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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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The purpose of this International Standard is to define the use of the cytokinesis block micronucleus
(CBMN) assay with human peripheral blood lymphocytes for biological dosimetry of exposure to
ionizing radiation. This assay is intended to be applied for accidental or malevolent exposures involving
a) up to a few casualties to provide individual full dose estimates or b) in a triage mode to populations
to provide interim dose estimates for individuals.

The CBMN assay is an alternative cytogenetic technique, which is possibly simpler and faster to perform
than the dicentric assay (ISO 19238:2014, ISO 21243:2008). It is also routinely used to demonstrate
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[though culture of the blood samples is slightly longer than for dicentrics, the sgori
in binucleated lymphocytes is easier.

multi casualty radiation accidents. The blood volume required for sufficient numb
ucleated cells is similar than required for the dicentric assay. Again,the faster cou
licronuclei compensates for the extended culture time. In addition, the CBMN assay c4
n an automated mode.

tional Standard provides a guideline on how to perform the CBMN assay for dose assess
hented and validated procedures. Dose assessment using“the CBMN assay has reley

management, radiation-protection management, reéerd keeping, and medical
[s. This International Standard is divided into two parts, according to the use of (
Lion exposure of a few individuals or population triage’in a large radiological event.

information in this International Standard is cantained in other international guideline
blications, primarily in the International Atemic Energy Agency’s (IAEA) technical rej
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Radiological protection — Performance criteria for
laboratories using the cytokinesis block micronucleus
(CBMN) assay in peripheral blood lymphocytes for
biological dosimetry

1 $cope

This|International Standard addresses the following:

a) ¢onfidentiality of personal information for the customer and the laboratory;
b) laboratory safety requirements;

c) fadiation sources, dose rates, and ranges used for establishing the ¢alibration referenc¢ dose-effect
¢urves allowing the dose estimation from CBMN assay yields and the minimum resolvgble dose;

d) performance ofblood collection, culturing, harvesting, and sample preparation for CBMN apsay scoring;
e) gcoring criteria;
f) ¢onversion of micronucleus frequency in binucleated cells into an estimate of absorbed dose;

g) teporting of results;

h) quality assurance and quality control;

i) informative annexes containing examples of a questionnaire, instructions for clistomers, a
icroscope scoring data sheet, a satmple report and advice on strengths and limitations of current
jutomated systems for automateéd.micronucleus scoring.

2 Terms and definitions
For the purposes of this-decument, the following terms and definitions apply.

acentric
chromosome fragment of varying size

Note [l to entry: When it is formed independently of a dicentric or centric ring chromosome aberratiop, it is usually
referfed/to as an excess acentric.

2.2
background level
spontaneous yield (or number) of micronuclei recorded in control samples or individuals

2.3

bias

statistical sampling or testing error caused by systematically favouring some outcomes over others
2.4

binucleated cells

cells that have completed one nuclear division after mitogen stimulation and cell type in which
micronuclei are scored

Note 1 to entry: These cells are accumulated in culture using cytochalasin-B which is an inhibitor of cytokinesis.

© ISO 2014 - All rights reserved 1
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2.5
CBMN laboratory
laboratory performing biological dosimetry measurements using the CBMN assay

2.6

centric ring

aberrant circular chromosome resulting from the joining of two breaks on separate arms of the same
chromosome, generally accompanied by one acentric fragment

2.7

centromere
specialized ponstrictedregionrof-achromosomethatappearsduring-mitostsjoiningtogetherthe two
sister chromatids

2.8
chromosone
structure tHat carries genetic information

Note 1 to entfry: Normally, 46 such structures are contained in the human cell nucleus/During nuclear divjision,
they condensge to form characteristically-shaped bodies.

29
chromatid
either of thg two strands of a duplicated chromosome that are joined’by-a single centromere

Note 1 to entfy: Chromatids separate during mitosis to become individual chromosomes.

2.10
confidencefinterval
statistical rgnge about an estimated quantity within which the value of the quantity is expected to dccur,
with a specified probability

2.11
cytochalasin-B
Cyto-B
reagent useld to block cytokinesis in dividing cells allowing once-divided cells to be identifigd as
binucleated|cells

Note 1 to entfy: The binucleated cells'are the cells in which micronuclei are specifically scored.

2.12

dicentric
aberrant chfomosomebéaring two centromeres derived from the joining of parts from two brjoken
chromosomegs, generally accompanied by an acentric fragment

2.13
fluorescen¢e’in situ hybridization
FISH
technique that uses specific sequences of DNA as probes to particular parts of the genome, allowing
the chromosomal regions to be highlighted or “painted” in different colours by attachment of various
fluorochromes

Note 1 to entry: This technique permits the detection of damage involving exchanges between differently painted
pieces of DNA (usually whole chromosomes).

2.14
interphase
period of the cell cycle between the mitotic divisions

2 © ISO 2014 - All rights reserved
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2.15

linear energy transfer

LET

quotient of dE/dI, as defined by the International Commission on Radiation Units and Measurements
(ICRU), where dE is the average energy locally imparted to the medium by a charged particle of specific
energy in traversing a distance of dl

2.16

metaphase

second stage of mitosis when the nuclear membrane is dissolved, the chromatids are condensed to their
minimum lengths and are aligned for division at the metaphase plate

2.17
micrjonucleus or micronuclei
MN
small nucleus that arises from lagging acentric chromosome fragments or wholexchromospmes during
nuclear division and chromosome segregation at mitosis during anaphase/telophase

Note |1 to entry: More that 90 % of the micronuclei induced by ionizing radidtion arise from lagging acentric
chromosome fragments.

2.18
minimum detection level
MDL
smallest measurable amount (e.g. yield or dose) that is detected with a probability 3 of ngn-detection
(Typg 1l error) while accepting probability a of erroneously’deciding that a positive (non-zero) quantity
is present in an appropriate background sample (Type-Iérror)

2.19
minimum resolvable dose
lowept additional dose for which the lower 95% poisson confidence limit is greater than 0, $o that there
is a 97,5 % chance that the dose received-in excess of normal background is greater than 0

2.20
nuclear division index
index in the CBMN assay that is-Calculated from the relative frequencies of mononucleated, pinucleated,
and multinucleated cells

Note [l to entry: This index-prevides a measure of inhibition of nuclear division.

2.21
precision
disp¢rsion of measurements with respect to a measure of location or central tendency

2.22
qualjty’assurance
planped’and systematic actions necessary to provide adequate confidence that a process, mgasurement,
or service has satisfied given requirements for quality

EXAMPLE Dose specified in a licence.

2.23

quality control

part of quality assurance intended to verify that systems and components correspond to pre-
determined requirements

© ISO 2014 - All rights reserved 3
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3 Micronucleus assay methodology used in this standard

3.1 General

Inthis International Standard, the frequency of micronucleiin cytokinesis block binucleated lymphocytes
in cultured human peripheral blood lymphocytes scored by microscopy is used for dose estimation after
suspected exposure to ionizing radiation.

Lymphocytes are cultured by a method that permits once-divided cytokinesis block cells to be recognized
by their binucleated appearance for analysis. This requires whole blood or lymphocytes separated
from the other blood components to be incubated in culture medium with a mitogen that would enable

scoring of miicronuclei in first-generation binucleated cells. A cytokinesis blocking agent, cytochalas

isadded at 14
cell stage af
of the arrest
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and fixing i
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of cells ontq
for cell cult
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3.2 Gene
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assurance d
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3.3 Requ

Depending
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cases wherg
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ests for analysis and'‘blood sampling

bast 6 h before the first mitosis commences to arrest dividing lymphocytes at the binuclg
Ler nuclear division is completed. The duration of the cell culture and the timing)of'add
ing agent are optimised to ensure an adequate frequency of binucleated cells!

cells are recovered from the cultures by centrifugation, placing in a hypotonic salt sol
h a mixture of methanol and acetic acid. Fixed cells are placed on microscope slide
he case of isolated lymphocytes, it is also acceptable to prepare slides-by cytocentrifug

ire, harvesting binucleated cells and staining employed by,a CBMN laboratory shou
fumented.

slides containing stained cells are methodically scanned to identify suitable binucle
equency of micronuclei observed in an appropriaténumber of scored binucleated ce

ral requirement of the laboratory

ry should be well-equipped with the required bio-hazard units, tissue culture, and stan
quipment for lymphocyte tissue culture, cell separation, slide preparation, and micros
lls and subcellular structures, such:@s micronuclei. The laboratory should maintain qy
ocuments including those describing periodic calibration of the equipment used fo
as laminar flow hoods, pipettes, incubator, etc.

n national regulations, the request for an analysis should normally be made by a d
b the patient, by the patient him/herself, or could be requested due to legal claims.
it is normally_possible, the blood sampling for micronuclei analysis shall be made wit
brmed conSent. It is advisable that the laboratory head maintain the record of the pat
nsent andthe patient should also indicate who they will allow to receive the data. For mi
1 consent should be obtained from the parent/guardian.

in-B,
pated
ition

1ition
and
htion

slides, followed by air-drying, fixation with methanol, and staining. The exact proftocol

ld be

pated
lls is

dard
copy
ality
- cell

bctor
n all
h the
ent’s

jnors,

[t is the resy

onsibility of the medical staff (e.g. doctor, nurse, etc.) to schedule blood draw and shij

ping

so as to ensure that the blood sample is received by the laboratory in the best possible conditions. The
purpose is to avoid having the blood sample sit for several hours from time of blood draw and before
sample pickup for transportation.

The blood sample is collected using lithium or sodium heparin anticoagulant, maintained at room
temperature (at approximately 20 °C) and cultured as soon as possible, but before 72 h. In some
unavoidable circumstances involving a delay beyond 72 h, good sample preparation is still possible if the
blood samples are stored with due precautions, such as using room temperature gel packs to maintain
a temperature of 20 °C.
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3.4 Cell culturing

The protocol for the CBMN assay shall be established and documented by each CBMN laboratory. The
protocol used for the calibration curve and for dose estimates of patient samples shall be identical. There
are several critical aspects that shall be adhered to.

a)

b)

)

d)

f)

g)

h)

j)

k)
D)

Blood used to establish the calibration curves shall be incubated for 2 h at 37 °C i
following irradiation and prior to culture of samples.

mmediately

Cultures should be set up in duplicate to allow the determination of the intra-experimental

coefficient of variation.

[ells shall be cultured at 37 °C + 0,5 °C either as whole blood, enriched lymphocyitg
buffy coat), or isolated lymphocytes.

[ulture vessel shall be sterile and handled in a way to avoid microbial contamiination.

$pecific culture media that allow peripheral blood lymphocytes to proliférate shall be {

EXAMPLE RPMI-1640, Ham’s F10, MEM, or McCoy supplemented with Foetal Bovine
between 10 % and 20 %, 200 mM L-glutamine, and penicillin/Streptomyein (100 1U ml-1/1(
¢ommonly used.

Mitogen [e.g. phytohaemagglutinin (PHA)] shall be addede‘the media to stimulate 1
into mitosis.

[ytochalasin-B (Cyto-B) shall be added, 24 h to 44 h after mitogen stimulation at a cong
atleast 3,0 pg/ml and no more than 6,0 pg/ml to thecell culture to block cytokinesis in|
their first nuclear division after mitogen stimulation.

Thetiming ofharvestis crucial to maximize the€number of binucleated cells and minimizg
of mononucleated and multinucleated cells. It shall be adapted according to the stanc
¢onditions for each CBMN laboratory. The recommended culture time after mitogen
for cell harvest is 72 h but under certain conditions (e.g. where mitotic delay is anticip{
time might be required. Typicallyy binucleated cells are harvested 24 h to 48 h afteq
¢ytochalasin-B.

[ells may be treated with alypotonic solution such as 0,075 M KCI for 10 min to 15 min
¢ells prior to fixation,

Lells may be fixeddn suspension and then transferred to slides or alternatively, t
ransferred to stides by cyto-centrifugation and then fixed on the slide after air drying.
ase, cells shall'be fixed in freshly prepared fixative solution (i.e. 5:1 methanol:acetid
igitating thecells to prevent clump formation and washed three times or four times w
ixative until the cell suspension is clear. In the latter case, cells shall be fixed in absoluf

[N LN

If storage of fixed cells is required, then cell suspensions shall be keptin a =20 °C freez

suspension

hsed.

Serum (FBS)
0 ugml-1) is

ymphocytes

entration of
cells during

the number
lard culture
stimulation
ited), longer
addition of

to swell the

hey may be
n the former
acid) while
th the same
e methanol.

PT.

lides shall be prepared to ensure integrity of the cell membrane and allow an unambiguous
identification of micronuclei in binucleated cells. Humidity and temperature conditions can be

adjusted to increase the quality of the spreading.

m) Duplicate cultures should be performed from each blood sample per individual.

3.5 Staining

Cells shall be stained appropriately so that nuclei and micronuclei can be clearly visualized. Commonly
used stains include, but are not limited to, Giemsa (for brightfield microscopy), DAPI, and acridine
orange (for fluorescence microscopy). The stain used shall be specific for nuclei and micronuclei to avoid
artefactual staining of other cellular structures that might resemble micronuclei (e.g. centrioles).
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3.6 Microscopy

Use a fluorescence or brightfield microscope depending on the stain used. Observation of cells at a
magnification of at least 400 x is required for scoring of cells and micronuclei. For optimal scoring,

however, a h

igher magnification (e.g. 1 000 x) is recommended.

3.7 Visual scoring of slides

3.7.1 General

Each sampl

atleast 1 00[0 binucleated cells) from different slides for the presence of micronuclei. Fewer binutlg

cellscanbe §
amongst thq
scoring of m

3.7.2 (Criteria for scoring

3.7.2.1 (Crijteria for selecting binucleated cells which can be scored forémicronucleus freque

The cytokingsis block cells that can be scored for MN frequency should havé the following characteri

a) the cellj

b) the twog

cytoplapmic boundary;

cored for high dose samples orin triage mode (see Clause 10). The distribution of nricron

tal of
pated
uclei

binucleated cells should also be recorded. The slide scorers should be experienced ih the

icronuclei in lymphocytes (see Clause 9).

shall be binucleated (BN);

nuclei in a BN cell shall have intact nuclear membranes and be situated within the

ncy

stics:

baime

c) thetwopucleiinaBN cell shall be approximately equabin size, staining pattern, and staining intensity;

d) the twd

nucleoplasmic bridges, which are no wider than'1/4 of the nuclear diameter;

e) thetwo

overlapping nuclei can be scored only.if the nuclear boundaries of either nucleus are distinguish

f) the cytd
the cytd

3.7.2.2 (Cr

MN are mor

characterist
a) the diay
the mai

nuclei within a BN cell may be unconnected or may be attached by one or more

main nuclei in a BN cell may touchybut ideally should not overlap each other. A cell wit}

plasmic boundary or mermbrane of a BN cell shall be intact and clearly distinguishable
plasmic boundaries of adjacent cells.

iteria for scoring-micronuclei

phologicallyidentical to, but smaller than, the main nuclei. They also shall have the follo
ics:

neter\of'MN in human lymphocytes shall be between 1/16 and 1/3 of the mean diamet
hnuclei, which corresponds to 1/256 and 1/9 of the area of one of the main nuclei in

fine
1 two

able;

from

wing

er of
a BN

cell, res

activelys:
ey

b) MN shall not be linked or connected to the main nuclei;

c¢) MN may touch but shall not overlap the main nuclei and the micronuclear boundary shall be
distinguishable from the nuclear boundary;

d) MN usually have the same staining intensity as the main nuclei but occasionally, staining may be
less intense;

e) MN are non-refractile and can therefore be readily distinguished from artefacts such as staining

particle

S}

f)  micronuclei lying above or below the daughter nuclei shall not be scored.
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3.7.2.3 Criteria for accepting scores

a) Inter-scorer variability is one of the key sources of variation in the micronucleus assay. It is therefore
essential that the same scorers are maintained throughout a single assessment and ideally, two
scorers are used, each providing a count from each of the duplicate cultures and their mean values
calculated to take into account both experimental and scorer variation. However, it is also acceptable
to use a single scorer if two experienced scorers are not available.

b) For duplicate samples in which more than 100 MN per 1 000 BN cells are induced, CVs should be

1

ess than 20 %.

3.7.

An €]

3.8

Seve
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4.1

Biolg
with
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conf
accid

a)
1

b) t

4.2

4.2.1

The ]
relat
rega

Scoring data sheets

kample of a scoring data sheet is provided in Annex A.

Automated analysis

Fal systems for automated image analysis for the CBMN assay have been developed. Ay
ent is beyond the scope of this International Standard. Efforts in this.area are describeq

Confidentiality of personal information

Overview

gical dosimetry investigations made by a CBMN{aboratory shall be undertaken in

dentiality of the patient’s identity, medicaldata, and social status. In addition, the
dentiality of the patient’'s employer and“any other organizations involved in a
ent/incident should be observed. This régquirement extends to the following:

vritten, electronic, or verbal communications between the laboratory and the person/q
equesting the analysis and receiving the report;

he secure protection of confidential information held within the organization wher
aboratory is located.

Applications of®he principle of confidentiality

Delegation of responsibilities within the laboratory

nead of the)laboratory may authorize a limited number of laboratory staff to deal with
ed tothe analysis. Persons with this authority shall have signed a commitment to co
"difig their duties within the laboratory.

itomation at
in Annex B.

accordance

national regulations regarding confidentiality:»>It would normally include the maintenance of

commercial
radiological

rganization

e the CBMN

documents
hfidentiality

The aboratory head shall maintain the signed confidentiality agreements and ensure the security and

safet

y of all confidential documents.

4.2.2 Requests for analysis

Depending on national regulations, the request for an analysis should normally be made by a doctor
representing the patient or by the patient him/herself (other requestors may be added here, especially
for networking). In all cases where it is normally possible, the blood sampling for micronucleus analysis
shall be made with the patient’s informed consent and the patient should also indicate who they permit
to receive the data. For minors, the informed consent shall be obtained from the parent/guardian. The
laboratory head, depending on the national regulations, might be required to maintain a record of the
patient’s informed consent.
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4.2.3 Transmission of confidential information

Whatever the chosen means of communication, confidentiality shall be ensured during the exchange of

information

and reports between the CBMN laboratory and the requestor of the analysis.

The laboratory head needs to define all processes for information transmission and assurance of

confidential

ity.

4.2.4 Anonymity of samples

The laboratory head needs to have established protocols for maintaining the anonymity of samples.

To avoid t

blood samp
unambiguot
the analysis
results, and

4.2.5 Rep

The final rg
the request
approval, be

4.2.6 Stor

The laborat
expert or an

The laborat
to a case an

es should be coded upon arrival in the CBMN laboratory. The coding is performed
Is way according to a standard procedure. The same code is to be used for all thestag

compiling the report are also to be performed by an authorized person.

prting of results

port containing the results and their interpretation (when needed) is communicat
br of the analysis. Depending on national regulations, further €opy may, with approp
passed to another responsible person.

age

bry shall store the cultured cell pellet and slides tofacilitate review/analysis by an ext
other laboratory in the event of any dispute regarding the analysis.

ry head shall define how the data and results’are stored. All laboratory documents rel
1 which could permit the patient and/or-employer to be identified shall be stored in a

only accessible to the authorized persons. Documents shall be retained in an appropriate place f

least 30 yea
by secure m|

5 Labors;

5.1 Overy

Staff shall d
laboratoried
worth highl

5.2 Micrg

s for possible medical/legal re-evaluation of the case. Final disposal of any records sh
eans, such as shredding of papef. records and complete deletion of electronic records.

atory safety requirements

riew

onform to their)national legislation and institutional regulations regarding safety i
. There are_some particular features concerning safety in service laboratories tha
ghting. These include microbiological, chemical, and optical considerations.

phidlogical safety requirements

, the
n an
es of

The code is assigned by an authorized person, as defined in 8.2. Decoding, interpretation of

bd to
riate

brnal

ating
blace
or at
11l be

h the
[t are

Handling human blood poses some risk of blood borne parasites and infections being transmitted
to laboratory staff. All specimens should be regarded as being potentially infectious even if they are
known to be derived from apparently healthy persons. Specimens shall be unpacked and manipulated
in a class 2 microbiological safety cabinet. Setting up cultures in such a cabinet has the added benefit of
minimizing culture failure due to microbial contamination. Use of hypodermic needles should be kept to
a minimum to reduce the risk of injuries. Suitable disinfectants shall be available to deal with spills. All
biological waste and used disposable plastic ware shall be sterilised (e.g. by autoclaving or incineration,
before final disposal).

Staff should be offered available vaccination against blood borne diseases. The legal and ethical position
regarding HIV testing of blood samples upon receipt differs between countries and researchers should
follow their national requirements. It should be noted that when blood samples are accepted from
abroad, depending on the country of origin, airlines might require the sender to provide a certificate
confirming that the samples have been tested and are HIV negative.
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5.3 Chemical safety requirements

Certain chemicals and pharmaceuticals are used routinely in the procedures covered in this International
Standard. When present in cultures or used in staining procedures, they are mostly used in small
volumes and in dilutions that generally present no health hazard. They are, however, prepared and
stored in concentrated stock solutions. The main reagents of concern and their internationally agreed
hazard statements (H-Statements) according to the GHS Classification system are listed below.

Acridine Orange H315, H319, H335, H340
Benzylpenicillin H317

Bromodeoxyuridine H351

Colcejmid H300, H310, H330, H340
Cyto¢halasin B H300, H310, H330, H340, H361
DAPI H302, H340, H350

Glacifl Acetic Acid H226, H314

Giempa stain H225,H301, H311, H331, H370
Hepafin H303

Hoechst stain (Bisbenzimide) H302, H315, H319

Methpnol H225,H301, H311%xH331, H370
Paraformaldehyde H228,H302,,H315, H317, H318
Phyt¢haemagglutinin H303

Strepftomycin sulfate H302;7H 332, H317, H334, H361
Keys

H225; highly flammable liquid and vapour

H226 flammable'liquid and vapour

H228: flarmmable solid

H300: fatal if swallowed

H301f toxic if swallowed

H302 harmful if swallowed

H303: can be harmful if swallowed

H310: fatal in contact with skin

H311: toxic in contact with skin

H314: causes severe skin burns and eye damage

H315: causes skin irritation

H317: can cause an allergic skin reaction

H318: causes serious eye damage

© ISO 2014 - All rights reserved 9
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causes serious eye irritation

fatal if inhaled

toxic if inhaled

harmful if inhaled

can cause allergy or asthma symptoms or breathing difficulties if inhaled

can cause respiratory irritation

H340:
H351:
H361:

H370:

5.4 Optig

When ultray
working prd

5.5 Safet

The laborat
chemical, a1

The laboraf]

can cause genetic defects
suspected of causing cancer
suspected of damaging fertility or the unborn child

causes damage to organs

al safety requirements

fiolet lamps are used in sterilising the interior of microbiologieal safety hoods, shieldin
cedures shall be in place to avoid direct irradiation of theskin or eyes of laboratory st

y plan

ory head shall define written safety procedures for protection against microbiolo
d optical hazards.

ory head shall maintain a record of safety “near misses”, accidents, and protoco
Lo avoid repeating similar events.

ation source(s), calibration curve, and minimum resolvable dose

ration source(s)

hboratory shall provide a report, reviewed and endorsed by a qualified expert (i.e. radi
the CBMN laboratory head) that addresses the following issues:

fion for all radiation source(s) used to generate in vitro calibration curves;

E Philips X-ray machine with a 2,1 mm Cu half value layer (HVL), 250-kVp, filg
[ 2,5 mA;.and a source-to-surface distance (SSD) of 50 cm).

brization of the radiation calibration source(s) used to generate each in vitro calibr

b and
b ff.

bical,

Is or

htion

ment

htion

nd traceabllity To a national/international radiation standard;

description of the dosimetry protocol, the procedure to certify that the dosimetry method is

calibrated to a standard, the method used to measure dose uniformity in the experimental array,
and the written procedures and documentation to verify dose and dose-rate determinations for
individual experiments;

procedures
6 Calibr
6.1 Calib
The CBMN |
physicist or
a) descrip
EXAMPI
current
b) charact
curve a
c)
d)

provision of a summary dosimetry report for each calibration-source dose-response curve.

6.2 Calibration curve

A CBMN assay calibration curve is required for each laboratory performing biological dosimetry using
the CBMN assay. In general, the same culturing conditions shall be used for establishing the calibration
curve as used for analysis in a case of suspected overexposure. The curve should be produced from at

10
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least six donors of varying age and gender with the same number of binucleated cells being enumerated
from each donor. The selection of the calibration dose range depends on the radiation quality. In the
case of low-LET radiation, more than seven doses shall be selected, distributed equally among the linear
and quadratic component of the dose response curve. The typical doses for a low-LET calibration curve
range from 0 Gy to 0,5 Gy, 1Gy, 2 Gy, 3 Gy, and 4 Gy. Any substantial deviation from this dose range shall
be justified. The inclusion of 0Gy data (i.e. data from blood samples unexposed to ionising radiation) in
the calibration dose-response curve is important because it allows the intercept to be determined and
takes account of the effect of age and gender on base-line micronucleus frequencies.

For doses below 0,5 Gy, at least 2 000 binucleated cells should be scored for micronucleus frequency per
dose for each donor and for doses above 0,5 Gy, at least 1 000 binucleated cells should be scored per dose
for epch donor. UObserved Irequencies of micronuclel in binucleated cells should be fitted to the linear
or linear-quadratic models as shown in Formula (1). For most high-LET radiation types,. a‘linear model
should be more appropriate.

Y = C(+SEc) + aDT(+SEa) + BDT2(xSER) D
where
Y is the micronuclei yield;

is the population background;

& and B are equation coefficients;

Dt is the absorbed dose to tissue in Gy;

$E is the standard error of mean for each'coefficient and constant.

For qurve fitting, iteratively reweighted least-squares should be used. For over-dispersgd data, the
weights shall take into account the over dispérsion. When the obtained value of chi-squared is higher
than|the degrees of freedom, standard errors should be increased by (chi-squared/degree|of freedom)
1/2. For calculating standard error ofthe curve, the standard errors coming from the donojrs should be
combined, taking into account the possible over dispersion from the Poisson distribution.

The CBMN laboratory shall prioviide a report on the calibration source, dose range, and dose-response
curve and it shall be reviewédyand endorsed by a qualified expert (i.e. CBMN laboratory rddiobiologist
or equivalent) that addresses the following issues:

a) description of theyexperimental exposure set-up (sample holder, temperature contrpl, etc.) and
rocedures to\verify reproducibility of exposure set-up for individual experiments;

b) detailing4hé in vitro calibration data and their fitting to a calibration curve.

6.3 | Background micronucleus frequency

It has been well established that the background micronuclei frequency in individuals varies with age
and gender and also due to various confounding factors (i.e. nutritional status, genotoxic exposures,
lifestyle factors, malsegregation of sex chromosomes). For the purpose of radiation biodosimetry using
MN frequency in lymphocytes, it is assumed that an individual’s base-line MN frequency value prior to
the ionising radiation exposure event is equivalent to the mean MN frequency value of unirradiated cells
for their age and gender group. Ideally, the background micronucleus frequency would include results
for at least three age groups separated into 1 year to 25 years, 26 years to 50 years, 51 years to 75 years
and include at least three males and three females in each group to include base-line values for both
genders across different age groups. The laboratory should generate its own database of base-line
micronucleus frequencies. The mean MN value for the appropriate age and gender shall be subtracted
from the observed MN frequency in lymphocytes after the radiation exposure event to deduce the likely
induced MN frequency value. The latter value is then used to estimate the radiation exposure dose from
the standard curve for radiation-induced MN.
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6.4 Minimum resolvable dose measurement

The minimum resolvable dose is a function of the laboratory’s measured control background levels
of micronuclei, the calibration curve coefficients, and the number of cells scored in an analysis and is
limited to the lowest dose used in the appropriate calibration curve. The minimum detection level can

be as low as

0,18 Gy and as high as 0,26 Gy, depending on age and gender.

The CBMN laboratory shall provide a report reviewed and endorsed by a qualified expert (i.e. CBMN
laboratory radiobiologist or equivalent) that describes the laboratory’s micronuclei yield for the
reference controls and measured radiation-induced levels for its proposed minimum resolvable dose
measurement and the number of cells scored per sample.

7 Respo

This Clause
coordinatio
explained td
The essentid

a) blood s
anticoa

b) blood s
approxi
after co

c) precaut
be obse
if air tr
sample
shippin
(record
the tem

d) the que
preferal

e) the CBM

8 Respo

8.1 Setuy
The CBMN

nsibility of the customer

h between the customer and CBMN laboratory shall occur. Essential requirehtents shou
the customer and this may be by a standardised instruction sheet as illustrated in Any
|l features are the following:

hmpling should use the collection system, containing lithium&or sodium heparin 4§
pulant, which has been sent or specified by the CBMN laboratory;

hall be collected (at least 5 ml), labelled accurately aridvinambiguously, maintain
mately 20 °C (18 °C to 22 °C) and reach the CBMN laboratory as soon as possible within
lection;

ions to ensure the integrity of the container and prevent leakage during shipment
rved. Packaging and labelling shall conform to'national and international regulationj
hnsportation is involved, a physical dosimetér should be included to monitor whethe

b with a recommended temperature.nange of 6 °C to 22 °C. A temperature recording d

ng both lowest temperature and highest temperature) should be included to documen
perature during shipment was controlled properly;

ply with the blood sample}

[N laboratory shall be alerted of known infectious samples (HIV or hepatitis, especiallj

nsibility of.the CBMN laboratory

) and sustainment of the QA program

aboratory shall establish and maintain a QA program (see Clause 11), which cove

aspects of theservice. The QA program shall include the Fn]]nmn'ng-

includes items that are not controlled by the CBMN laboratory. Prior to blood sampling,

Id be
ex C.

S an

pd at
72 h

shall
and

r the

has been exposed to ionising radiationn transit. Blood samples shall be kept cool during

bvice
that

stionnaire provided by thesCBMN laboratory shall be completed and returned pronpptly,

).

s all

a) periodic internal checks of equipment operations, reagent suitability, and various performance
checks (i.e. intra-comparison exercises, operator qualifications, sample protocol, scoring, dose
estimations, report generation, etc.);

b) periodic external checks of the laboratory’s operations. The external audits shall include a review
of the CBMN laboratory’s documentation of equipment operations, reagent suitability, and various
performance checks (i.e. inter-comparison exercises, operator qualifications, sample transport
integrity, etc.).

12
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8.2 Responsibility during service

The CBMN laboratory shall provide necessary guidance, procedures, and reporting to provide dose
assessment by the CBMN assay with a request for service. The service activities shall address the
following issues:

a)

b)

d)

the CBMN laboratory shall have documentation, reviewed and endorsed by a qualified expert
(i.e. CBMN laboratory radiobiologist or equivalent), including the following:

iy

)

an instruction sheet to be sent to the customer describing shipping procedures (see Annex C);

a guestionnaire that shall elicit patient consent and information on whole or

artial body

ithium or sodium heparin as the anticoagulant, shall be sént to the customer also i1
ppropriately labelled and addressed packaging materialfor'the return of the sample {
boratory. The packaging shall conform to national andyor international regulations fg
f potentially infectious pathological specimens (see‘d1:3.3);

dfter receipt of the blood sample, the following steps shall be performed:

1) document the receipt of the blood samplé(date, time, consignee);

2) code the blood sample;

3) document the place and the dutation and temperature of storage until the setting uj

4) setup duplicate culturesin parallel as soon as possible and document date, time, a

%) document with lot numbers as appropriate all reagents used for culturing;

6) document addition)of reagents and end of culture (date, time, operator);

7) document shobt-term and long-term storage of sample until slide making;

8) documentslide codes, number of slides, and location of storage;

9) doeuntent the scoring and analysis results;

10 ]stor:a slides ?nd case (Fio:uments in an appropriate place for atleast 30 years for poss
egal ra-avg ||f\f\'nn ofthae case:

exposure, source and quality of the radiation, circumstances of the exposure, expes
(country, city, company, etc.), date and time of exposure, previous occupationa
exposures to radiation, intake of pharmaceuticals, infection, smoking habit;” anc
exposures to any other DNA damaging agents, such as organic solyents or h
(see Annex D);

step by step procedures for processing the blood sample frem receipt of th
reporting of the dose;

response to a request for service a blood collection system (e:g. 10 ml sterile tube

ure location
or medical
| significant
bavy metals

e sample to

containing
1cluding the
o the CBMN
r the transit

of cultures;

nd operator;

ible medico-

o o tyaraacto T—tIrre-cooty

the CBMN laboratory shall interpret results and prepare reports (see Annex E);

the CBMN laboratory should sustain a dialogue with the requestor, reprioritizing cases as required,
and providing results to the requestor.
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9 Accidental overexposure involving few individuals

9.1 Procedure for scoring micronuclei in binucleated cells

9.1.1 Coding of samples and slides

All samples, slides, and intra-laboratory or inter-laboratory validation standards shall be coded.

Complete re

cords of coding shall be maintained.

9.1.2 Scoring techniques

The laboratpry head shall establish and implement procedures for the scoring techniques usedvWhen
scoring is af least partially performed with computer assisted image analysis, the system used should
have been previously subjected to quality assurance trials with results documented.

Methodical §canning of slides is crucial to ensure complete analysis without scoring any eellmore than pnce.
Criteria for $coring should be followed according to 3.7.

9.1.3 Labpratory scoring expertise

The laboratpry head is responsible for ensuring that the scorers aré appropriately trained to $core

slides accorj
laboratory (¢
used to gen
scorersisw
of variation
are within t
calibration (

9.2 C(rite

9.2.1 Ove

The measur
in vitro cali
regards to
dose. In conl

proceed bey
there exists
observing 2

!

ventional cases,‘atleast 1 000 binucleated cells should be scored from the case specimen,
unless the micronucleus yield is high (e.g. >1 micronucleus per cell), in which case, it is not necessa

omparisons. A set of calibration slides with known. micronucleus frequencies (e.g. §
erate a calibration curve) should be used routinely to verify that the scoring accura
]l within the expected scoring range. Scorers shall\be able to achieve acceptable coeffig
(no greater than 40 %) for repeat scores of stahdard control slides and absolute values
he Poisson 95 % confidence limits of the testoeference yield expected from the laborat]
urve.

ria for converting a micronucleus yield into an estimate of absorbed dose

F'view

ed micronucleus frequéncy is converted to absorbed dose by reference to an approp
ration curve producéd in the same laboratory with radiation of comparable quality
ose rate and linearyenergy transfer. This provides an estimate of the mean whole-

ond scoring,énough binucleated cells to observe 500 micronuclei. In the special case W
a high abundance of micronuclei but few binucleated cells, the dose can be reported
b0 micronuclei.

ding to the current standard. All scorers shall participate in intra-laboratory and inter-

lides
cy of
ients
that
ory’s

riate
with
body

ry to
rhere
after

9.2.2 Coni

\parison with controls

The CBMN laboratory shall provide in case reports the laboratory’s background micronucleus frequency.
If the measured micronucleus frequency is not significantly different from the background frequency,
the best estimate of dose should be quoted as zero with its upper confidence limit. If the measured
micronucleus frequency is significantly higher than the background level, then a dose estimate with its
uncertainties shall be derived and reported (see 6.3 and 6.4).

An alternative approach is to subtract the mean background value of micronuclei for the appropriate age
and gender category of the individual tested and use this corrected value to estimate the exposure dose
from the calibration radiation dose-response curve of induced MN frequency in binucleated cells. If this
approachisused to setup the calibration curve, it shall be specified and explained in the records/reports.
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9.2.3 Determination of estimated dose and confidence limits

The CBMN assay laboratory shall provide in result reports the estimated whole body dose and confidence
limits. Uncertainties would usually be expressed as 95 % confidence limits although other percentage
values can be quoted, if judged appropriate to a particular case. If the lower confidence limit falls below

Zero

dose, only the upper limit needs to be quoted.

The laboratory head shall define the methods used to determine confidence limits.

9.2.4 Acute and non-acute exposure cases

If an
be ol
been
level
the i}
the fi
calcy

NOTH

If an
be in
inter

The
expo

9.2.5

The
teste
(vari
than
give

expo
decig

whet

]

’

ptained by reference to an acute in vitro calibration curve. If an overexposure isykit
protracted beyond 24 h, the dose estimate may be obtained by reference to just'the
and linear coefficients of the acute calibration curve. For exposures of 0,5 hyto"24 h,
heasured yield may be interpreted from an appropriate non-acute calibratién curve. A
ull acute curve may be used but with a reduction of the dose-squared|ceefficient. ]
lated by the G-function method.

)

Further explanations of the G-function can be found in the IAEA techhical reports.

overexposure is known to have been intermittent, its indiyidual fractions may be
dependent i.e. their effects are additive, if the interaction interval is above 5 h. If b
action factor should be estimated using a 2 h time constant.

CBMN assay laboratory shall state in the result reports the method used to correct fi
sure dose estimates and, when appropriate, also.justify its assumptions.

Testing the distribution of micronucleiper binucleated cell

legree of over-dispersion for the distribution of micronuclei amongst binucleated ce
d. This should be done by the u testiwhich is a normalized unit of the dispersion in
ance/mean), as shown in Formula\(2]. For a Poisson distribution D should be unity, u v
1,96 indicate an overdispersion-(significance level, @ = 0,025). The degree of overdis
an indication of inhomogeneity of exposure, however, the use of this approach for j
sure estimation using the’CBMN assay needs further investigation. Nevertheless, if th
les to use this approachj.all conclusions shall be carefully documented and justified.

N As'the number of binucleated cells analyzed;

i

3timate may

bwn to have
background
if available,
Iternatively,
[his may be

assumed to
blow 5 h, an

I non-acute

s should be
ex D =s2/y
alues higher
persion can
partial body
e laboratory

(2)

9.3

{15 thhe number of micronuciei detected.

Reporting of Results

9.3.1 General

Routinely, the report shall contain the micronuclei frequency per binucleated cell and its interpretation
based on the current understanding of mechanisms for radiation-induced micronuclei formation.
Relevant information provided by the customer (e.g. circumstances of suspected exposure, independent
measure of dose, etc.) shall be reported since this can influence the interpretation of the findings in the
service laboratory.

The report should be subdivided into the following sections.
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9.3.2 Content of the report (see Annex E for a standard form)

The report should include information on the following points:

a) title of the report (i.e. “test report”);

b) name and address of the laboratory performing the analysis;

c) identification of the report by a unique number (i.e. a specific document number provided by the
institutional registry);

d) name and address of the customer, date of order;

e) identifi
describ

fation of the method of analysis (i.e. providing the number and name of the meth<|>d as
bd in the in-house quality system, and where relevant, any deviations from the test method);

f) unambiEuous identification of the sample (i.e. name, internal code, and date @f-birth of the

expose

g) descrip

of the r¢sult shall be stated (can also be dealt with in the interpretation ofithe results);

h) date an
culture
i) assayr

micronuyclei amongst binucleated cells;
j) interpre¢tation of test results (see 9.3.3);

k) name(s), title(s), position(s), and signature(s) authorizing the report and contact information.

9.3.3 Interpretation of the results

This varies
the followin|

subject);

fion of the case: allinformation provided by the customer thatis relevantto the interpretation

d location of blood sampling, date of sample arrival in the laboratory, date of setting up
b (if different), and date of completed analysis;

bsults: number of binucleated cells scored, number ef.micronuclei found, distributipn of

Hepending on the circumstances of‘each case but the report should include one or mqre of
i

a) dose estimate based on the frequency of micronuclei, expressed in SI units of absorbed dose ((y);

b) statemgnt on the likelihood €hat any micronuclei used in dose estimation relate to this partifular

radiological incident;

c) the micronuclei background frequency of the laboratory and the coefficients of the calibration qurve

used for converting.the dose from the micronuclei frequency;

d) quantif

where appropftiate, a lower confidence limit, and the percent level of confidence;

e) statem

cation<ef'the uncertainties on the dose estimate. This would normally be an upper|and,

ntonwhethartho doco actimatavwac mada ncoryming aecnito Ay nratractad
v et e e oS- o5ttt —vvos > T \=4 oo

rradiatiaon qvld lf
O T TH THo e e ot ate-o—pr ottt otraero=ill,

0

the latter, how protraction had been accounted for;

f) ifappropriate, the interpretation needs to consider the delay between the accidentand blood sampling;

g) summary of the essential key elements from the points above. This would normally include the best

estimat

e of dose based on the cytogenetic findings;

h) atthe end of the report: an invitation for the customer to contact the laboratory if he/she requires

further

16

clarification or explanation about the results and/or the assay.
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10 Population triage

10.1 General

The potential for nuclear and radiological emergencies involving mass casualties from accidental or
malicious acts of terrorism requires generic procedures for emergency dose assessment to help the
development of medical response capabilities. A mass-casualty incident is defined here as an event that
exceeds the local medical resources.

The CBMN assay in triage mode evaluates and assesses approximately and rapidly radiation doses
received by individuals in order to supplement the clinical categorization of casualties.

10.2 Use of a CBMN assay network for large scale exposures

To d¢al with mass casualty scenarios, cytogenetic biodosimetry networks can be-established consisting
of a reference laboratory supplemented by satellite laboratories, either natignally or int¢rnationally.
ISO 41243 addresses the establishment of cytogenetic networks for the dicentric:assay. This Ihternational
Stanglard can equally be applied to the CBMN assay.

10.3 Procedure for scoring micronuclei in binucleated cells
The §ame procedure as that described in 9.1 should be used with)modification as described below.

In trjage mode, if only individuals exposed to at least 1 Gy ofiradiation need to be identified rapidly and
therg¢ is an overwhelming number of subjects to be tested, scoring of a minimum of 200 binulcleated cells
is sufficient, unless micronucleus yield is high in whigh-case, it is adequate to score enough|binucleated
cells|to observe 200 micronuclei. In the special case\where there exists a high abundance of|micronuclei
but few binucleated cells, the dose can be reported after observing 100 micronuclei.

10.4{ Criteria for converting a micronueleus yield into an estimate of absorbed dose
The $ame criteria as described in 9.2@8heuld be used with the following exceptions:

a) il;:lly a maximum of 200 binucleated cells needs to be scored, unless 200 micronuclei are observed
a smaller number of binucleated cells;

b) asingle average background level of micronuclei should be used as a control as described in the first
paragraph of 9.2.2.'Age matched background values are not required.

10.5 Reporting.ofresults

The report_should include as much content from 9.3.2 as possible. However, multiple saniples can be
tabulatedin:the same report if appropriate (see Annex F for multiple sample report).

11 Quality assurance and quality control

11.1 Overview

As a minimum, the quality assurance and quality control practices cited below apply to laboratories
performing biological dosimetry by the CBMN assay.

11.2 Quality Assurance

11.2.1 Quality assurance plan
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11.2.2 Responsible quality assurance person or organization

The quality assurance plan shall designate an organization or person, typically the laboratory head, with
sufficient knowledge to identify quality assurance problems and with sufficient authority to initiate or
recommend corrective actions and to provide verification of deficiency corrections.

11.3 Quality control

11.3.1 General

Performancechecks shallhe conducted to ensure the conformance of analytical processes, measurement
equipment gnd procedures, and the facilities to predetermined operational requirements.

11.3.2 Quality control procedures

The laboratpry shall have written quality control procedures to verify that the quality of estimption
of absorbed|dose measurements complies with the accuracy requirements specified in Clause 9} The
quality contjrol procedures should include the following:

a) use of traceable reference standards;

b) performance checks of measurement systems;

¢) instrunjent calibration;

d) intra-laporatory analyses (e.g. known quantities, replicates, and blanks);

e) particigation in available inter-laboratory intercomparison programmes;

f) computptional checks;

g) review of procedures, specifications, and operating logs;

h) observgtion of operations and evaluation of quality control data;

i) evaluating conformance to the perfermance criteria of this International Standard;

j) evaluating quality control data'to'ensure the long-term consistency of analytical results;

k) verification of minimum détection level determinations.

11.3.3 Performance chécks of sample transport integrity

In many casgs, blood‘collection occurs at sites distant from the processing laboratory and transportation
isnecessary} Ifairtransportation is used, one has to avoid the x-irradiation at the security checkpo%lpts. A

physical dogiméter should be included in the shipping package to verify this. For international transport,
the approprjate’permits shall be obtained in advance and included in the shipment to avoid delays gt the
customs office. All details concerning blood collection and storage should be recorded. Because of the
risk for infectious diseases (hepatitis, HIV), appropriate precautions shall be followed when handling
the blood samples.

11.3.4 Performance checks of sample integrity by CBMN laboratory

A system for recording the collection, transport, and storage of the blood samples should be established
so that sample integrity is guaranteed. The use of coded samples is critical to avoid potential bias in the
scoring. As internal quality assurance, a negative control randomly selected from a group of healthy
unexposed subjects should be included to prove the reliability of the procedure. Blood from both
exposed and unexposed individuals shall be handled in the same manner. The blood samples from both
populations have to be taken concurrently and not successively.
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11.3.5 Performance checks of instrumentation

Performance of the measurement equipment shall be checked and evaluated at regular intervals while
the equipment is in use. For example, the stability of the temperature control of the incubators has to be
controlled. These checks shall be sufficient to demonstrate that the measurement equipment is properly
calibrated and that all components are functioning properly. Replicate in vitro measurements should
also be made periodically. Techniques such as quality control or tolerance charts shall be used for the
evaluation of instrument performance. A quality control measurement shall be performed prior to use
of the instrument and the number of quality control measurements should represent at least 5 % of the

total

number of measurements.

11.3{6 Performance checks of sample protocol

The ¢ulture, fixation, and staining procedures shall be described in detail in the quality ha
composition of each reagent shall be described as accurately as possible in the quality hand

Samples containing known exposures of specific radiation dose and quality ofinterest shall
to determine bias and precision of the analytical procedures. Replicate samples should also &
perigdically. Statistical techniques such as quality control charts shall-be’used to evalua

hdbook. The
book.

be analysed
e processed
te biological

dosimetry cytogenetic procedure performance data. The number of ‘quality control samples shall be

equ
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trained and experienced observers. If different scorexs are involved, a balanced scoring de
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rathé
the s
slide
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step
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Non-
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confidence. limits of exposure shall be selected appropriately depending on whether ex

chro

to at least 5 % of the total samples analysed.

7 Performance checks of sample scoring

tains their high quality. Uniform criteria for scoriig shall be used. Scoring shall be p

Each scorer should analyse the same numper of binucleated cells from the slides of
br than different scorers analysing all cells\from different subjects. The identity of t
lides shall be recorded. A positive qualjty assurance standard should be included with
5 of the study. Independent of the sexyice activity, internal quality assurance periodic
omparison of the scoring results ef¥xéplicate samples between scorers. External qualit

involve the sharing of replicate_samples with other laboratories. Furthermore, extd
rance requires the organization of multicentre intercomparisons at regular time
hntee the uniformity of thesscoring results among the laboratories.

8 Performance chécks of dose and confidence limits estimation

parametric tests“should be used for univariate statistical analysis because micror
t not be normally distributed. The confidence limits of the exposure have to be calgd
ncertaintyien the micronucleus yields and the variation of the dose-response relatior
iduals, typically determined in a prior study. The dose-response relationship used fo

hic’or acute.

e analysis, the microscopic slides or fixed cell suspensions should be stored in a fnanner that

erformed by
5ign shall be
all subjects
he scorer of
in the set of
hlly involves
y assurance
rnal quality
intervals to

ucleus data
ulated from
Iship among
[ estimating
posure was

11.3.

9 Performance checks of result report generation

Each study report to the customer shall be examined to ensure that it contains the necessary information
as defined in this International Standard (see Clause 10), namely: subject and customer identifies,
exposure information, exposure and sampling date, scoring results, interpretation of the results in
terms of dose and its uncertainty and information of how this was derived.
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Sample data sheet for recording micronuclei in binucleated cells

Sample No/Slide Code:

Microscope [N*:
Scorer (Last Name, First Name):

Date (Day/Month/Year):

Slide Micronucleus distribution in BN cells Total No. of BN Total No. pf
No.- | ofaN | 1MN | 2MN | 3MN | 4MN | 5MN | >5MN cells micronuciei
1 468 27 4 1 0 0 0 500 38
2 472 26 2 0 0 0 0 500 30
1+2 | 940 53 6 1 0 0 0 1000 68
Remarks:

MN: micronucleus
BN: binucleated

NOTE The numbers in the table are only given as anéxample.

20 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=be7a2767f89388491a6902f375905b15

IS0 17099:2014(E)

Annex B
(informative)

Automation of micronuclei scoring

Inthelast20years,therehave beenseveral attemptsto establishanautomated MN scoring system, butnone
of the systems were adequately validated for routine diagnostic use. In the meantime, new developments

in hardware and software have made advanced systems available, especially the fast progré

deviq

The1
assay
The 3
coho
radig
canc

es and larger data storage units allowed new approaches in automated image analysis.

eason to promote the automation of the micronucleus assay has multiple motivations. A
' could reduce the uncertainties involved in human scoring and increase throighput of
bility to rapidly score a high number of samples would be of interest in all bie-monitoring
'ts exposed to mutagenic agents such as DNA-reactive chemicals or radiation), in cancer |
tion therapy (i.e. individual mutagen and/or radiation sensitivity, as predictive assay fi
br therapy), and as a screening bio-dosimetry tool in the case of aJarge scale radiation a
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The
num
due t
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laboj

about the uncertainties associated with the results and possible confounders.

An i
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Althrlugh automation of MN assays is relevant to different cell €ypes (i.e. buccal cells, er

is Annex, the focus is on peripheral human lymphocytes; the main cell type used f
etry. The end point of interestis restricted here to the EBMN assay, i.e. the frequency of
ucleated cells (BN) in cytokinesis block cultures.

manual quantification of the yield of micronuclei(in BN cells can be very time consum
ber of samples need to be analysed after in vivo exposure. Furthermore, there is some bia
0 subjective interpretation of scoring criteria’I'he image analysis automation process c{
hnd can generate a high throughput system with great reproducibility once a set of ¢
bnize binucleated cells and micronucléei-within them are established and agreed fol
atories. A very important requiremertit for the use of automated scoring machines i

mportant feature to receivencomparable data between different laboratories usin
nated system will be a standardized protocol (optimized for requirements of the sy
re of lymphocytes, slide.preparation, slide staining, and image analysis classifiers.

e are three important systems with different background technologies and procedure;

cytometry has been used since the beginning of the 1990s as an approach to quantify
main limitation of this method results from the need to analyse lysed cells (resulting

ha membranes) with MN in suspension. As a consequence, strategies to discriminate bety
s, apoptotic nuclear fragments, and MN were not always effective causing an increase in
se positive MN. Another restriction is the loss of information about the distribution of t

cell population and, in addition, the measured samples cannot be stored for documentatiq

ss in optical

n automated
the samples.
projects (i.e.
esearch and
r individual
ccident.
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br biological
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' use across
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tem) for the

in the field.
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n destroyed
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n purposes.

Furthermore, itis not possible in a conventional flow cytometry system to restrict scoring to once-divided
cells only which is essential for accurate micronucleus measurements without confounding by cell division
kinetics in culture. However, a novel imaging flow cytometric system recently developed has the capacity
to identify cytokinesis block binucleated cells and partially detect micronuclei within them.

Superior to this approach are the recently developed laser scanning cytometers (LSC) which provide
fluorescence excitation with up to four different laser wavelengths. This method can analyse cells,
fixed on microscope slides or in multi-well plates. A concurrent differential staining of DNA (e.g. PI) and
proteins (e.g. FITC) offers a better MN identification than DNA staining alone. MN are characterized by
their DNA content and the ratio of DNA/protein provides additional parameter to distinguish MN from
artefacts. The software is able to identify the number of MN of each individual cell by the FISH spot
counting protocol in the software and provides information about the distribution of the MN amongst
mononucleated, binucleated, and multinucleated cells. Image analysis revealed that 93 % of the detected
objects are MN. Binucleated cells are detected by their DNA content (DNA index of 2.2 to 3.8), confirmed
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as >80 % true positive and MN scored specifically in such cells. There is a good correlation (r = 0,87) in
MCEF-7 cells between visual analysis and LSC.

Another strategy is using computerized microscopes as advanced image analysis systems. For instance,
a system is equipped with a software module which scans CBMN assay samples full automatically
for micronuclei using a 10 x microscope objective. Automated detection of mono-nucleated cells and
binucleated cells provides information about cell proliferation. A motorised scanning stage and external

slide feeder

allows the automatic screening of 80 slides without further human interactions.

The binucleated cells and MN are detected by topographic parameters (e.g. shape and size of the nuclei,
distance between nucle1 size of ob]ects within reglon of 1nterest) Wthh are 1nd1v1dually adapted to the

preparationb
countingang
highly corre
software ca
established

After a visu

respect to their MN content.

NOTE 1
as BN cells w
MN identified

The false po
that 60 blog
system relat

Another im
algorithms.
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interactive Y
resulted cor
the automat

0,96). The results obtained with the @uto
h be used without further human evaluation. Applying a dose effect curve for,gammaj
vith the automated system, a dose of 1 Gy can be detected with an accuracy of0;2 Gy.

ated, as determined by regression analysis (r =

al check of all binucleated cells identified, only 2 % of BN cells weré.misclassified

Do of BN cells classified as BN cells with MN did not contain MN and about 1 % of BN cells clas
ithout MN contained MN. The percentage of false positive and false negative MN, with respect|
| is, of course, higher.

sitive rate of binucleated cells was 6,3 %, partly influenged by apoptotic cells. It is estiny
d samples (120 slides) can be processed in a 12 h shift The detection rate of the auton|
ive to visual scoring is about 87 %.

hge-analysing system is comparable to the previous one but based on different dete
While the former detects binucleated cells by‘the proximity of two nuclei, in the latter syj
m of cells is first detected and in a second Step, the nuclei and micronuclei are searchg
his system shows a false positive value\for MN detection higher than 1 % and therefof
risualization step is recommended as,quality control and validation. The automated sc
sistently in lower yields in dose(effect curves than by manual scoring. The detection r4
ed system is about 68,5 %.
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Annex C
(informative)

Instructions for customer (sample)

PROCEDURES FOR COLLECTING BLOOD FOR MICRONUCLEUS ANALYSIS

efore the blood sample is taken, the laboratory should be informed in order that it can
its arrival and pick up. Schedule the time for blood draw with the sample pick-up for
inimize this time;

he phlebotomist shall be informed thatall blood samples areto be collected into lithiun
Ieparin tubes, (at least 5 ml). They shall immediately gently rock the tubes for 2 m
roper mixing and label the tubes with your name and date of birth;

he subject shall complete the questionnaire, verify any prescription or over-the-counte
if:ing taken (drug, dosage- see bottom of this sheet);’and document, if possible, any X-r3

edicine procedures undergone over the last 2 years (see bottom of sheet). The laborator
1

o know if the subject smokes and, if so, for approximately how long (in years) and how ma

he blood sample shall be packaged carefully to prevent breakage of the tubes in tran
lood should be maintained around at.20 °C. Blood samples shall not be frozen. O

onform to the current regulations (XXX). The package and shipping documents shal
ith “NOT TO BE X-RAYED” and a physical dosimeter shall be included in the package

mediately aftérblood collection, the sample shall be shipped by special transpor
vernight air.éxpress so that the laboratory can receive the blood early in the morni
ample collection. Contact the laboratory to confirm the shipment and inform of the Way|
HIS IS IMBORTANT FOR TRACKING THE SAMPLE;

or hestresults, blood shall be received within 24 h of collection.

to dicentric
bn’s physical
or disputed.
be collected

prepare for
shipment to

h or sodium
n to ensure

" medication
y or nuclear
y also needs

ny (per day);

5it. Also, the
e method of

aintaining blood at room temperature is to place the tubes on a gel pack that has been allowed
o stay at room temperature forseveral hours. To further ensure that the samples dp not freeze
uring transportation (e.g. Air-mail), the package shall be marked on the exterior with URGENT
IAGNOSTIC SAMPLES -'NOT TO BE FROZEN. For air transport, packaging and lapelling shall

be marked

fation using
g following
Bill number.

TTeortr

(CBMN laboratory address)

Phone: (XXX) XXX-XXX

Fax:

(XXX) XXX-XXX

E-mail: name@company.com

© IS0 2014 - All rights reserved

23


https://standardsiso.com/api/?name=be7a2767f89388491a6902f375905b15

ISO 17099

:2014(E)

Annex D

(informative)

Sample questionnaire

Exposure Information for Micronucleus Analysis

(TO BE FILLH

I

(Name), born

for the purpd

D OUT BY THE SUBJECT or representative e.g. the medical doctor in charge of)

se of estimating the micronucleus yield induced by exposure to ionizing radiation.

(dd/mm/yy) consent to giving a bléod sample

Signature
Blood sampldq taken by: Laboratory name:
Laboratory Alddress:
Telephone #: Fax: E-mail:
Date and timg blood sample taken: (dd/mm/yy)
ExposureData: __________________ Radiation worker or Non-Radiation Worker

1. Date and ti

2. Place:

me of overexposure:

(dd/mm/yy - time)

Company:

3. Brief descy

iption of overexposure:

4. Whole bodly exposure (O _Partial body exposure
Dose value: Part of body:
Dose value:
Acute O Fractionated

How is this d

bse.value obtained?

O Internal contamination O
Nuclide
Dose value:

O Protracted O

5. Type of radiation:

x-ray

Neutrons

24
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nuclide?

source

@)
O nuclide?
@)
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