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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

electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all such'patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific

ld Trade Organization (WTQO) principles in the TFechnical Barriers to Trade (TBT) se
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5 document was prepared by the European Committee for Standardization (CEN)
mittee CEN/TC 275, Food analysis — Horizontal methods, in collaboration with ISQ

mittee TC 34, Food products, Subcommiittee SC 9, Microbiology, in accordance with the
chnical cooperation between [SO and CEN (Vienna Agreement).

5 first edition cancels and replaces ISO/TS 15216-2:2013, which has been technically r¢
following changes:

arequirement to use aSuitable buffer for the dilution of control materials has been adds
the method for generating process control virus RNA for the standard curve has been c}

breakpoints with a defined temperature and time parameters in the extraction mef
been addeds

the termiinology has been changed from amplification efficiency to RT-PCR inhibition;
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extrareal-time RT-PCR reactions for sample RNA and negative controls have been adde

method characteristics an € results or method validation studies have been adde

Alist of all parts in the ISO 15216 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Hepatitis A virus (HAV) and norovirus are important agents of food-borne human viral illness. No
routine methods exist for culture of norovirus, and HAV culture methods are not appropriate for routine
application to food matrices. Detection is therefore reliant on molecular methods using the reverse-
transcriptase polymerase chain reaction (RT-PCR). As many food matrices contain substances that
are inhibitory to RT-PCR, it is necessary to use an extraction method that produces highly clean RNA
preparations that are fit for purpose. For surfaces, viruses are removed by swabbing. For soft fruit and
leaf, stem and bulb vegetables, virus extractlon is by elutlon with agltatlon followed by prec1p1tat10n

with PEG/

by concentfation by ultraflltratlon is used For blvalve molluscan shellfish (BMS) viruses are extra
from the tissues of the digestive glands using treatment with a proteinase K solution. For allamatrjices

that are n
common R|
by adsorpt

t covered by this document, it is necessary to validate this method. All matri¢es sha

time RT-P(R cycle by measuring the excitation of fluorescently labelled molecules. In peal-time RT-
with hydrqlysis probes, the fluorescent label is attached to a sequence-specific nueleotide probe
also enablds simultaneous confirmation of target template. These modificationsihcrease the sensiti
and speciffcity of the real-time RT-PCR method, and obviate the need fof7additional amplifica

product co

to include § comprehensive suite of controls. The method described in thisddocument enables detec
of virus RNA in the test sample. A schematic diagram of the testing pfocedure is shown in Annex A.

Themainc

hanges, listed in the Foreword, introduced in this document compared to ISO/TS 15216-2:2

are consid¢red as minor (see ISO 17468).

e a

NA extraction method based on virus capsid disruption with chaotropic reagents folloyed
ion of RNA to silica particles. Real-time RT-PCR monitors amplification throughout the real-

PCR
rhat
ity
[ion

hfirmation steps post real-time RT-PCR. Due to the complexity of.the method, it is necesgary

fion

13,

Vi
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Microbiology of the food chain — Horizontal method for
determination of hepatitis A virus and norovirus using
real-time RT-PCR —

Part 2:

enogroups
es, bottled

water, bivalve molluscan shellfish (BMS)] or surfaces using real-time RT-PCR.
Thip method is not validated for detection of the target viruses in other foodstuffs (inclugling multi-
conjponent foodstuffs), or any other matrices, nor for the detection of other viruses in [foodstuffs,
surfaces or other matrices.
2 |Normative references
The following documents are referred to in the text in such a way that some or all of their content
conptitutes requirements of this document. Forsdated references, only the edition cited 4pplies. For
undated references, the latest edition of the reférenced document (including any amendments) applies.
[S0| 20838, Microbiology of food and aninial feeding stuffs — Polymerase chain reaction (ACR) for the
detéction of food-borne pathogens — Regtlirements for amplification and detection for qualitative methods
1S0|22119, Microbiology of food and animal feeding stuffs — Real-time polymerase chain reaction (PCR) for
the detection of food-borne pathogens — General requirements and definitions
1SO| 22174, Microbiology of faod and animal feeding stuffs — Polymerase chain reaction (PCR) for the
deteéction of food-borne pathogens — General requirements and definitions
3 |Terms anddefinitions
For|the purposés of this document, the terms and definitions given in ISO 20838, ISO 22119| ISO 22174
and the folowing apply.
[SOland 1EC maintain terminological databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available at http://www.electropedia.org/
3.1
foodstuff
substance used or prepared for use as food
Note 1 to entry: For the purposes of this document, this definition includes bottled water.
3.2
surface
surface of food, food preparation surface or food contact surface
© IS0 2019 - All rights reserved 1
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3.3
soft fruit

-2:2019(E)

small edible stoneless fruit

EXAMPLE Strawberries, raspberries, currants.
3.4
leaf, stem and bulb vegetables

leaves, stems and bulbs of plants, eaten as a vegetable

EXAMPLE Lettuce, green onions.

3.5

hepatitis A virus

HAV

member of{the Picornaviridae family responsible for infectious hepatitis

Note 1 to dntry: Genetically, HAV can be subdivided into six genotypes on the basis of(the VP1/2A re
(genotypes|l, 2 and 3 have been found in humans, while genotypes 4, 5, and 6 are of simian‘origin). There is

one serotyple.

Note 2 to entry: Transmission occurs via the faecal-oral route by person-te-person contact, through
consumptiopn of contaminated foodstuffs (3.1), contact with contaminated water oy'surfaces (3.2), or contact y
contaminatgd fomites. HAV is classified as a group 2 biological agent by the Edropean Union and as a risk gro
human aetiglogical agent by the United States National Institutes of Health,

3.6

norovirus

member offthe Caliciviridae family responsible for sporadicgases and outbreaks of acute gastroente
Note 1 to ¢ntry: Genetically, norovirus can be subdivided,into seven separate genogroups. Three of t
genogroups} GI, GII and GIV have been implicated in humarn gastrointestinal disease. GI and GII are respons

for the vast

Note 2 to

consumptioj
contact wit
European U

3.7
detection
detection
surface (3.]

3.8

detection
detection ¢
a surface (3

39

majority of clinical cases.

entry: Transmission occurs via the:.faecal-oral route by person-to-person contact, through
n of contaminated foodstuffs (3.1)( through contact with contaminated water or surfaces (3.2
h contaminated fomites. GI and G]I noroviruses are classified as group 2 biological agents by
hion and as risk group 2 human'@etiological agents by the United States National Institutes of He

pf HAV
of HAV (3.5) RNA.in-a predetermined mass or volume of foodstuff (3.1), or on the area

)

pf norovirus
f norevirus (3.6) RNA in a predetermined mass or volume of foodstuff (3.1), or on the arg
.2)

bion
bnly

the
vith
Lp 2

Fitis
lese

ible

the
, or
the
h1th.

of a

a of

process control virus
virus added to the sample portion at the earliest opportunity prior to virus extraction to control for

extraction

3.10

efficiency

process control virus RNA
RNA extracted from the process control virus (3.9) in order to produce standard curve data for the

estimation

3.11

of extraction efficiency

negative RNA extraction control
control free of target RNA carried through all steps of the RNA extraction and detection procedure to
monitor any contamination events

2
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3.12

negative process control

target pathogen-free sample of the food matrix, or target pathogen-free non-matrix sample, that is run
through all stages of the analytical process

3.13

hydrolysis probe

fluorescent probe coupled with a fluorescent reporter molecule and a quencher molecule, which are
sterically separated by the 5-3'-exonuclease activity of the enzyme during the amplification process

3.14

negative real-time RT-PCR control
aliquot of highly pure water used in a real-time RT-PCR reaction to assess contamination’{n the real-
timp RT-PCR reagents

3.1

external control RNA
EC RNA

refgrence RNA that can be used to assess inhibition of amplification for-the real-time RT-P(R assay of
relgvance by being added in a defined amount to an aliquot of sample RNA in a separate readtion

EXAMPLE RNA synthesized by in vitro transcription from a plasmidcarrying a copy of the targdt gene.

31

Cq Value
qualntification cycle, which is the cycle at which the target is quantified in a given real-time RT-PCR
reag¢tion

Note 1 to entry: This corresponds to the cycle at whichwreaction fluorescence rises above a threshold|level.

4 (Principle

4.1 Virus extraction

The foodstuffs and surfaces covered by this document are often highly complex matrices and the target
viruses can be present at low(concentrations. It is therefore necessary to carry out matrix-spgcific virus
extraction and/or concentration in order to provide a substrate for subsequent common garts of the
profess. The choice of method depends upon the matrix.

4.2] RNA extraction

It ignecessary to extract RNA using a method that yields RNA preparations of suitable purity to reduce
the[effect of RT-PCR inhibitors. In this document, the chaotropic agent guanidine thiocyanatg is used to
disrupt the'viral capsid. RNA is then adsorbed to silica to assist purification through several washing
stages..Purified viral RNA is released from the silica into a buffer prior to real-time RT-PCR.

4.3 Real-time RT-PCR

This document uses one-step real-time RT-PCR using hydrolysis probes. In one-step real-time RT-PCR,
reverse transcription and PCR amplification are carried out consecutively in the same tube.

Real-time RT-PCR using hydrolysis probes utilizes a short DNA probe with a fluorescent label and a
fluorescence quencher attached at the 5’ and 3’ ends, respectively. The assay chemistry ensures that as
the quantity of amplified product increases, the probe is hydrolysed and the fluorescent signal from the
label increases proportionately.

Due to the low levels of virus template often present in foodstuffs or surfaces and the strain diversity in
the target viruses, the selection of fit-for-purpose one step real-time RT-PCR reagents and PCR primers
and hydrolysis probes for the target viruses is important. Guidelines for their selection are given in

© IS0 2019 - All rights reserved 3
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5.2.19 and 5.2.20. [llustrative details of reagents, primers, and probes (used in the development of this

document)

are provided in Annexes C and D.

4.4 Control materials

4.4.1 Process control virus

Losses of target virus can occur at several stages during sample virus extraction and RNA extraction.
To account for these losses, samples are spiked at the earliest opportunity prior to virus extraction
with a defined amount of a process control virus. The level of recovery of the process control virus shall

be determined for each sample.

The virus

sSRNA viry
model. Thg
The virus §
for the tar
occur natu

An exampl
provided i

4.4.2 EC

Many food
of further
individual
to an aliqu
of this wit

RT-PCR inhibition in each sample under test. In addition, in this method, the EC RNA control acts

positive co

Alternativd
alternativg
control as

4.5 Test

For surfac

genome noft detected” followed by “in x cm?2”, where x is the approximate surface area swabbed. W}

it is not pa
detected”

genome de
of sample t

selected for use as a process control shall be a culturable non-enveloped positive-se
s of a similar size to the target viruses to provide a good morphological and physicochem

process control virus shall exhibit similar persistence in the environmentte the targ
hall be sufficiently distinct genetically from the target viruses that real-time RT-PCR asj
bet and process control viruses do not cross-react, and shall not nornfally be expecte
rally in the foodstuffs or surfaces under test.

of the preparation of process control virus (used in the development of this documen
Annex E.

RNA control

matrices contain substances inhibitory to RT-PCR, andthere is also a possibility of carryc
nhibitory substances from upstream processing.dn order to evaluate RT-PCR inhibitio
samples, EC RNA (an RNA species carrying the*target sequence of interest, 5.3.11) is ad
pt of sample RNA and tested using the real-titne RT-PCR method. Comparison of the res
h the results of EC RNA in the absence of sample RNA enables determination of the leve

htrol for real-time RT-PCR for the targetviruses.

approaches for the assessment,;of RT-PCR inhibition are permitted, provided that

lescribed in this document:

results

bs, this method provides a result expressed either as “virus genome detected” or “v

ssible to record the surface area swabbed, results are expressed either as “virus gen
br “virus genome not detected”. For other sample types, results are expressed as “v
Lected®or “virus genome not detected” followed by “in x ml” or “in x g”, where x is the amc
ested:

nse
ical
ets.
ays
1 to

) is

ver
h in
ded
ults
] of
hS a

the

approach can be demonstrated to provide equivalent performance to the use of EC RNA

rus
jere

me
rus
unt

5 Reagents

5.1 General

Use only reagents of recognized analytical grade, unless otherwise specified.

For current laboratory practice, see [SO 7218.

5.2 Reagents used as supplied

5.2.1 Molecular biology grade water.

© ISO 2019 - All rights reserved
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5.2.2

5.2.3

5.2.4

5.2.5

5.2.6

Polyethylene glycol (PEG), mean relative molecular mass 8 000.

Sodium chloride (NacCl).
Potassium chloride (KCI).
Disodium hydrogenphosphate (Na,HPO,).

Potassium dihydrogenphosphate (KH,PO,).

ISO 15216-2:2019(E)

5.2{7

5.218

5.2{9

5.2{10

5.2{11

5.2{12

5.2{13

5.2]14

5.2{15

5.2{16

Tris base.

Glycine.

Beef extract powder.

Proteinase K.

Pectinase from Aspergillus niger or A. aculeatus.
Chloroform.

n-Butanol.

Sodium hydroxide (NaOH) (= 10 mol /1)

Hydrochloric acid (HCI) (= 5 mol/H:

Ethylenediaminetetraacetic acid (EDTA) disodium dihydrate.

5.2{17 Silica, lysis, wash and“elution buffers for extraction of viral RNA. Reagents shall enable
professing of 500 pl of sample extract, using lysis with a chaotropic buffer containing| guanidine
thidcyanatel#] and using(silica as the RNA-binding matrix. Following treatment of silica-boungl RNA with

wagh buffer(s) to remove impurities, RNA shall be eluted in 100 pl elution buffer.

Thg RNA preparation shall be of a quality and concentration suitable for the intended pyrpose. See
Annex F for illustrative details of RNA extraction reagents (used in the development of the method
desfribed inithis document).

5.2]/18 Reagents for one step real-time RT-PCR. Reagents shall allow processing of 5 pul RNA in 25 pl
totdlzalume They shall he suitahle for one step real-time RT-PCR using hydrolysis prohef (the DNA

polymerase used shall possess 5'-3" exonuclease activity) and sufficiently sensitive for the detection of
virus RNA as expected in virus-contaminated foodstuffs and surfaces. See Annex C for illustrative details
of one step real-time RT-PCR reagents (used in the development of this document).

5.2.19 Primers and hydrolysis probes for detection of HAV and norovirus GI and GII. Primer and
hydrolysis probe sequences shall be published in a peer-reviewed journal and be verified for use against
a broad range of strains of target virus. Primers for detection of HAV shall target the 5’ non-coding region
of the genome. Primers for detection of norovirus GI and GII shall target the ORF1/0RF2 junction of the
genome. See Annex D for illustrative details of primers and hydrolysis probes for detection of HAV and
norovirus GI and GII (used in the development of this document).

© IS0 2019 - All rights reserved
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5.2.20 Primers and hydrolysis probes for detection of the process control virus. Primer and
hydrolysis probe sequences shall be published in a peer-reviewed journal and be verified for use against
the strain of process virus used. They shall demonstrate no cross-reactivity with the target virus. See
Annex D for illustrative details of primers and hydrolysis probes for detection of the process control
virus (used in the development of this document).

5.3 Reagents requiring preparation

Due to the large number of reagents requiring individual preparation, details of composition and
preparation are given in Annex B. The instructions in Annex B shall be followed when preparing
reagents ligtedumder 5-3-1t0 5387

531 5

X

PEG/NacCl solution (500 g/1 PEG 8 000, 1,5 mol/1 NaCl). See B.1.
5.3.2 Chloroform/butanol mixture (1:1 volume fraction). See B.2.

5.3.3 Pr¢teinase K solution (3 000 U/1). See B.3.

5.3.4 Phpsphate-buffered saline (PBS). See B.4.

5.3.5 Tris/glycine/beef extract (TGBE) buffer. See B.5.

5.3.6 Tris solution (1 mol/l). See B.6.

5.3.7 EDJIA solution (0,5 mol/1). See B.7.

5.3.8 Tris EDTA (TE) buffer (10 mmol/l Tris, 1 mmol/l EDTA). See B.8.

factor of 10 in a suitable buffer, e.g. PBS (53.4). This dilution shall allow for inhibition-free detectiop of
the proces$ control virus genome using real-time RT-PCR, but still be sufficiently concentrated to aljlow
reproducible determination of the lowest'dilution used for the process control virus RNA standard cyrve
(see 8.4.2.14). Split the diluted process.control virus material into single use aliquots and store at —=1p °C
or below. $ee Annex E for illustrative details of the preparation of process control virus (used in|the
development of the method described in this document).

5.3.9 Pro¢cess control virus material. Process control virus stock shall be diluted by a minin}um
0

5.3.10 Real-time RT-PCR mastermixes for target and process control virus. Reagents shall be added
in quantiti¢s as specified by the manufacturers (5.2.18) to allow 20 pl mastermix per reaction in a 2f5 pl
total volunje. Optimial)primer and probe concentrations shall be used after determination following|the
recommenflationsof the reagent manufacturers. See Annex C for illustrative details of real-time RT-PCR
mastermixgs (fiséd in the development of this document).

5.3.11 EC RNA control material. Purified ssRNA carrying the target sequence for each target virus shall
be used. They shall contain levels of contaminating target DNA no higher than 0,1 % and shall not cause
RT-PCR inhibition. The concentrations of each EC RNA stock in copies per microlitre shall be determined,
then the stock shall be diluted in a suitable buffer, e.g. TE buffer (5.3.8), to a concentration of 1 x 102
to 1 x 10> template copies per microlitre. The concentration used shall be appropriate for the types of
samples under test and shall ensure that RT-PCR inhibition calculations are not affected by the presence
of endogenous target RNA in the samples. As EDTA can act as an inhibitor of RT-PCR, buffers used to
dilute EC RNA shall not contain concentrations of EDTA greater than 1 mmol/l. Split the diluted EC RNA
preparation (EC RNA control material) into single use aliquots and store at 5 °C (6.4) for up to 24 h, at

6 © IS0 2019 - All rights reserved
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-15 °C or below for up to 6 months, or at =70 °C or below for longer periods. See Annex G for illustrative
details of the preparation of EC RNA (used in the development of this document).

Alternative approaches for the assessment of RT-PCR inhibition are permitted, provided that the
alternative approach can be demonstrated to provide equivalent performance to the use of EC RNA
control as described in this document.

6

Equipment and consumables

Standard microbiological laboratory equipment (see ISO 7218) and, in particular, the following.

6.1| Micropipettes and tips of a range of sizes, e.g. 1 000 pl, 200 pl, 20 pl, 10 pl. Aerosohre
shall be used unless unobstructed tips are required, e.g. for aspiration (as in 6.8 and E.3),

6.2| Pipette filler and pipettes of a range of sizes, e.g. 25 ml, 10 ml, 5 ml

6.3| Vortex mixer.

6.4| Refrigerator, capable of operating at (5 * 3) °C

6.5| Shaker, capable of operating at approximately 50 oscillations min-1.

6.6 Shaking incubator, operating at (37 + 2) °C @nd approximately 320 oscillation
equiivalent.

6.7| Rocking platform(s) or equivalent for use;at room temperature and (5 * 3) °C at app
60 ¢scillations min-1.

6.8| Aspirator or equivalent apparatus;for removing supernatant.

6.9| Water bath, capable of operating at (60 * 2) °C or equivalent.

6.1D Centrifuge(s) and rotor(s), capable of the following run speeds, run temperatureg
caphcities:

a) |10 000g at (5 +B%°C with capacity for tubes of at least 35 ml volume;

b) |10 000g at(5* 3) °C with capacity for chloroform-resistant tubes with 2 ml volume;

c) |4 000g:atroom temperature with capacity for centrifugal filter concentration devices (§
6.1]L CEentrifuge tubes and bottles of a range of sizes, 1,5 ml, 5 ml, 15 ml, 50 ml, etc. G

Sistant tips

min-1 or

roximately

and rotor

.16).

hloroform-

resistant tubes with 2 mi capacity are Necessary.

6.12 pH meter (or pH testing strips with demarcations of 0,5 pH units or lower).

6.13 Sterile cotton swabs.

6.14 Mesh filter bags (400 ml).

6.15 Positively charged membrane filters, with 0,45 pm pore size (47 mm diameter).

6.16 Centrifugal filter concentration devices, with 15 ml capacity and 100 kDa relative molecular
mass cut-off.
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6.17 Vacuum source or equivalent positive pressure apparatus for filtering and filtration tower with

aperture fo

6.18 Steri

6.19
6.20
6.21

6.22 Razdg

6.23 Heay
6.24 RNA

(5.2.17). S4
document)

6.25 Real
for the exa
fluorescen

6.26 Associated consumables for real-time RT-PCR, e.g..aptical plates and caps, suitable for use ¥

the selecte

7 Samp

If there is
recommen

[t is import

changed dyiring transport or storage;’e.g. samples that were frozen on collection shall not be alloj
k be

to defrost
frozen prid

8 Proce

8.1 Gen

SterjtePetridishes:

r 47 mm diameter membrane.

le shucking knife or equivalent tools for opening BMS.

Rubber block or equivalent apparatus for holding BMS during opening.

Scissors and forceps or equivalent tools for dissecting BMS.

r blades or equivalent tools for chopping BMS digestive glands.
'y duty safety glove.

extraction equipment, suitable for extraction methods using silica and\associated reag
e Annex F for illustrative details of RNA extraction apparatus (used in.the development of

Ltime PCR machine(s), i.e. thermal cycler(s), equipped~with an energy source suit
itation of fluorescent molecules, and an optical detectian system for real-time detectio
fe signals generated during real-time RT-PCR with hydrelysis probe chemistry.

l real-time RT-PCR machine.

ling

no specific International Standard.dealing with the sampling of the product concerned,
Hed that the parties concerned ceme to an agreement on the subject.

ant the laboratory receive-assample that is representative and that has not been damage

prior to receipt at the-laboratory, samples that were not frozen upon collection shall no
r to receipt at the laboratory.

dure

eral laboratory requirements

bnts
this

hble
h of

vith

it is

1 or
ved

The testing

F procedure shall be as shown in the schematic diagram in Annex A.

Sample extraction and real-time RT-PCR shall be carried out in separate working areas or rooms as
specified in ISO 22174.

8.2 Virus extraction

8.2.1 Ge

The selecti

neral

on of method is dependent upon the food matrix under test.
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8.2.2 Process control virus material

Immediately before a batch of test samples is processed, pool together sufficient aliquots of process
control virus material (5.3.9) for all individual test samples (allow 10 pl per test sample plus 25 pl
excess).

Retain a (20 * 1) ul portion of pooled process control virus material for RNA extraction and preparation
of the standard curve of process control virus RNA (see 8.4.2.2). Store at 5 °C (6.4) for a maximum of

24 h, at =15 °C or below for up to 6 months, or at =70 °C or below for longer periods.

8.2

3 Npgativp process control

An
par

8.2

pgative process control sample shall be run in parallel to test samples at a frequency. det
[ of the laboratory quality assurance programme.

4 Surfaces

Usi
10

ap

Pro
72

Add

Imn
(49
reld
of v

Pro

8.2

Soff
bee
etc.
sha

g a sterile cotton swab premoistened in PBS (5.3.4), intensively swab the’surface (maxi
cm?) under test, applying a little pressure to detach virus particlésy Where practical,
oximate area swabbed in square centimetres.

ess the swab immediately, or place in a suitable container and-store at 5 °C (6.4) for a m
,at =15 °C or below for up to 6 months, or at =70 °C or below;for longer periods.

(10 % 0,5) pl of process control virus material (see 8.2.2) to the swab.

hediately after the addition of process control virussmaterial, immerse the swab in a tube
D) + 10) pl lysis buffer as used for RNA extraction(5.2.17), then press against the side of
ase liquid. Repeat the immersion and pressing:cycle three or four times to ensure max
irus.

ceed immediately to RNA extraction (see’8.3).
5 Soft fruit and leaf, stem and bulb vegetables
fruit and leaf, stem and bulbwegetables for analysis shall be fresh or frozen. Samples sh3

as for pre-cut and packaged soft fruit, leaf, stem and bulb vegetables, etc. Mud adhering to
1 be removed priorto-analysis by gentle scrubbing, but without immersing the samples in|

brmined as

mum area,
record the

aximum of

containing
the tube to
mum yield

111 not have

h subject to any processing.other than chopping, trimming, washing, decontamination, conditioning,

the surface
water.

Codlrsely chop (25+-0,3) g of soft fruits or leaf, stem or bulb vegetables into pieces of approximately

2,5

thid
pro
san
buf

cm x 2,5 cm(x-2,5 cm (it is not necessary to chop if, for example, individual fruits are sr
size) and transfer to the sample compartment of a 400 ml mesh filter bag. Add (10 :

ples,fadd = 30 units pectinase from A. niger, or 2 1 140 units pectinase from A. acule
fer [5.2.11]).

haller than
E 0,5) pl of

cess control virus material (see 8.2.2) to the sample. Add (40 = 1) ml TGBE (5.3.5) (for soft fruit

ntus to the

Incubate at room temperature with constant rocking at approximately 60 oscillations min-1 for
(20 £ 1) min. For acidic soft fruits, the pH of the eluate shall be monitored at 10 min intervals during
incubation. If the pH falls below 9,0, it shall be adjusted to 9,5 + 0,5 with NaOH (= 10 mol/1). Extend the
period of incubation by 10 min for every time the pH is adjusted. Do not make more than three such pH
adjustments per sample. Decant the eluate from the filtered compartment into a centrifuge tube (use
two tubes if necessary to accommodate volume).

Clarify by centrifugation at 10 000g for (30 + 5) min at 5 °C (6.10).

Decant the supernatant into a single clean tube or bottle and adjust to pH 7,0 + 0,5 with HCI (= 5 mol/I).
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Add 0,25 volumes of 5 x PEG/NaCl solution (5.3.1) (to produce a final concentration of 100 g/1
PEG 0,3 mol/l NaCl), homogenize by shaking for (60 + 5) s then incubate with constant rocking at
approximately 60 oscillations min-1 at 5 °C for (60 + 5) min (6.7).

Centrifuge at 10 000g for (30 = 5) min at 5 °C (6.10). Split the volume across two centrifuge tubes if
necessary.

Decant and discard the supernatant, then centrifuge at 10 000g for (5 = 1) min at 5 °C (6.10) to compact
the pellet.

Discard the supernatant and resuspend the pellet in (500 + 10) pl PBS (5 3.4). For samples that produce
large pellefsafter centritugation, a larger volume up to der
to completgly resuspend the pellet. If a single sample has been split across two tubes, resuspend-hoth
pellets stepwise in the same aliquot of PBS using the same pipette tip.

fain
or a

For extraction from leaf, stem or bulb vegetables, transfer the suspension to a suitable tube’and re
for RNA exfraction (see 8.3). Sample extract shall be processed immediately, or stored’at™5 °C (6.4) f
maximum pf 24 h, at =15 °C or below for up to 6 months, or at =70 °C or below for lotiger periods.

For extraction from soft fruit, a further extraction step is required. Transfep the suspension

chloroformn]-resistant centrifuge tube (6.11). Add (500 * 10) pl chloroform/butanol mixture (5.3.2),
vortex to fnix, then incubate at room temperature for 5 min. If more than 500 ul PBS was usedl to
resuspend|the pellet, add an equal volume of chloroform/butanol mixture.

Centrifugel|at 10 000g for (15 * 1) min at 5 °C (6.10). Carefully transfer the aqueous (upper) phase fto a
fresh tube pnd retain for RNA extraction (see 8.3).

Sample exflract shall be processed immediately, or stored at-5°C (6.4) for a maximum of 24 h, at -1p °C
or below fqr up to 6 months, or at =70 °C or below for longerperiods.

8.2.6 Bofttled water

This docurhent is appropriate for volumes up to-2-1. For each sample, record the volume tested.

Add (10 = (

Using a va
47 mm me

fuum or positive pressuressource (6.17), filter entire sample through a positively char
mbrane (6.15). Transfer-the filter into a sterile tube, then add (4 + 0,1) ml of TGBE bu

,5) ul of process control virus material (see 8.2.2) to the sample under test. Shake to mix.

ged
ffer

(5.3.5).

Add (10 + (
50 oscillati

,2) ml TGBE buffer.to the empty sample bottle. Shake both tube and bottle at approximaltely
ons min~! for {20-£ 5) min.

Pool the elyiates from the tube and bottle together in a single clean tube.

Rinse the i and

inversion H

hteriprwalls of the bottle with an additional (2 + 0,1) ml TGBE buffer by gentle shaking
y land, and add to the tube.

Adjust the eluates to pH 7,0 £ 0,5 with HCI (2 5 mol/IJ and transfer to a centrifugal filter concentration

device (6.16).
Centrifuge at 4 000g for (15 * 1) min. Transfer the concentrate to a clean tube.
Adjust the volume to (500 * 10) ul with PBS (5.3.4). Retain for RNA extraction (see 8.3).

Sample extract shall be processed immediately, or stored at 5 °C (6.4) for a maximum of 24 h, at -15 °C
or below for up to 6 months, or at =70 °C or below for longer periods.

8.2.7 Bivalve molluscan shellfish (BMS)

BMS for analysis shall be live, or if frozen, undamaged, and shall not be cooked or otherwise thermally
treated. Mud adhering to the shell shall be removed. BMS shall not be reimmersed in water.

10 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=5e8abbd5b3a03022f90fe8a2269e85ae

ISO 15216-2:2019(E)

Open the shells of a minimum of 10 BMS with a sterile shucking knife or equivalent tool. When opening,
ensure that the hand holding the animal is protected with a heavy-duty safety glove and the animal is
supported with a rubber block or equivalent apparatus.

Dissect out the digestive glands from all animals using scissors and forceps or equivalent tools and
transfer to a clean Petri dish. A minimum combined gland mass of (2,0 + 0,2) g is required.

Finely chop the digestive glands with a razor blade or equivalent tools to a paste-like consistency, then
transfer a (2,0 = 0,2) g portion into a centrifuge tube.

Digestive glands shall be processed immediately, or stored at 5 °C (6.4) for a maximum of 24 h, at =15 °C

or H
aftd

€low for up to 6 montns, or at —70 “C or below for longer periods [any digestive glands
r taking the (2,0 + 0,2) g portion can be stored at -15 °C or below for up to 6 months ot

belgw for longer periods.]

Add
Add

(10 = 0,5) ul of process control virus material (see 8.2.2) directly onto the (2;0.#0,2) g p

(2,0 £ 0,2) ml of proteinase K solution (5.3.3) and mix. Incubate at|37 °C with

approximately 320 oscillations min-1 in a shaking incubator (6.6) or equivdlent for (60 + 5) 1

Car
(15

'y out a secondary incubation by placing the tube in a water bath-or equivalent at 60
+ 1) min.

Cenftrifuge at 3 000g for (5,0 = 0,5) min at room temperature, d¢cant the supernatant into a

med
be 1

Sup
bel

8.3

Ext

isure and record the volume of supernatant, in millilitre$)(typically volumes of 2,0 ml to
ecovered) and retain for RNA extraction (see 8.3).

ernatant shall be processed immediately, or storedat 5 °C (6.4) for a maximum of 24 h,

pw for up to 6 months, or at =70 °C or below for lenger periods.

RNA extraction

Fact RNA from (500 + 10) ul of each sample (BMS) or entire sample (other matrice

appropriate guanidine thiocyanate distdption and silica adsorption-based method. Elute py

intd

Ext
orh
neg
(sed

(100 * 2) pl of elution buffer and-retain for real-time RT-PCR analysis.

racted RNA shall be processed immediately, or stored at 5 °C (6.4) for a maximum of 24
elow for up to 6 months;or‘at =70 °C or below for longer periods. For each batch of sampl
ative RNA extractionreontrol shall be included unless the batch includes a negative proc

8.2.3). RNA extraction shall be carried out using the same method in parallel on (500

watler (5.2.1).

See

Annex F forillustrative details of an RNA extraction method (used in the developm

remaining
it =70 °C or
ortion.

shaking at
nin.

°C (6.9) for

clean tube,
3,0 ml will

t-15°Cor

) using an
rified RNA

h, at =15 °C
Es tested, a
ess control
+ 10) pl of

ent of this

document).

8.4] Real-time RT-PCR

8.4.1 General requirements

The minimum requirements for the amplification and detection of nucleic acid sequences by real-time
RT-PCR are specified in ISO 20838, ISO 22119 and ISO 22174.

This document specifies methods for the detection of HAV, norovirus GI and norovirus GII.

Under certain circumstances, testing for all three viruses in a single sample is not necessary. The
procedure described in the following clauses enables a test sample to be analysed for one virus (i.e. HAV,
norovirus Gl or norovirus GII) and includes a full set of recommended controls. Laboratories wishing
to test for more than one target shall adjust the reaction format to accommodate additional tests. A
typical plate layout is included as Annex H.
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Results generated using 10~1 sample RNA are used only in the event that RT-PCR inhibition is outside
the acceptable parameters for undiluted sample RNA (€ value of the undiluted sample RNA + EC
RNA well is = 2,00 greater than the C, value of the water + EC RNA well) (see 9.3). For matrices where
RT-PCR inhibition is normally within the acceptable parameters (surfaces, bottled water, BMS), it is
therefore permitted for laboratories to omit 10~ sample RNA from the initial analysis of target virus
and process control virus. In this case, where RT-PCR inhibition is outside the acceptable parameters
for undiluted sample RNA, real-time RT-PCR analysis for any affected target viruses and for the process
control virus shall be repeated using 10-1 sample RNA. 10-1 sample RNA shall not be omitted from the
initial analysis for soft fruits and leaf, stem and bulb vegetables (matrices where RT-PCR inhibition is
frequently outside the acceptable parameters).

Alternativ¢ approaches for the assessment of RT-PCR inhibition are permitted, provided that|the

alternativdg
described 1

8.4.2 Re

8.4.2.1 A
Prepare 10

For each sg

two w
two wi

one wgq

one wgq

For the EC

one wg

For negativ

two wi

two w

Add (20 +
also be add

The above
RNA is onl
omitted.

approach can be demonstrated to provide equivalent performance to the use of EE.RN.
n this document.

al-time RT-PCR analysis

inalysis of target virus

-1 dilutions of each sample RNA in water (5.2.1).

mple prepare:

lls of an optical plate with (5 £ 0,5) pl of undiluted sample RNA;
lls with (5 + 0,5) ul of 10~ sample RNA;

1l with (5 % 0,5) ul of 10-1 sample RNA and{#'+ 0,2) ul of undiluted EC RNA.

RNA control prepare:

1l with (5 £ 0,5) ul of water (5.2.4)and (1 £ 0,2) ul of undiluted EC RNA.

e controls prepare:

blls with (5 # 0,5) ul of water (5.2.1) to act as a negative real-time RT-PCR control;

blls with (5 # 0,5) yhofnegative RNA extraction control or negative process control RNA.

ed to all releyiarit wells before the addition of template material.

describés the case where undiluted and 10~ sample RNA are tested simultaneously. W}
y tested at one concentration (see 8.4.1), wells including the other concentration shal

1l with (5 £ 0,5) pl of undiluted sample RNA and\(1 + 0,2) pl of undiluted EC RNA (5.3.11);

\ as

1) pl of the relevant real-time RT-PCR mastermix (5.3.10) to each well. The mastermix fnay

lere
| be

8.4.2.2 Analysis of process control virus

For each batch used with the samples under test, add (10 + 0,5) pl of process control virus material (see
8.2.2) to a separate (500 + 10) pl portion of water. Extract and store RNA for each batch using the same
method and conditions applied to the test samples (see 8.3).

Prepare 10-1 dilutions of each sample RNA in water (5.2.1).

Prepare 1071, 10~2 and 10-3 dilutions of process control virus RNA in water (5.2.1) or a suitable buffer,
e.g. TE buffer (5.3.8) for each batch of process control virus material. As EDTA can act as an inhibitor
of RT-PCR, buffers used to dilute process control virus RNA shall not contain concentrations of EDTA
greater than 1 mmol/l.
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For each sample prepare:

— one well with (5 + 0,5) pl of undiluted sample RNA;

— one well with (5 £ 0,5) ul of 10-1 sample RNA.

For the process control virus RNA standard curve prepare:

— one well with (5 + 0,5) pl of undiluted process control virus RNA;

— one well with (5 £ 0,5) ul of 101 process control virus RNA;

— |one well with (5 £ 0,5) ul of 102 process control virus RNA;

— |one well with (5 + 0,5) ul of 103 process control virus RNA.

For|negative controls prepare:

— |one well with (5 + 0,5) pl of water (5.2.1) to act as a negative real-time RT-PCR control;
— |one well with (5 + 0,5) pl of negative RNA extraction control or negative process contro] RNA.

Add (20 £ 1) pl of process control virus real-time RT-PCR mastermix (5.3.10) to each well. The
magtermix may also be added to all relevant wells before the addition of template material.

The above describes the case where undiluted and 10! sample/RNA are tested simultaneoysly. Where
RNA is only tested at one concentration (see 8.4.1), wells.including the other concentratipn shall be
omitted.

8.4]2.3 Amplification

Subject the plate to a reaction cycle including-an initial stage for reverse transcription and at least
45 ¢ycles of PCR using a real-time PCR machine (6.25). The duration and temperatures of|each stage
(reyerse transcription, RT deactivation;denaturation, annealing, extension) depends on tl{e reagents
usefl. They shall be based on the manufacturer’s recommendations, but can be further optinjized.

For|real-time PCR machines where .the user can set the point of fluorescence data collection, this shall
be det at the end of the extension‘stage.

See| Annex C for illustrative details of an amplification method (used in the developmpnt of this
document).

8.4]2.4 Analysis of fluorescence data

Thg minimum( requirements for the analysis of amplification data are specified in |SO 22174.
Amplificationi”plots shall be analysed using the approach recommended by the manufactprer of the
real-time/PCR machine. The threshold shall be set so that it crosses the area where the anpplification
plo§s(flpgarithmic view) are parallel (the exponential phase).

All amplification plots shall be checked to identify false-positive results (reactions with C, values not
associated with exponential amplification) caused by a high or uneven background signal. ’lghis shall be
noted and results for any reactions affected in this way shall be regarded as negative. In addition, all
true positive fluorescent plots shall be checked to ensure that the C, value generated by the analysis
software corresponds to the exponential phase of amplification for t?lat reaction (and is not distorted
by a high or uneven background signal). Where C, values are distorted, corrected C, values shall be
recorded in addition to the value generated by the software. Corrected C, values s(ilall be used for
efficiency calculations.
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9 Interpretation of results

9.1 General

Each control (EC RNA, process control virus RNA) has an expected valid value or range of values. If the
observed result for any control is different from the expected value, samples may require retesting.

Negative controls [water (5.2.1) and negative RNA extraction or process control] shall always be
negative; if positive results occur in these controls, then any samples giving positive results shall be

retested.

Where a s4

mple provides one positive and one negative result in duplicate reactions, the overall@e

for that sample shall be considered as positive.

9.2 Con

Use the res
the Cq valy
coefficient]

Curves wit]

struction of process control virus RNA standard curve

ults for the process control virus RNA dilution series to create a standard eurve by plot
es obtained against log;, concentration to determine r? (where r is Pearson’s correla
, slope and intercept parameters.

h rZ values of < 0,980, or where the slope is not between -3,10.dnd -3,60 (correspondin

amplificatipn efficiencies of ~90 % to 110 %), shall not be used for calculations. In these cases, ch

Cq values o
one such o

Repeat the
an r2 value

f the standard curve for any outlying values and remove these from the series. No more
itlying €, value shall be removed per series.

calculations to determine rZ, slope and intercept parameters. Where the modified curve
of < 0,980, or where the slope is not between -3,10%and -3,60, the modified slope shall ng

used for callculations.

9.3 Conf

If the Cq \'¢
water + EQ
undiluted

repeat the

If the Cq va
RNA well,
EC RNA wd
not valid a

The above
only undil
undiluted

'rol for RT-PCR inhibition

Cq value off

C, value of]
EC RNA v

ilue of the undiluted sample RNA.+EC RNA well is < 2,00 greater than the
RNA well, results for the undiluted RNA shall be used for that sample. If the
bample RNA + EC RNA well is = 2,00 greater than the C value of the water +
comparison with the 10-1 saniple RNA + EC RNA well.

ue of the 10~1 sample RNA + EC RNA well is < 2,00 greater than the
esults for the 10-1 RNA shall be used for that sample. If the Cq value oc%the 10-1 sample RN
I1is = 2,00 greaterthan the (; value of the water + EC RNA well, it is possible that results
nd the sample mdy'require retesting.

describes thé case where undiluted and 10-1 sample RNA are tested simultaneously. W}
ited sample RNA is tested in the initial round (see 8.4.1), and where the C; value of

real-time

sample'RNA + EC RNA well is = 2,00 greater than the C; value of the water + EC RNA
T-PCR shall be repeated using 101 sample RNA and the calculation repeated using

results of therepeat analysis.

C  value of the water +

sult

[ing
[ion

I to
eck
han

has
t be

the
the
vell,

EC
A+
are

lere
the
vell,
the

A sample showing an unacceptable RT-PCR inhibition level, but producing an otherwise valid positive
result may, if appropriate, be reported as positive as described in Clause 10.

In the case that the C, value of the undiluted sample RNA + EC RNA well is < 2,00 greater than the C

value of the water + E

¢

RNA, results for the 10-1 RNA shall be used for that sample.

RNA well, but where the sample provides positive results only using 10-1 sample

If alternative methods for determining RT-PCR inhibition are used, this procedure requires adaptation
to provide the same level of stringency.

14
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9.4 Calculation of extraction efficiency

Use the C, value for the process control virus assay from the test sample RNA well (undiluted or 101
dependent on the RT-PCR inhibition results, see 9.3) to estimate process control virus recovery by
reference to the process control virus RNA standard curve as follows (if 10~1 sample RNA results are
used, multiply by 10 to correct for the dilution factor):

Process control virus recovery = 10(A¢a/m) x 100 %

where

AC, isthe C; value [sample RNA] - C, value [undiluted process control virus RNA];
m is the slope of the process control virus RNA standard curve.

For|BMS samples, calculate the extraction efficiency by reference to the process.coentrol virys recovery
as fpllows:

Extraction efficiency = (p/0,5) x v

whegre

p isthe process control virus recovery;
v is the total measured volume of supernatant in‘ml(see 8.2.7).
For|other sample matrices, the extraction efficiencyis‘equal to the process control virus recpvery.

Where the extraction efficiency is < 1 %, sample results are not valid and the sample may|need to be
retgsted.

a (ron-BMS) test sample with a AG;'0f0,00 has an extraction efficiency of 100 % and a test sample
with a AC, of 6,64 has an extraction'efficiency of 1 %. Where the ACq is < 6,64, the extraction efficiency
is 2|1 % and therefore acceptable. If the AC is > 6,64, the extraction efficiency is < 1 % an{l therefore
notfacceptable.

Under the condition that the process cohtrol virus RNA standard curve has an idealized sloi;e of -3,32,

For|specific types of soft fruit, leaf, stem or bulb vegetables or BMS where formal validation data does
notlexist, alternative extraction efficiency thresholds may be applied subject to appropriate pvaluation.

A sample showing an unacceptable extraction efficiency, but producing an otherwise valid positive
restyilt may, if appropriate, be reported as positive as described in Clause 10.

10|Expvression of results

. . oot .
POS Hize racultc for aach +avagnt ygivae fon cnnfanne chall bha Avnencend ~c Zdruc ganamn Letected in

X 1
OOt TOT Catir tar Tt v It o 1T Sul racoo— ottt o T~ CXpreosto™s v oo s CTTOTITc

x cm?2” where the approximate surface area can be recorded, or as “virus genome detected” where
the approximate surface area cannot be recorded. For other sample types, positive results shall be
expressed as “virus genome detected in x ml” or “virus genome detected in x g”, where x is the amount
of sample tested.

If target virus is not detected, results for surfaces shall be expressed as “virus genome not detected in
x cm?”, where the approximate surface area can be recorded, or as “virus genome not detected”, where
the approximate surface area cannot be recorded. For other sample types, results shall be expressed as
“virus genome not detected in x ml” or “virus genome not detected in x g”.

If a valid result is not obtained, results shall normally be expressed as “invalid”. If, however, an otherwise
valid positive result is obtained from a sample showing an unacceptable RT-PCR inhibition or extraction
efficiency, results may be expressed as detailed above. Details shall be included in the test report.
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11 Performance characteristics of the method

11.1 Validation study

The performance characteristics of the method were determined in a validation study including both
single laboratory and interlaboratory elements to determine the specificity, sensitivity and, where
available, the LOD of the method. The data are summarized in Annex I. The values derived from the
validation study may not be applicable to food types other than those given in Annex I.

11.2 Sensitivity

The sensitjvity is defined as the number of samples found positive divided by the number effrue
positive samples tested at a given level of contamination. The results are thus dependent on the’level of
contamination of the sample.

11.3 Spegificity

The speciffcity is defined as the number of samples found negative divided(by the number of {rue
negative (dr blank) samples tested.

11.4 LODY,

The LODg| is the concentration (in copies/cm?, copies/g or copies/ml) for which the probability of
detection i 50 % (limit of detection at 50 %).

12 Test report

The test report shall contain at least the following information:

— the tegt method used, with reference to thisidocument, i.e. ISO 15216-2;
— the sampling method used, if known;

— the sizg of the test portion;

— all opgrating conditions not $pecified in this document, or regarded as optional, together With
detailq of any incidents that may have influenced the test result(s);

— any deyiations from thisxdocument;
— all infqrmation necéssary for the complete identification of the sample;
— the tegt result(s)obtained, expressed according to Clause 10;

— the ex{raction efficiency of the sample (see 9.4);

— the date of completion of the test.
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Diagram of procedure

Virus extraction

Annex A
(normative)

RNA extraction

ISO 15216-2:2019(E)

Real-time RT-PCR

TOCess CONtrol virus added at the NTst possible poin
according to the extraction.

Swab surface (up to 100 cm?) into 500 pl volume.

v

Add 25 g sample to 40 ml TGBE buffer (with pectinase for soft
fruit), elute viruses by shaking and filter eluate. Precipitate
using PEG/NaCl, resuspend pellet in 500 pl volume. For soft
fruit further clarify suspension using chloroform:butanol.

Extract nucleic acid from 500 pl sample
using lysis with guanidine isothiocyanate
and silica binding matrix. Elute RNA

in 100 pl volume.

One step real-time RT-PCR.RNA
(undiluted and/or diluted a8’ required)
assayed for each targét (HAV, norovirus
Gl and GII). Controlsfor extraction
efficiency (process,control virus assay),
and RT-PCR/nhibition included.

Filter concentrate up to 2 1 onto a positively charged
membrane and elute in TGBE buffer. Wash bottle interior
with TGBE buffer and add to eluate from membrane.
Adjust to pH7, concentrate to 500 pl using centrifugal
filter device.

Chop 2,0 g of excised digestive gland, add 2,0 ml of
proteinase K solution, incubate 37 °C and 60 °C then clarify
by centrifugation.

>

Figure A.1 —\Diagram of procedure

Result
interpretation

© IS0 2019 - All rights reserved
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Annex B
(normative)

Composition and preparation of reagents and buffers

B.1 5x
B.1.1 Co

Polyethyle
Sodium ch

Water

B.1.2 Pr

Dissolve thie solids in (450 * 5) ml water, heating gently if necessary. Adjust the volume to (1 000 * 10

with water

Store atro

B.2 Chl¢roform/butanol mixture (1:1 volunie fraction)

B.2.1 Composition
Chloroform (CAS No,67-66-3; M. 119,38) (10 £ 0,1) ml
n-Butanol (EAS No. 71-36-3; M, 74,12) (10 £ 0,1) ml
B.2.2 Preparation

Mix the components together.

Store atro

B.3 Pro

PEG/NaClsolution (500-g/1 PEG 8000, 1,5 molANaC)}—

mposition
he glycol (PEG) 8 000 (CAS No. 25322-68-3; M. 8 000) (500+£2) g
oride (NaCl) (CAS No. 7647-14-5; M_ 58,44) (87 + 1)g

as-required in B.1.2

pparation

and mix well. Sterilize by autoclaving.

bm temperature for a maximum of 6 months.

bm temperature’in a dark glass bottle for a maximum of 12 months.

feinase'K solution (3000 U/1)

B.3.1 Co

mposition

Proteinase

Sterile wat

K as necessary (see below)

er (200 £ 2) ml

B.3.2 Preparation

ml

Calculate from the specific activity of the proteinase K as provided by the manufacturer the quantity
required to provide 600 units of the enzyme (e.g. for a specific activity of 30 U/mg, the quantity required

is 20 mg).

Dissolve this quantity of proteinase K in the water. Mix thoroughly.

18
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Store in working volumes at —15 °C or below for a maximum of 6 months. Once defrosted, store at 5 °C
(6.4) and use within 1 week.

B.4 Phosphate-buffered saline (PBS)

B.4.1 Composition

Sodium chloride (CAS No. 7647-14-5; M, 58,44) 80+x01)g
POt i i v 7 T 7 T — 97
Dispdium hydrogenphosphate (CAS No. 7558-79-4; M, 141,96) (1,15+£0,01) g

Potpssium dihydrogenphosphate  (CAS No. 7778-77-0; M. 136,09) (0,2+0,01) 8

Water (1000 *10) ml

B.4.2 Preparation
Dissolve the solids in the water. Adjust, if necessary, to pH 7,3 £ 0,2 at 25 °C. Sterilize by autoclaving.

Store at 5 °C (6.4) for a maximum of 6 months.

B.J Tris/glycine/beef extract (TGBE) buffer

B.5l1 Composition

Trig base [tris(hydroxymethyl) (CAS No. 77-86-1; M. 121,14) (12,1+0,2) g
aminomethane]

Gly¢ine (CASNo. 56-40-6; M. 75,07) (38%x01)g
Beeff extract powder (CAS No. 68990-09-0) (10+x1,0) g
Water (1000 +10)ml

B.5|2 Preparation
Dissolve the solidsinthe water. Adjust, if necessary, to pH 9,5 + 0,2 at 25 °C. Sterilize by autdclaving.

Store at 5 °C (647 for a maximum of 6 months.

B.§ Tris solution (1 mol/1)

B.6.1 Composition

Tris base [tris(hydroxymethyl) (CAS No. 77-86-1; M. 121,14) (12,1+0,2) g
aminomethane]
Water (5.2.1) asrequired in B.6.2

B.6.2 Preparation

Dissolve the tris base in (90 + 1) ml water. Adjust, if necessary, to pH 8,0 £+ 0,2 at 25 °C. Adjust the
volume to (100 * 1) ml with water. Sterilize by autoclaving.

Store at 5 °C (6.4) for a maximum of 6 months.
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B.7 EDTA solution (0,5 mol/l)

B.7.1 Composition

Ethylenediaminetetraacetic acid (CAS No. 6381-92-6; M, 372,24)

(EDTA) dis

odium dihydrate

Water (5.2.1)

B.7.2 Preparation

(18,6+0,2) g

as required in B.7.2

Dissolve tlJe EDTA disodium dihydrate in (90 + 1) ml water. Adjust, if necessary, to pH 8,0 = 0,2 at 2§ °C.

Adjust the

Store at 5 9

B.8 Tris
B.8.1 Co

Tris solutig
EDTA soluf

Water (5.2

B.8.2 Pr

volume to (100 * 1) ml with water. Sterilize by autoclaving.

C (6.4) for a maximum of 6 months.

EDTA (TE) buffer (10 mmol/l Tris, 1 mmol/l1 EDTA)
mposition

n (1 mol/1) (B.6)

ion (0,5 mol/1) (B.7)

1)

pparation

Mix the components together.

Store at 5 9

C (6.4) for a maximum of 6 months.

(1000 + 10) pl
(200 + 10) pl
(100 + 1) ml
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(informative)
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Real-time RT-PCR mastermixes and cycling parameters

For the composition of one step real-time RT-PCR mastermixes using the Invitrogen RNA Ultrasense™

onestep-gRI-PCR systemll see Table L1 Hor eycling parameters;seeTable 02

Table C.1 — Mastermix

Final concentration Volume pér reaction
Reagent . .
(in 25 ul reaction volume) ul
5 x|Ultrasense reaction mix 1x 5+0,25
FW| Primer 0,5 pmol/ul as required
REY Primer 0,9 pmol/ul as required
Prgbe 0,25 pmol/ul as required
ROX reference dye (50 x ) as required? as required

RNA Ultrasense enzyme mix — 1,25+0,1
Water (5.2.1) — as required
Tothl volume — 20+0,5

a

MX
mat

Apq
isg

hufacturer’s instructions.

With Applied Biosystems real-time PCR machines, ROX"shall be used at 1 x concentration; for thg
000, ROX can be either used at 0,1 x concentration, eftomitted from the mastermix. For other machines

lied Biosystems real-time PCR machines and Stratagene MX3000 are products available commercially. This|
ven for the convenience of users of this documehtand does not constitute an endorsement by ISO of the prod

Stratagene
consult the

information
ucts named.

Table C.2 — Cycling parameters

Step description Temperature and time Number of{cycles
RT: 55°Cfor1h 1
Preheating 95 °C for 5 min 1
Denaturation 95°Cfor15s
Amplification Annealing-extension 60 °C for 1 min 45
65 °C for 1 min?

of t

he incubation at 65 °C.

For real-time PCR machines where the user can set the point of fluorescence data collection, this shall be §

et at the end

1) Invitrogen RNA Ultrasense™ is the trademark of a product supplied by Invitrogen. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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Annex D
(informative)

Real-time RT-PCR primers and hydrolysis probes for the detection
of HAV, norovirus GI and GII and mengo virus (process control)

D.1 HA\}

HAV68 (FW): TCA CCG CCG TTT GCC TAG Reference [5]
HAV240 (REV): GGA GAG CCC TGG AAG ARA G Reference'[5]
HAV150(-) |(PROBE): CCT GAA CCT GCA GGA ATT AA Reference [5]
Probe labe|led: at the 5’-end with 6-carboxyfluorescein (FAM); at the 3"-end with MGBNFQ (minor

groove bin
This prime
virus strai
HM175 (Gs

Sequence 3

that this primer and probe set is adequate for the detection of all HAV genotypes. In addif]

quasispeci
this assay s
10 differen]
1); human
(Coxsackie
70); boving
Other ente
mamastroy
were also §
to 108 TCI

I; for example, a product of 174 bp corresponding to.nticleotides 68 to 241 of HAV st

Her/non-fluorescent quencher)

r set amplifies a product of variable length (157 to 188-base pairs [bp]) depending on

nBank accession number M14707).

lignment using all sequences available in GenBafik of the assay target region demonstr

bs analysis of the mutant spectrum indicate§ithat this region is not prone to variability,
hall therefore provide long-term robustnéss. The specificity of the primers was verified v
t picornaviruses: poliovirus (serotypé.l vaccine strain); human enterovirus B (echov
enterovirus B (echovirus 11); human enterovirus B (echovirus 30); human enterovirt
virus-B5); human enterovirus € (€oxsackie virus-A24); human enterovirus D (enterov
enterovirus; porcine teschovirus (porcine enterovirus 1); and encephalomyocarditis vi
ric viruses such as hepatitis'E virus, human and porcine rotavirus (group A), norovi
irus (human astrovirus\type 1), and human adenovirus F (enteric adenovirus type
bmployed. None of the viruses tested gave positive results either at high concentration
D50/ml or undiluted\0)1 g/ml faecal suspensions) or low concentration (104 TCID50/m

the
Fain

htes
ion,
and
vith
rus
s B
rus
rus.
rus,
40)
106
|l or

10-1 dilutigns of 0,1 g/ml faecal suspensions). The LOD of the assay is 10 ssSRNA molecules, 1 viral RNA

molecule a

hd 0,05 infectiousviruses per reaction(=l,

D.2 Norpvirus-Gl
QNIF4 (FW): CGC TGG ATG CGN TTC CAT Reference [6]
NV1LCR (REV): CCT TAG ACG CCA TCA TCA TTT AC Reference [7]

During the development and validation of this document, two different probes for norovirus GI were
used. Either can be used with the FW and REV primers detailed here.

NVGG1p (PROBE):

22

TGG ACA GGA GAY CGC RAT CT Reference [7]
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Probe labelled: at the 5"-end with 6-carboxyfluorescein (FAM); at the 3"-end with 6-carboxytet-
ramethylrhodamine (TAMRA)

TM9 (PROBE):

TGG ACA GGA GAT CGC

Reference [8]

Probe labelled: at the 5’-end with 6-carboxyfluorescein (FAM); at the 3"-end with MGBNFQ (minor

gro

ove binder/non-fluorescent quencher)

This primer set amplifies a product of 86 bp corresponding to nucleotides 5291 to 5376 of Norwalk
virus (GenBank accession number M87661).

D.3 Norovirus GII

QNIF2 (FW): ATG TTC AGR TGG ATG AGR TTC TCW GA Reférence [5

COG2R (REV): TCG ACG CCA TCT TCA TTC ACA Reference [10]

QNIJFs (PROBE): AGC ACG TGG GAG GGC GAT CG Reference [9]

Prope labelled: at the 5’-end with 6-carboxyfluorescein (FAM); at the 3“end with 6-carboxytet-
ranmjethylrhodamine (TAMRA)

Thip primer set amplifies a product of 89 bp corresponding-te/nucleotides 5012 to 5100 of Lordsdale

virys (GenBank accession number X86557).

The
Seq
tha
resj
nor
GI.§
(To
and

The

1v

alsd

Chr
cho

Virdg

D.4
Melrgo 10 (FW):
Mengo 209 (REV):
Mengo 147 (PROBE):

ience alignments using all sequences available:ifi‘GenBank of the assay target region dg
these primer and probe sets are adequate_for the detection of all GI and GII norovi
pectively. In addition, the efficacy and sensitivity of the primers and probes was verifig
bvirus reference strains: GI.1 (Norwalk virus); GI.2 (Whiterose); GI.3 (Southampton); G
(Musgrove); G1.6 (Mikkeli); GI.7 (Winchester); GI.10 (Boxer); GII.1 (Hawaii); GII.2 (Melks
Fonto); GII.4 (Grismby); GII.6 (Seacroft); GIL.7 (Leeds); GII.10 (Erfurt); GIIb variants; GII
GIV (Alphatron).

specificity of the primers waswerified with six different human enteric viruses: polioviru
hccine strain); HAV; hepdtitis E virus; Aichi virus; astrovirus; and rotavirus. The spec
tested on seven bacterid that could be detected in BMS: Escherichia coli, Shewenella p
bmobacterium violgceum, Aeromonas sobria, Vibrio alginolyticus, Vibrio parahaemolyticus
erae. None of the-tested viruses or bacteria gave positive results. The LODs of the assays
1 RNA molecules {dependent on the strain of norovirus)[2l[11],

Mengo'virus

GCG GGT CCT GCC GAA AGT

Reference [12

area selected for norovirus detection is the well-conserved region at the 5’ end df ORF2[10],

monstrate
Fus strains
d using 18
4 (Malta);
ham); GII.3
c variants;

5 (serotype
ificity was
itrefaciens,
and Vibrio
are 1to 10

]

GAA GTA ACA TAT AGA CAG ACG CAC AC

ATC ACA TTA CTG GCC GAA GC

Reference [12]

Reference [12]

Probe labelled: at the 5’-end with 6-carboxyfluorescein (FAM); at the 3"-end with MGBNFQ (minor

gro

ove binder/non-fluorescent quencher)

This primer set amplifies a product of 100 bp corresponding to nucleotides 110 to 209 of the deletant
mengo virus strain MC, used in the development of this document. This corresponds to nucleotides 110
to 270 of the non-deletant mengo virus isolate M (GenBank accession number L.22089).

The target region selected for the detection of mengo virus is as similar as possible to that of HAV in
terms of structure, length and base composition[2l. The primer sequences do not align with any other
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sequences available in GenBank. The specificity of the primers was verified with 10 different human
enteric viruses: hepatitis A virus; hepatitis E virus; norovirus GI; norovirus GII; human enterovirus
B (echovirus 1); human enterovirus B (echovirus 11); human enterovirus B (echovirus 30); human
enterovirus C (Coxsackie virus-A24); human enterovirus D (enterovirus 70); and human astrovirus
type 2. None of the viruses tested gave positive results either at 106 TCID50/ml or 105 TCID50/ml (or at
106 genome copies/ml or 10° genome copies/ml in the case of norovirus GI and GII).
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Annex E
(informative)

Growth of mengo virus strain MC,, for use as a process control

General
=enera:

Mernpgo virus is a murine virus of the Picornaviridae family. Mengo virus strain MC, (CEET-10000)) is a

rec
wit
Thi
[11]

Mengo virus strain MC; is a genetically modified organism (GMO). For laboratories where us

isp
E.2

E.2
wit
non

(grd

E.2
witl

E.3

mbinant (deletant) virus which lacks the poly(C) tract in comparison to the wild-type m
h identical growth properties to those of the wild-type virus but with an avirulent phe
5 strain has been used as a process control virus in detection methods for HAV and non
hnd was used as the process control in the development of this document:,

Fohibited or problematic, a different process control shall be used,

Reagents and apparatus

1 The recommended cell culture medium for HeLa)cells is Eagle’s minimum essenti
1 2 mmol/l L-glutamine and Earle’s BSS, adjusted to 1,5 g/l sodium hydrogencarbonate,
-essential amino acids, 1,0 mmol/I sodium pyruvate, 1 x streptomycin/penicillin solutio
wth) or 20 ml/1 (maintenance) foetal bovine sgrum.

2 For preparation of cell cultures and growth of virus, cell culture facilities including iy
1 controllable CO, levels, and cell culture-consumables (flasks, etc.) are required.

Procedure

Pngo virus,
notypell3l,
oviruses(2]

e ofa GMO

al medium
D,1 mmol/]
h, 100 ml/1

cubator(s)

Mengo virus shall be grown.in a’ (50 + 10) ml/1 CO, atmosphere (with open vessels) or an ufcontrolled

atm
unt

Subject the cell culture vessel to a single freeze-thaw cycle, then centrifuge the contents at

(10
Ret

osphere (closed vessels).on 80 % to 90 % confluent monolayers of HeLa cells (ATCC®
| at least 75 % cytopathic effect has been reached.

+ 1) min.

hin the (€ell'culture) supernatant for preparation of the process control virus material (5

CCL-2TM)2

3 000g for

13.9).

2) CECT 10000 and ATCC® CCL-2™ are trademarks of products supplied by the Spanish Type Culture Collection
and American Type Culture Collection, respectively. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO of the products named. Equivalent products may be used
if they can be demonstrated to meet the requirements of the procedure.
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Annex F
(informative)

RNA extraction using the BioMerieux NucliSens®» system

F.1 Reagents

F1.1 Nu[liSens®3) lysis buffer.

F1.2 NukliSens®3) magnetic extraction reagents (comprising magnetic silica solutiém wash bufffers
1, 2 and 3, aind elution buffer).

F2 Apparatus
F2.1 Magneticrack for 1,5 ml tubes.

F.2.2 Thermoshaker or equivalent apparatus for shaking 1,5 mltubes at (60 * 2) °C and approximately
1 400 oscillations min-1.

F.3 Procedure

Add (2 = (,1) ml of NucliSens®3) lysis buffer to a tube. Add (500 + 10) ul of sample (BMS) or entire
sample (other matrices) and mix by vortexing briefly.

Incubate fdr (10 * 1) min at room temperature.
Add (50 # 2,5) pl of well-mixed magnetic silica solution to the tube and mix by vortexing briefly.
Incubate fqr (10 £ 1) min at room temperature.

Centrifuge|for (120 * 10) s at-1\500g or allow silica to sediment using a magnetic rack then carefully
discard supernatant by, for,example, aspiration.

Add (400 H10) pl washduiffer 1 and resuspend the pellet by pipetting or vortexing, taking care to ayoid
foaming.

Transfer syispensioni to a clean 1,5 ml tube. Cap tube and wash silica for (30 * 2) s by vortexing. Affter
washing, 4lloW silica to sediment using the magnetic rack. Discard supernatant by, for exanjple,
aspiration,

Add (400 % 10) ul wash buffer 1. Cap tube and wash silica for (30 * 2) s by vortexing, allow silica to
sediment using magnetic rack then discard supernatant.

Add (500 * 10) pl wash buffer 2. Cap tube and wash silica for (30 = 2) s by vortexing, allow silica to
sediment using magnetic rack then discard supernatant. Repeat.

Add (500 + 10) pl wash buffer 3 (samples shall not be left in wash buffer 3 for more time than
necessary). Cap tube and wash silica for (15 * 1) s, allow silica to sediment using magnetic rack then
discard supernatant.

3) BioMerieux NucliSens® is the trade name of a product supplied by BioMerieux. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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Add (100 % 5) pl elution buffer. Cap tube and transfer to thermoshaker or equivalent and incubate for
(5,0 £ 0,5) min at 60 °C with shaking at approximately 1 400 oscillations min1,

Place tube in magnetic rack and allow silica to sediment, then transfer eluate to a clean tube.

Automated platforms for RNA extraction using the NucliSens®3) magnetic extraction reagents may also
be used.
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Annex G
(informative)

Generation of external control RNA (EC RNA) stocks

G.1 General

Special carle shall be taken to separate work areas used for generation of EC RNA control stoeks ffom
those used|for sample extraction.

In the devdlopment of this document, linearized plasmids carrying copies of the target,genes were ysed
for the prdduction of EC RNA. For HAV, a control plasmid was constructed by ligating the target PNA
sequence into the pGEM-3Zf(+) vector at a Hincll restriction site such that the tdrget sequence

of a promoter sequence for the SP6 RNA polymerase. For norovirus GI and GII, conftrol
ere separately constructed by ligating the target DNA sequence intejthe pGEM-3Zf(+) veftor
at a Smal festriction site such that in each case the target sequence was“downstream of a promgpter

downstre
plasmids

sequence
introduced
to actas a
the presen

Wwas

r the T7 RNA polymerase. For all three plasmids, unique, BamHI restriction sites were
into the target sequence inserts by insertion into, or replacement of, wild-type sequerces
contamination check measure. Where contamination of'\samples with EC RNA is suspec:E‘ed,
ce of the BamHI site can be checked either by digestion of the PCR products with Ba

HI

restriction|enzyme, or by sequencing of the PCR products. Complete insert target sequences for these
plasmids afe as follows:

HAV

1 TCHccGeeaT TTGCCTAGGC TATAGGCTAX ATTTTCCCTT TCGGATCCCC CTTTCCTATT
61 CCATTTGTTT TGCTTGTAAA TATTEATITG TAAATATTGA TTCCTGCAGG TTCAGGGTTC
121 TTHAATCTGT TTCTCTATAA GAACACTCAT TTCACGCTTT CTGTCTTCTT TCTTCCAGGG
181 crdrcc

norovirus|GI

1 CGCTGGATGC GCTETGCATGA CCTCGGATTG TGGACAGGAG ATCGCGATCT TCTGCGGATC
61  CGAATTCGTA KATGATGATG GCGTCTAAGG

norovirus|GII

1 ATGTTleagaT CCATCACATT CTCACATOTC coaccTocs ACCCCCATCS CAATCTCCOT
61 CGGATCCCCA GCTTTGTGAA TGAAGATGGC GTCGA

G.2 Reagents and apparatus
G.2.1 Restriction enzymes for linearization and associated buffers.

G.2.2 PCR purification reagents.

G.2.3 Invitro RNA transcription reagents (RNA polymerase, NTPs, buffer, etc.).

28
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G.2.4 RNase-free DNase.

G.2.5 RNA purification reagents.

G.2.6 DNA gel electrophoresis reagents and equipment.

G.2.7 Reagents and equipment for one-step real-time RT-PCR with hydrolysis probes.

G.2.8 Incubator, capable of operating at (37 + 2) °C.

G.2|]9 Heating block or equivalent for incubating 1,5 ml tubes at (95 * 2) °C.

G.3 Linearization of plasmid DNA

Add 1 ug of purified plasmid DNA to a reaction mix containing a suitable restric¢tion enzyme (to enable
lindarization of the plasmid at a point shortly downstream of the target sequence)® and|buffers as
recpmmended by the manufacturer of the enzyme.

Incyibate at 37 °C for (120 £ 5) min.
Purjify DNA from the mastermix using PCR purification reageiits, eluting in (50 + 2,5) pl elutfion buffer.
Check for linearization using gel electrophoresis (compare an aliquot of purified lineafrized with
nonflinearized plasmid).

G.4 Invitro RNA transcription

Add 1 pg of purified linearized plasmid DNAto an in vitro RNA transcription reaction mix grepared as
recommended by the manufacturer of the RNA polymerase enzyme®).

Incyibate at 37 °C for (120 % 5) min.
Add RNase-free DNase to the reaction and incubate at 37 °C for (15 £ 1) min.

Purlify the RNA using RNA purification reagents, eluting in (100 * 5) pl water (5.2.1).

G.3 DNA contamination check

Prepare target-specific real-time RT-PCR mastermix (5.3.10), split into two and deactivphte the RT
enzyme in one portion by heating at 95 °C for (5,0 + 0,5) min.

Subject EG-RNA stock or an appropriate dilution thereof to real-time RT-PCR using both untreated and
heaf-treated mastermixes in parallel.

If detectable levels in the portion of EC RNA stock tested with the heat-treated mastermix are > 0,1 %
of those in the portion tested with untreated mastermix (if the C, difference between EC RNA stock
tested with heat-treated and untreated mastermix is < 10), the stock is contaminated with DNA and
shall be retreated with DNase (see G.4). If levels are < 0,1 %, store at =15 °C or below until required for
preparation of the EC RNA control material (5.3.11).

4) For the plasmids used in the development of this document, suitable restriction enzymes are EcoRI for HAV and
Xbal for norovirus GI and GII plasmids.

5) For the plasmids used in the development of this document, suitable RNA polymerase enzymes for in vitro RNA
transcription are SP6 for HAV and T7 for norovirus GI and GII plasmids.
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G.6 Quantification of EC RNA

Determine the absorbance at 260 nm of the DNase-treated EC RNA stock (see G.4) using
spectrophotometry.

Multiply the absorbance reading by 4 x 10-8 (and by the dilution factor used if diluted EC RNA stock is
measured) to give the concentration of RNA in grams per microlitre.

Divide this number by the mass in grams of a single EC RNA molecule to calculate the concentration of
RNA in copies per microlitre.

The mass [of anm ndividual RNA Tolecute canm be calcutated by muitiptying the RNA tength) in
ribonucleotides by 320,5 (the relative molecular mass of an average ribonucleotide) and dividing
by the Avdgadro constant (6,02 x 1023), e.g. an RNA molecule of 200 ribonucleotides has-a.masys of
1,06 x 1071 g.6)

6) For the EC RNA controls used in the development of this document, the respective lengths and masses are as
follows: HAV - 250 ribonucleotides, 1,33 x 10-19 g; Norovirus GI - 126 ribonucleotides, 6,73 x 1020 g; Norovirus
GII - 131 ribonucleotides, 7,00 x 10-20 g,
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Typical optical plate layout

Table H.1 — Typical optical plate layout
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5 pnl RNA (1 pl EC RNA) and 20 pl mastermix per well
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Annex I
(informative)

Method validation studies and performance characteristics

A validation study, including a series of single laboratory studies (for determination of LOD;;) and
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