou
the s

The

labori

ons required

d have been prepared in one batch to avoid day-to-day variations in weighing, diluting and
atus of the “negative milk”.

breparation of test samples may cause problems and is a very laborious task, for the te
btories. Therefore, it might be appropriate to employ a centralized test sample-preparati

which agrees to supply interested laboratories with the test samples in stable form (€.g. lyophilize

5.1.4

The

estim
teste
claim
50 %

2  Selection of concentrations
selection of concentrations for the determination of the detection limits is described
] together with one concentration level higher and two _or/three concentration steps lo

75 % and 95 % positive sample concentration. As_an~approximate guideline, it is reco

divid¢ the concentration range resulting in 50 % to 100.%$ositive samples into three or four e

levelg (linear and logarithmic scales respectively) as demenstrated in Figure 1.

5.1.4{3 Dilution

The following precautions should be met when preparing dilution series of test substances.

a) The preparation of the dilution series’should be carried out in such a way that only the final d
prepared with milk in order to aveid protein binding.

b) The proportion of the added aqueous standard solution in the final milk dilution step should
for all test samples and less than 1 %.

5.1.4/4 Preservation

Presg¢rvation of test samples should preferably be done by lyophilization, if this is not depre

Hifferences in

St evaluation
bn laboratory
).

n 5.2.2. For

ated purposes, if not otherwise stated, the concentration foundto represent the detection lipit should be

ver than the

ed detection limit and the corresponding negative milk, These data may be used to estimate the 25 %,

mmended to
ually distant

lution step is

be the same

cated by the
preservation

sed into test

developer/manufacturer of the test under study or the test principle. The following procedure for|

has groved-{o be feasible.

a) Immediately after preparation of the various milk samples, all dilutions should be dispen
tubes with the desired volume and be frozen at —18 °C + 2 °C in a sloping position.

b) Lyophilization should be carried out as soon as possible, and not later than one week after deep freezing.
During the lyophilization process, the temperature should not exceed 25 °C.

c) Testtubes should be hermetically sealed immediately after lyophilization and stored in the dark at < 6 °C.
d) Test samples should be reconstituted with distilled water. The added volume of water should be 10 %
less than the volume of sample that was lyophilized in order to compensate for the dry matter of milk.

e) Reconstituted test samples may be used on the day of reconstitution only. They should

refrigerator between uses and discarded at the end of the day.

© ISO and IDF 2003 — Al rights reserved
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f)

Test samples may also be preserved by deep freezing and by certain chemical preservatives (see
5.2.5.3).

5.1.5 Experimental design

5.1.5.1 Number of replicates

The experimental design should, preferably, be a blind coded study and should follow the
developer/manufacturer's instructions with regard to the number of replicates and test conditions, as closely
as possible. The result of a qualitative assay should be expressed as the positive results, in percent, out of the
total numben of replicates within each evaluated concentration step. Calculation of percentages gengrally
requires at |east 10 to 20 replicates at each selected concentration. However, if a defined (statistical
confidence is required, the appropriate number of replicates should be calculated. As an example, for
confirmation [purposes, a minimum of 60 samples should be evaluated to determine a 90 % negativVe rat¢ with
95 % confidgnce (e.g. two or less positives out of 60 tested).

Quantitative fesults should be evaluated by using the usual statistical methods for calculating repeatabi
using commercially available microtitre well test kits, at least duplicates for standards.and samples shod
used.

ity. If
Id be

5.1.5.2 Evaluation of experimental data
The limit of detection is usually defined as the concentration that gives:tise to a response which is signifi
different fronp the response of negative samples. For statistical evaltiation, it is imperative to have agree

on the confidence level of the method under study. It is common_to@pply a minimum confidence level of

antly
ment
D5 %.

However, to
Depending o

In a qualitati
on results o
standard/ma
reference ca
one, includin
negative or
claimed to d
Using refere

fulfil this, extensive testing and large numbers of feplicates are required at each concentr|
h the intended use of the method, a more practicalapproach may be used.

e assay, the response of a sample is usually compared to a screening point which may be I

negative or positive control standards. ‘Screening points (e.g. a cut-off value or a refe
k) may be provided by the kit manufacturer either as an internal test comparison or ex
ibrator. They are calculated or designed to distinguish a negative response from that of a pg
g two or three standard deviations. For this purpose, test kit manufacturers sometimes pro

ation.

ased
ence
ernal
sitive
ide a

A positive standard containing,*a relevant, defined concentration of the analyte(s) the t

determine whether the sample contains concentrations similar to or exceeding those in the positive contr

For data an
represents th
(dose/respor
of concentra

alysis of a qualitative test, a graphical presentation is recommended, whereby the

se curve). The choice of whether the x-axis is scaled linear or logarithmic depends on the
ions tested! If the range covers more than 100-fold, a logarithmic scale is more appropriate

st is

ptect. This concentration jis\usually chosen with respect to regulatory requirements (e.g. MRLs).
hce samples, the response of the sample is compared with the cut-off or reference valpe to

-axis

e concentrationvof the substance under study and the y-axis the percentage of positive rg¢sults

ange
than

a linear one.

In a quantitative‘method, a standard curve is constructed and used to estimate the concentration of anallyte in
the sample. The x-axis represents the concentration of the substance under study and the y-axis represents a
scale based on, for example, absorbance, fluorescence or radioactivity. The choice whether the x-axis is
scaled linear or logarithmic depends on the range of concentrations tested. If the range covers more than 100-
fold, a logarithmic scale is more appropriate than a linear one and a semi-logarithmic curve is constructed.
Using this semi-logarithmic scale, the immunoassay standard curve shows a sigmoid shape that cannot be
evaluated by using linear models. Although a variety of mathematical methods exist to describe immunoassay
standard curves, the four-parameter-logistic model and the approximation of a cubic spline are most
commonly used for enzyme immunoassays. Both methods give comparable results and at least one of them is
implemented in most available programs for immunoassay data computing.

In a quantitative method, the precision of an estimate is to a large extent affected by the location of the
observed absorbance value on the calibration curve. The measuring range for the standard curve is the
approximately linear part of the sigmoid curve (concentration plotted in log scale).
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5.2 Experimental parameters

5.21 False positives and false negatives

For qualitative methods, depending on the intended use of the method under study, it may be appropriate to
evaluate the probability of false positive and false negative results. Testing for the probability of false positives
includes n-fold examination of negative milk (see 5.1.1) or other negative test samples appropriate for the
intended field of application. The number of replicates depends on the field of application of the test. As an
example, a minimum of 60 samples should be evaluated to determine a 90 % negative rate with 95 %
confidence.

The probability of false negatives at a specified level can be obtained from the dose/response’lcurve for the
different concentrations tested. If confidences are required, the evaluation should follow.the procedure as
descfibed for false positives for the concentration concerned (e.g. the detection limit orthe'MRL)

5.2.2| Detection limit

The ¢hoice of antimicrobial compounds employed to determine the limit of detection depends on|the claims of
the developer/manufacturer of the test. The principle of preparation of thectest’samples is describg¢d in 5.1.4.

The selection of concentrations to be tested should be as follows.
a) At least four different concentrations estimated to correspond to 25 % positive, 50 % ppsitive, 75 %

positive and 95 % positive should be examined betweentthe negative control and the concentration that is
¢xpected to be positive.

b) Additionally, one sample fortified with the antimicrobial at a concentration at least 50 % above the
c) he selected concentrations should_include the claimed detection limit and if, appfopriate, the
For qualitative tests, as outlined in_5.1.5.1, at least 10 to 20 replicates per concentration are hecessary to

calculate the percentage of positive-fest results. If there are no defined requirements for statisticdl confidence,

limit ¢f detection is the concentration resulting in 95 % of the test results being interpreted as posifive.

— the two concentrations tested surrounding the “95 % positive results” values (> ug/kg < pg/kq);

— the concentration corresponding to the intersection of the dose/response curve with the line|representing

a 3 the claimed
detection limit or at the level of regulatory requirements (e.g. the MRLs) (see also 5.2.1). If statistical
confidences are required, it is necessary to calculate the appropriate number of replicates needed.

For quantitative assays, the limit of detection is generally defined as the concentration which gives rise to a

result significantly different from the result of negative samples; i.e. usually the concentration corresponding to
the mean value of negative samples plus and minus three standard deviations, respectively.

© ISO and IDF 2003 — Al rights reserved 7
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Figure 1 — Model of dose/response curve for the estimation of detection limits
5.2.3 Spec

Test specifig
structural pa
positive resu

As an exam|
compound. T

not be comn
substance, t

the target supstances(s):

ity describes the extent to which“the presence of substances with a chemical structure or
rts similar to that of the original analyte in a sample will also result in binding and thus dive a
t in the test system (cross-rfeaction).

ple, metabolites of the )original analyte may react with antibody produced against the garent
est specificity is asresult of a specific antigen-antibody or analyte-receptor reaction and should
hingled with non=specific interference (5.2.5). To determine the cross-reactivity, C,, of a certain
e substancesshould be tested at a concentration approximately 100 times the detection liit of

For quantitat|ve tests, specificity is calculated after determination of the concentrations of the target subsfance,
Ts, and the cfoss-reacting substance, Cg, required for 50 % reduction of the test signal compared to that of the

negative confrof’standard using the following equation:

T,

Cr :—SX1OO%
C

S

where

C; is the relative cross-reactivity of a certain substance, expressed as percentage;

Ts is the numerical value of the concentration of the target substance;

Cs is the numerical value of the concentration of the cross-reacting substance.
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All significant (> 1 %) cross-reactions of an immunoassay should be indicated. In case of doubt, substances
should be tested for cross-reactivity at a concentration corresponding to the highest concentration level of the
standard curve. Tests with significant cross-reactions cannot be used for quantification purposes.

5.2.4 Shelf life of test kits

For the examination of the variation of test response throughout the period of claimed shelf life, the choice of
test substances, the number of replicates and the evaluation follow the procedure described in 5.1. The
examinations are carried out at least three times (at the beginning, at the 50 % level, or every 6 months from
the date of developement/manufacture, and at the end of the shelf life). The storage conditions (e.g.

tempgrature, —duration, —etc.), should— be im_accordance  with— the —instructions —of _the test kit

developer/manufacturer.

5.2.5| Susceptibility to interference (ruggedness)

5.2.5{1 Test procedure

To investigate potential influencing factors within the test procedure (e.g. &ariations in reagents, incubation

condftions and sample volume), test samples with substance/concentration~combinations selected according

to 5.1 should be prepared. The experimental protocol, including some defined deviations from thge correct test

procedure to be examined, depends on the experience of the evaluating panel.

5.2.5{2 Sample composition/properties

The results of immuno- and receptor-assays might be infliénced by a number of factors associpted with the

composition/properties of the sample. These factors are;-for instance, the bacteriological quality} the somatic

cell gontent, the fat content and its quality, the pH yalue, the species and lactation status of thg animal (e.g.

late lactation).

In this examination, taking into account the limitations described by the developer/manufacturer,|the following

questions should be considered.

a) (Can such factors lead to “false™positive results (e.g. by an elevated somatic cell content)?

b) Can such factors lead to false” negative results (e.g. by an masking effect due to p-lactamalse producing
ficroorganisms)?

c) C€an such factors lead to “false” negative/positive results (e.g. by any effect due to the quantity or quality
of the milk fat)?

5.2.5|3 Sample preservation

Test samples to be tested for antibiotic residues may be preserved either by addition of chemicals (e.g. boric

acid)|orby deep freezing.

Unless disclaimed by the developer/manufacturer, the influence of chemical preservatives and the risk for
“false” positive/false negative results should be examined at the prescribed concentration and also at lower
and higher concentrations. The test samples should be analysed before preservation, and then after
preservation and storage. As the addition of preservatives might change the level of the results, the control
samples should be preserved correspondingly.
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5.2.6 Detection of incurred substance

If available, reference material from recognized institutions (e.g. the BCR1)), should be used. From milk
samples containing a validated concentration, test samples with concentrations according to 5.1.4.2 should be
prepared by proper dilutions with negative milk. A more practical approach is to use milk from treatment trials
with several cows, using drugs marketed for farm use. For comparison, quantification of the administered

compound in

the test samples by a validated quantitative physico-chemical method is necessary.

5.2.7 Recovery

If a sample |extraction and clean-up of the extract is included in the test procedure, the efficiency,df this

procedure sHould be indicated (recovery).

5.2.8 Collaborative studies

For collaborative studies, the test samples should be prepared in one laboratory according’to 5.1.4. The test

samples shquld be shipped with the test kits, under appropriate conditions, tosat least 8 participating

laboratories in the case of quantitative assays, and to at least 15 laboratories in the Case of qualitative tegts.

The selection of suitable substance or concentration combinations should follow'the procedure in 5.1. The test

samples shduld be coded and each substance or concentration combination should be analysed in|each

participating |aboratory at least 10 to 20 times (visual test reading) or 3 t0’5times (test with measuring gcale)
for each test|kit batch. A strict experimental protocol is compulsory.

6 Rating of the measured parameters

6.1 Appli¢ability for the intended use

The expert's fopinion on the applicability for the intended use is the following.

a) The medsured parameters of the microbial inhibitor test under examination, which might be derived from
different|investigations carried out on«arious occasions, should as far as possible be collected in thg form
of tables.

b) The infomation given in that part/(tables) forms the basis for a second part of information that will consists
of an e¢xpert's opinion rating and evaluating the information given, with special regard to the
claimed/proposed field of.application of the test.

c) Considefing the fact that the elaboration of the different attributes takes more or less time especiglly if
storage |periods fiave to be studied (e.g. the determination of the shelf life), the report which comprises
the rating of the elaborated attributes should be given in sections within a certain time schedule.

Experts shodld’constantly evaluate new data or information becoming available on the matter.

1)

BCR is the abbreviation for Bureau Communitaire de Référence of the European Commission. The reference

materials are available from the Institute for Reference Materials and Measurements (IRMM), Management of Reference
Materials (MRM) Unit, Retiesweg, B 2440 Geel, Belgium.

This information is given for the convenience of the user and does not constitute an endorsement by either ISO or IDF of

the product.
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