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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.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pay

The main| task of technical committees is to prepare International Standards. Draft Intétnatio
Standardg adopted by the technical committees are circulated to the member bodiesfor voti
Publicatign as an International Standard requires approval by at least 75 % of the iiember bodfies
casting a yote.

In other c
technical

— an IS

rcumstances, particularly when there is an urgent market requirementfor’such document
fommittee may decide to publish other types of document:

D Publicly Available Specification (ISO/PAS) represents an agreement between techni

experlts in an ISO working group and is accepted for publication if it is-approved by more than 5(
of thefmembers of the parent committee casting a vote;

— an IS
techn

D Technical Specification (ISO/TS) represents an agreement between the members o
ical committee and is accepted for publication if it istapproved by 2/3 of the members of

comnjittee casting a vote.

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed

a further
ISO/TS is

three years, revised to become an Internatienal Standard, or withdrawn. If the ISO/PAS
confirmed, it is reviewed again after afurther three years, at which time it must either

transforn]ed into an International Standard or berwithdrawn.

ISO/TS 17,
CEN/TC 2

Food prod

cooperati

D19 was prepared by the European,€Committee for Standardization (CEN) Technical Commit
75 Food analysis — Horizontal methods, in collaboration with Technical Committee ISO/TC

bn between ISO and CEN-(Vienna Agreement).

[ 2.

hal
ng.

5, a

cal
%

f a
he

for
or
be

fee
34,

jucts, Subcommittee SC 9,sMicrobiology, in accordance with the Agreement on technifcal
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Introduction

Botulinum neurotoxin-producing clostridia are ubiquitous in the environment. Botulism is a severe
neuroparalytic disease resulting from the action of botulinum neurotoxins (BoNTs). Seven different
serotypes of BoNTs (type A to G) and a number of subtypes have been identified to date.

BoNT type A (BoNT/A), type B (BoNT/B), type E (BoNT/E) and type F (BoNT/F) are mainly responsible
for botulismin humans and the genes encoding these toxins are the targets of this Technical Specification.
BoNT type A, B, E, and F-producing clostridia exist in four physiologically distinct groups (Group I

Clastridium I’mhlh'nnm, Crmlp 1LC hnf'uh'mlm, C hnrnh'i, C hnfvr'imlm)

The International Organization for Standardization (ISO) draws attention to the fact that.t

th

IS() take no position concerning the evidence, validity and scope of this patent right:

Th
an

Atfention is drawn to the possibility.that some of the elements of this document may be the

pa
all

IS (www.iso.org/patents).fnaintains an on-line database of patents relevant to its docume
ar¢ encouraged to consult'the databases for the most up-to-date information concerning patd

3t compliance with this document may involve the use of patents.

Applied Biosystems, LLC

Scott Miller, Legal Department
5781 Van Allen Way
CARLSBAD

CA 92008

USA

Tel: +1 760 476 4387
Fax: +1 760 476 6048
e-mail: Scott.miller@lifetechnologies.com

rent rights other than those identified above. ISO shall not be held responsible for identify|
such patent rights.

s claimed

e holder of this patentright has assured ISO that they are willing to negotiate licences under reasonable
1 non-discriminatory terms and conditions with applicants throughoutthe/world. In this rgspect, the
stdtement of the holder of this patent right is registered with ISO. Information may be obtain

bd from:

subject of
ing any or

nts. Users
nts.
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TECHNICAL SPECIFICATION

ISO/TS 17919

:2013(E)

Microbiology of the food chain — Polymerase chain
reaction (PCR) for the detection of food-borne pathogens
— Detection of botulinum type A, B, E and F neurotoxin-

producing clostridia
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Scope

is Technical Specification specifies a horizontal method for the molecular detection of
rying botulinum neurotoxin A, B, E, and F genes by a PCR method. This method-detects
1 not the toxins, therefore a positive result does not necessarily mean the presence of thes
sample investigated. This Technical Specification is applicable to products fer human con
mal feed, and environmental samples.

e PCR assays for detection of genetic sequences encoding specific toxin types are

Annexes B and C.

Normative references

following referenced documents are indispensable for the application of this document.
rences, only the edition cited applies. For undated references, the latest edition of the 1
fument (including any amendments) applies.

6887-1, Microbiology of food and animal feeding stuffs — Preparation of test samples, initial s
1 decimal dilutions for microbiological examination — Part 1: General rules for the prepara
tial suspension and decimal dilutions

7218, Microbiology of food and-animal feeding stuffs — General requirements and gu
Crobiological examinations

11133, Microbiology of food, animal feed and water — Preparation, production, storage and pe
ting of culture media

20837, Microbiolagy-of food and animal feeding stuffs — Polymerase chain reaction (Pd
ection of food-barne pathogens — Requirements for sample preparation for qualitative detec

20838:2006,-Microbiology of food and animal feeding stuffs — Polymerase chain reaction (P
ection of foed-borne pathogens — Requirements for amplification and detection for qualitatiy

22174; Microbiology of food and animal feeding stuffs — Polymerase chain reaction (Pd
ection of food-borne pathogens — General requirements and definitions

clostridia
the genes
P toxins in
sumption,

described

For dated
eferenced

uspension
tion of the

idance for

rformance

R) for the
Fion

CR) for the
e methods

R) for the

Terms and definitions

For the purpose of this document, the terms and definitions given in ISO 22174 apply.

4

Symbols and abbreviated terms

4.1 Symbols

Cc

©lI

substance concentration
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p mass concentration
@ volume fraction

w mass fraction

4.2 Abbreviated terms

BoNT  botulinum neurotoxin

5 Pringiple

5.1 General
The methpd comprises the following consecutive steps:

a) micrgbial enrichment (see 5.2);

b) nuclelc acid extraction (see 5.3);

¢) amplification (see 5.4);

d) detection of PCR products (see 5.5);
e) confifmation (see 5.6).

NOTE Real-time-PCR combines steps c) to e).

5.2 Midrobial enrichment

The number of BoNT-producing clostridia (spores’ or vegetative cells) to be detected is increased|by
encouraging their germination and growth in-hon-selective liquid nutrient medium tryptone-peptosge-
glucose-ygast extract broth under anaeropiciconditions.

5.3 Nugleic acid extraction

Bacterial ¢ells are separated from'the nutrient medium, lysed and the nucleic acids are extracted for yise
in the PCH reaction.

5.4 Amplification by PCR

The extrqcted nueleic acid is transferred to the PCR mix and the amplification is carried out in a
thermal cycler.

5.5 Detlection of PCR products

PCR products are detected by gel electrophoresis or an appropriate alternative.

5.6 Confirmation

The identity of the PCR products shall be confirmed by any appropriate method, e.g. sequencing,
hybridization or restriction analysis.

2 © IS0 2013 - All rights reserved
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Reagents

6.1 General

For all stages 5.1 b) to e), use only reagents of recognized analytical grade and consumables suitable for
molecular biology applications as specified in ISO 20837 and ISO 20838.

Reagent requirements specified in ISO 20838:2006, Clause 5, apply.

6.2 Culture media

6.2
Fo

6.2
Fo

6.2
br

ot
pe

Tr)
Pe

Ye

D
So
We
pH

6.2

.2.3.1 General

.2.3.2 Composition and pH

/ptone 50
btone 5
st extract 20
hlucose 44
Hium thioglycolate(HSCH,COONa 1¢
ter to 1 0¢
7,0 0,2

.3.3_Y{Preparation

.1 General

low ISO 11133 for the preparation, production and performance testing of culture‘media.

.2 Diluent

bth (TPGY broth) (Reference [7])

her approved non-selective enrichment culturesmedia can be used provided ¢
Fformance is shown.

low ISO 6887-1 and the relevant part of ISO 6887[2]-[13] dealing with-the*product to be examined.

.3 Non-selective enrichment culture medium, tryptone-péptone-glucose-yeast extract

quivalent

[0}°]

A

0ml

Di

SOIVE e COMpPOIENtS 1M te Water by boilng. After sterilization, adjust to pH 7,0 % 0,2 at 25 °C.

Dispense the base into flasks or bottles of appropriate capacity. Sterilize for 15 min at 121 °C. Store in a
refrigerator at 5 °C £ 3 °C. Discard unused medium 4 weeks after preparation.

6.2.4 TPGY broth buffered — for acidic and acidifying foodstuffs only

6.2.4.1 Stock solution (phosphate buffer)

6.2.4.1.1 Solution 1

©lI
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Sodium dihydrogenphosphate monohydrate [NaH2P04-H70] 138¢g

Water to 1000 ml
6.2.4.1.2 Solution 2

Disodium hydrogenphosphate [NazHPO4] 142 g

Water to 1000 ml
6.2.4.1.3 | Preparation

Dissolve the components in the water by boiling. To 250 ml solution 1, add solution 2 until the pH\reaches

7,2. Store
6.2.4.2

Dissolve t
buffer (6.]
to 1 000 1
15 min at
6.3 Nug
6.3.1

6.3.2 Et
6.3.3 Et
6.3.4 H¢
C19H42Br]
6.3.5 Hj
6.3.6 Is
6.3.7 Py
6.3.8 Sd
6.3.9 Sd
6.3.10

6.3.11

n a refrigerator at 5 °C = 3 °C.

Preparation of the complete medium

he components given for the base (6.2.3.2) in 500 ml water by boiling. Add 100 ml phosph
p.4.1) The final phosphate concentration of the complete medium is0,1 mol/l. Add water
hl. Dispense the complete medium into flasks or bottles of appropriate capacity. Sterilize
|21 °C. Store in arefrigerator at 5 °C + 3 °C. Discard unused meditm4 weeks after preparati

leic acid extraction

Chloroform, CHCls.

hanol, ¢(C2Hs0H) = 96 %.

hylenediaminetetraacetic acid disodium'salt (NazEDTA), C19H14N20gNay.

N.
rdrochloric acid, ¢(HCI) £37 %.

ppropanol, CH3CH{OH)CHs.

oteinase-K, approximately 20 units/mg of lyophilizate.
dium chloride, NaCl.

dium hydroxide, NaOH.

hte
up
for
bn.

pxadecyl(trimethyl)ammonium Bromide [(cetyl(trimethyl)Jammonium bromide, CTAB],

Tris(hydroxymethyl)aminomethane (tris), C4H11NO3.

CTAB extraction buffer, p(CTAB) = 20 g/], c(NaCl) = 1,4 mol/], c(tris) = 0,1 mol/], c((NazEDTA) =
0,02 mol/L.

Adjust to pH 8,0 with HCI or NaOH.

6.3.12 CTAB-precipitation buffer, p(CTAB) =5 g/I, ¢(NaCl) = 0,04 mol/1.

6.3.13 Sodium chloride solution, c(NaCl) = 1,2 mol/I.

© ISO 2013 - All rights reserved
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6.3.14 Ethanol solution, ¢(C2Hs0H) = 70 %.

6.3.15 Proteinase-K solution, p = 20 mg/ml], dissolved in sterile water.

Do

not autoclave. Store at -20 °C, but avoid repeated freezing and thawing.

6.3.16 Tris-EDTA (TE) buffer, c(tris) = 0,01 mol/l, ¢(NazEDTA) = 0,001 mol/!.

Adjust to pH 8,0 with HCl or NaOH.

:2013(E)

6.

6.4.1 Thermostable DNA polymerase, as specified in ISO 20838 and ISO 22174.

6.4.2 Deoxyribonucleoside triphosphates (ANTPs) containing dATP, dCTP,dGTP and dTT
as ppecified in ISO 20838 and ISO 22174.

6.4.3 PCR buffer solution, as specified in SO 20838 and 1SO 22174.

Thle PCR buffer solution is usually delivered with the DNA polymerase, which may or may n

Mg

Sp
av

6.4
Pr

7

.1 General

.2 Equipment for sample preparation prior to enrichment
2.1 Water bathj.¢apable of being maintained at 50 °C + 1 °C.
2.2 Centrifuge, for 50 ml and 100 ml tubes and with an adjustable acceleration of up to 1%

.2.3 A Membrane filter, nitrocellulose-filter, pore size 0,45 pm.

Reagents for PCR

Clz in a concentration specified by the manufacturer. Thedinal MgCl, concentrations af

hilable. If so, follow the manufacturer’s instructions for.use.

.4 Primers and probes

mers and probes for specific detection of the neurotoxin gene sequences are listed in Annex

Apparatus and equipment

1al microbiological laboratéry equipment (see ISO 7218) and, in particular, the following.

P or dUTP,

ot include
e method

pcificand are therefore listed in the annexes. Itis possible thatready-to-use reagents are conpmercially

bs B and C.

000 x g.

7.2.4 Centrifuge tubes, of capacities of 50 ml and 100 ml.

7.3 Equipment for microbial enrichment

7.3.1 Water baths, capable of being maintained at 30 °C +# 1 °C,65°C+ 1 °Cand 100 °C = 1 °C.

7.3.2 Anaerobic jar or anaerobic cabinet, capable of being maintained at 30 °C + 1 °C, according to
ISO 7218.

7.3.3 Incubator, capable of operating at 30 °C £ 1 °C.

© IS0 2013 - All rights reserved
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7.3.4 Flasks or bottles, of appropriate capacity.

7.4 Equipment used for nucleic acid extraction

Appropriate equipment according to ISO 20837 and, in particular, the following.
7.4.1 Microcentrifuge tubes, of capacities of 1,5 ml and 2,0 ml.

7.4.2 Thermo block, with a mixing frequency between 300 r/min and 1 400 r/min.

7.4.3 Graduated pipettes and pipette filter tips, for volumes between 1 pl and 1 000 pl.

7.4.4 Cqntrifuge, for reaction tubes having a capacity of 1,5 ml and 2,0 ml, e.g. microcentrifuge, capaple
of achievihg an acceleration of up to 12 000 x g.

7.4.5 Mijxer, e.g. vortex type.

7.5 Equipment used for PCR

Appropridte equipment according to the method and, in particular, the following.
7.5.1 Pipettes and pipette filter tips, having a capacity betweend ul and 1 000 pl.
7.5.2 Mjcrocentrifuge tubes, having a capacity of 1,5 ml and 2,0 ml.

7.5.3 Thin-walled PCR microtubes, 0,2 ml or 0,5 mlteaction tubes, multi-well PCR microplates| or
other suitpble equipment.

7.5.4 Thermal cycler.

7.6 Equipment used for the detection of the PCR product

Appropridte equipment accordingte.the method and, in particular, the following.
7.6.1 G¢l-based PCR
7.6.1.1 Horizontal gel'system.

7.6.1.2 Power.supply.

7.6.1.3 Ultpaviolet (UV) transilluminator or UV light box.

7.6.1.4 Gel documentation system.
7.6.2 Real-time PCR
7.6.2.1 Real-time PCR thermal cycler.

7.6.2.2 Appropriate detection and analysis software.

6 © IS0 2013 - All rights reserved
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Sampling

Sampling is not part of the method specified in this Technical Specification. If there is no specific
International Standard dealing with the sampling of the product concerned, it is recommended that the
parties concerned come to an agreement on the subject.

It is important the laboratory receive a truly representative sample which has not been damaged or
changed during transport or storage.

9

Procedure

9.

9.1
Se
It §
lin]
9.1
Pr

1 Sample preparation prior to enrichment

.1 General

e Figure A.1.

s recommended that at least 25 g be analysed, particularly for honeysamples; however, i
ited, smaller sample sizes may be used.

.2 Preparation of the sample

bpare and homogenize the sample according to ISO 68871 dnd the relevant parts of ISO 6

concerning the relevant matrix.

9.1

Pl4
ve

We
50
to

30
cas
ste

9.1

9.2

9.7
Re

.3 Preparation of honey samples

ce the vessel of honey in a water bath (7.2.1),at 50 °C = 1 °C for 30 min to melt the honey.
sel several times to mix the sample.

igh 25 g + 2 g of honey into a sterile centrifuge tube with a capacity of 100 ml (7.2.4) and a
ml of sterile distilled or deionized:water containing 1 % volume fraction polysorbate 80,
50 °C + 1 °C. Mix until the solutien is homogeneous. Centrifuge the mixture at 12 000 x g
min. Remove the supernatant carefully and pass it through a 0,45 pm membrane filter
e of blockage, pass any remaining supernatant through a fresh filter. Use all filters in the s
ps. Store the sediment temporarily at 5 * 3 °C.

P Microbial enrichment
.1 Inoculation

.1.1 ._General

hiove dissolved oxygen from the enrichment medium (6.2) by boiling for 10 min to 15 min

[ supply is

B87(91-[13]

[Invert the

dd at least
preheated
(7.2.2) for
(22.3). In
Ibsequent

in a water

ba

th (7.3.1).

If the sample is acidic or acidifying, the enrichment broth shall be prepared according to 6.2.4.

9.2.1.2 Inoculation of test portion

9.2.1.2.1 Recovery of vegetative cells and spores

Adjust the temperature of the enrichment medium to 30 °C + 1 °C in a water bath (7.3.1). Transfer the
test portion into the degassed enrichment medium to give a final dilution of 10-1.

©lI
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9.2.1.2.2 Recovery of spores

Adjust the temperature of the enrichment medium to 65 °C + 1 °C in a water bath (7.3.1). Transfer the
test portion into the preheated enrichment medium to give a final dilution of 10-1 at 65 °C + 1 °C. After
inoculation, maintain the flask or bottle at 65 °C + 1 °C for further 10 min, and then quickly cool to
30°C £ 1 °Cin a water bath (7.3.1).

9.2.1.3 Inoculation of honey test portions

Adjust the temperature of the enrichment broth to 65 °C + 1 °C (Z.3.1). Transfer the sediment (9.1.3)
to one flagkorbottle (7-3Z)amnd the fitter or fitters (9-1-3) 1Mo a second flaskor botte (7-3:4) cach
containing at least 10 ml of the heated enrichment broth, but in all cases ensure sufficient liquidcovers
the filters| Incubate both flasks or bottles at 65 °C + 1 °C for 10 min in a water bath (7.3.1).

NOTE Honey samples are only analysed for spores.

9.2.2 In:[:ubation

Incubate ynder anaerobic conditions (7.3.2) at 30 °C £ 1 °C. After 24 h £ 2 h of ineubation, remove 1 m| of
the enrichment for the PCR analysis and return immediately to anaerobic conditions.

If the restlt of the first PCR is negative, continue incubation under the same conditions for a further
48 h + 2 1, then transfer 1 ml of the enrichment into a flask or bottle/(7.3.4) containing 9 ml of fr¢sh
enrichment broth (6.2.3). Incubate anaerobically (7.3.2) at 30 °C 41/°C for 18 h + 2 h and performh a
second PR run.

9.2.3 Process controls
Positive ahd negative process controls shall be included@ccording to ISO 22174.

An examplle of a method for the preparation of spoxes is given in Annex D.
9.3 Nugleic acid preparation

9.3.1 G¢neral
An appropriate nucleic acid extraction procedure for Gram-positive bacteria shall be used.

An examplle of a procedure i§-given in 9.3.2 to 9.3.4. This procedure consists of a lysis step — therrpal
lysis in the presence of CTAB— followed by several extraction steps in order to remove inhibitors, such
as polysadcharides and-proteins.

Once the matrix test‘portion has been prepared, apply the DNA extraction and purification protofol
given in 9]3.2 to 9:3.4.

Scale adaptation of masses and buffer volumesis required as a function of the selected size of the test portipn.

9.3.2 Sample extraction

Transfer 1 000 pl of the enrichment culture (9.2.2) into a microcentrifuge tube (7.4.1). Centrifuge (7.4.4)
for 5 min at approximately 12 000 x g. Discard the supernatant (aqueous).

Add 500 pl prewarmed (65 °C) CTAB extraction-buffer (6.3.11) to the pellet and mix gently until the
pellet is lysed. Incubate for 30 min at 65 °C, under agitation (7.4.2). Add 20 pl of proteinase-K solution
(6.3.7), gently mix the tube and incubate for 30 min at 65 °C, under agitation (7.4.2). Centrifuge for
10 min at approximately 12 000 x g. Transfer the supernatant to a new tube, add 0,7 to 1 volume of
chloroform (6.3.1) and mix thoroughly.

Centrifuge for 15 min at approximately 12 000 x g. Transfer the supernatant (aqueous) to a new tube.

8 © IS0 2013 - All rights reserved
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9.3.3 CTAB precipitation

Add 2 volumes of the CTAB precipitation buffer (6.3.12). Incubate for 60 min atroom temperature without
agitation. Centrifuge for 15 min at 12 000 x g. Discard the supernatant. Dissolve the precipitated DNA by
adding 350 pl of NaCl solution (6.3.13). Add 350 pl of chloroform (6.3.1) and mix thoroughly. Centrifuge
for 10 min at 12 000 x g. Transfer the aqueous phase into a new tube.

NOTE CTAB-precipitation is not necessary for all matrices, only for protein- and polysaccharide-rich
matrices. Alternatively, a solid-phase purification of the DNA (e.g. by the use of spin columns) is possible assuming
the results are equivalent.

9.3.4 DNA precipitation

Add 0,6 volume of isopropanol (6.3.6), mix smoothly by inverting the tube and keep.the tulje at room
terpperature for 20 min. Centrifuge for 15 min at 12 000 x g. Discard the supernatant. Add 500 ul of
ethhanol solution (6.3.14) to the tube and invert several times. This is the critical step enguring the
complete removal of CTAB. Centrifuge for 10 min at 12 000 x g. Discard the supernatant. Drjy the DNA
pellet and redissolve itinto 100 ul of an appropriate buffer, e.g. TE buffer (6.346). This is the DNA master
stqck. The DNA can be stored at -20 °C until use.

9.4 PCR amplification

Different procedures for PCR amplification can be used. The detection of the PCR product can be either
gelbased or by detection of the fluorescence signal.

Allrequirements for the PCR amplification are specified.in ISO 20838.

Expmples of gel-based PCR methods are described:ifiAnnex B and of real-time PCR methods in Annex C.

9.4.1 PCR controls
PCR controls shall be in accordance with ISO 22174.

9.4.2 Detection of PCR products

Different procedures for detection of PCR products can be used. Examples of gel-based PCR m¢thods are
degcribed in Annex B and pf'real-time PCR methods in Annex C.

9.5 Confirmation‘efa positive PCR result

Follow the procedure specified in ISO 20838.

9.3.1 Intérpretation of the results

The résults obtained, including the controls specified in ISO 22174, should be unambiguoys and the
controls should yield expected results, otherwise the procedure shall be repeated.

The PCR result is:

a) positive, if a specific PCR product has been detected and confirmed and all the controls give
expected results;

b) negative within the limits of detection, if a specific PCR product has not been detected, and all
controls give expected results.

A positive PCR result does not automatically indicate the presence of botulinum neurotoxins. To confirm
the presence of the neurotoxins suitable methods targeting the toxins directly shall be applied.

© IS0 2013 - All rights reserved 9
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Annex A
(normative)

Flow-diagram of the procedure

Prepare sample (9.1.1)

|

Test portion
xgorxml

|

9x ml enrichment-broth (6.2.3)

|

Incubate under anaerobic conditions at 30 °C + 1 °C for 24 h + 2 hy(7:3.2)

|

Remove 1 ml of the enrichment for PCR analysis and return to@anaérobic conditions

T

Positive PCR result Negative PCR result:
Incubate for a further48 h + 2 h
under anaerobic conditions (7.3.2)

!

Transfer 1 ml of enrichment broth into
9 ml of fresh enrichment broth (6.2.3)

!

Incubate under anaerobic conditions
at30°C+1°Cfor18h+2h (7.3.2)

!

Second PCR run

Figure A.1
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Annex B
(informative)

Multiplex PCR assays for detection of genes encoding botulinum
neurotoxin types A, B, E, and F using agarose gel electrophoresis

B.Il Method 1

B.

Thijis clause describes a method for the specific amplification and detection_of the genes

bo
Fo

B.

B.1.2.1 General

Th

strfains and from naturally contaminated samples.

Thi method appears in References [1][2][5].

B.1.2.2 Theoretical evaluation of the method

.1 Introduction

fulinum neurotoxin types A, B, E, and F using agarose gel electrophoresis.

" limitations see B.1.7.6.

|.2 Performance characteristics

e method has been validated for DNA extracted fromevarious C. botulinum type A, B, E, and H

encoding

reference

Theoretical evaluation was done by performinga sequence similarity search againstthe GenBank/EMBL/

DDOBJ database, where EMBL is the European Molecular Biology Laboratory and DDB] is the DNA

of

the¢ expected target sequences:
B.1.2.3 Selectivity

B.1.2.3.1 Inclusivity test

The inclusivity-of the method was tested with 86 C. botulinum type A strains, 70 C. botuliny

15

©lI

apan (Reference [16], 2009-09-20). The result of the search confirmed a complete identity

C. botulinum/butyricum type E and six C. botulinum type F strains, see Table B.1.

| Database
only with

m type B,

SO 2013 - All rights reserved
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Table B.1 — Inclusivity of the multiplex PCR using target strains

. Number | Type of botulinum neurotoxin gene detected
Strain, type and subtype .
of strains | TypeA Type B Type E Type F
C. botulinum type A subtype Ala 3 3 0 0 0
C. botulinum type A subtype A2b 9 9 0 0 0
C. botulinum type A subtype A3¢ 1 1 0 0 0
C. botulinum type A subtype A5d 4 4 0 0 0
C. botulinyfmtype A UNTQEtETTIITEd SUDty Pee 69 69 0 0 0
C. botulinum type Ba subtype A4f 1 1 0 0
C. botulinum type Ab subtype A28 4 4 4 0 0
C. botulinum type Bh 70 0 70 0 0
C. botulinym type Ei 4 0 0 4 0
C. butyricym type Ei 11 0 0 11 0
C. botulinum type Fk 6 0 0 0 6

a

C. botu

inum National Collection of Type Cultures (NCTC 4587), C. botulinum strain 624A,C! botulinum NCTC 7272.

b Straingisolated from Italian National Reference Centre for Botulism (NRCB).

¢ C. botulinum NCTC 2012 Loch Maree.

d (. botulinum strains from Institute of Food Research (IFR), UK.

e A total| of 64 strains from NRCB collection and five strains from the\Coensultant Laboratory for Anaerobic Bacteria
(CLAB) of the University of Leipzig, Germany.

f C. botulinum strain 657Ba from IFR, UK.

&  Straingisolated by NRCB, Italy.

h C botulinum NCTC 7273 and 69 strains from NRCB collection.

I Three gtrains from the CLAB and one strain from NRCB.

i Seven {trains isolated in Italy by NRCB, four strains provided by Reference [17].

k  C. botulinum NCTC 10281: three strains isolated’in Italy by NRCB; two strains isolated in Germany by CLAB.

B.1.2.3.2 | Exclusivity test

The exclugivity of the methodwas tested with 34 non-target organisms, see Table B.2. No cross-reactivjity
was obserlved with the nonztarget bacteria.
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Table B.2 — Exclusivity of the multiplex PCR using non-target strains

Number | Type of botulinum neurotoxin gene detected
of strains | Type A Type B Type E Type F
C. sporogenes WDCM 00008 1 0 0 0 0
C. perfringens (WDCM 00007 and field strains)
C. carnis NCTC 13036
C. histolyticum NCTC 503
C. utyricurnt NUITGU 7445
C. parati NCTC 10986
Bdcillus subtilis WDCM 00003
B. ereus (NCTC 11143 and field strains)
THermophilic Campylobacter spp. (field strains)
Estherichia coli (WDCM 00013 and field strains)
Safmonella spp. (WDCM 00030 and field strain)
Ligteria spp. (WDCM 00017 and WDCM 00109)
Brpchotrix thermospacta WDCM 00071
Enfterococcus faecalis WDCM 00087
Citrobacter freundii WDCM 00078

Pspudomonas spp. (field strains)

Strainsa

= w
o|lo|o
o|lo|o
ol|lo|o

~

Yelsinia enterocolitica (field strains)

Latobacillus fermentum (field strain)

Aspergillus spp. (field strains)

O |o|o|lo|o|lo|lo|o|o|o|o|lo|o|o|jo|o|o|o|O

RN | RS | W R |R|R|INM|INM][WNMN|[W R [~ |H
clo|lo|lo|lo|lodo |olojlo|lo|lo|lo|o|d
olo|lo|lo|lo|lo|lo|lo|lo|ofo|o|loco|o|o|d
colo|lo|lo|lo|lo|lo|lo|o|lo|lo|o ooy o |d

Sagcharomyces cervisiae (field strain)

a WDCM = World Data Centre for Microorgartisms.

B.1.2.4 Sensitivity

B.1.2.4.1 Sensitivity tests'using artificially contaminated samples (Reference [2])

The limit of detection“was assessed by measuring artificially contaminated samples with different
inqculationlevels(0;1 cfuto 10 cfuand 10 cfuto 100 cfubefore enrichment) in 10 gofvarious foofl matrices
(cqnned fish, cannéd sausages, and honey) under investigation using the culture method (Refefrence [1]).
Actording te-the results, the false-positive rate for the method using artificially contaminateld samples
is ( % andthe false-negative rate is 0 %. The limit of detection for the method described is 1 cfj1 to 10 cfu
or sporesper 10 g before enrichment.

B.1.2:4-2Sensitivity tests using naturally contaminated samples (Reference [2])

The limit of detection was assessed by measuring 382 naturally contaminated samples (e.g. honey,
vegetable matter, and canned meats) using the mouse bioassay as reference method. According to the
results the false-positive rate for the method using naturally contaminated samples is 0 % and the false-
negative rate is 0 %.

NOTE The experiments were performed with test portions of 10 g.

B.1.2.5 Analytical controls

All tests were performed using positive and negative process controls and additionally for PCR an
internal amplification control (IAC) described in B.1.6.

© IS0 2013 - All rights reserved 13
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B.1.2.6 Instruments and reagents

Validation was carried out with the MyCycler®) and with the Mastercycler® Gradient?) using the 2x
Multiplex qPCR MasterMix®3) (Reference [1]) and the MasterMix according to Table B.7 (References [2][5]).

B.1.3 Principle

Specific DNA fragments of the BoNT/A, B, E, and F genes are amplified by multiplex PCR in combination
with a homologous IAC using eight primers. The detection of the PCR products is done using agarose gel
electrophoresis.

B.1.4 Reagents

B.1.4.1 (General

For the quality of reagents to be used, see [SO 22174.
B.1.4.2 Reagents for PCR
B.1.4.2.1 | Nuclease-free water.

B.1.4.2.2 | PCR buffer solution, 10x.4)

The PCR huffer solution is usually delivered with the DNA polymerase, which may or may not inclyde
MgCl; in & concentration specified by the manufacturer. Théfinal MgCl, concentrations are method
specific apd are therefore listed in Table B.7. It is possible th@t ready-to-use reagents are commerciglly
available. [If so, follow the manufacturer’s instructions for'use.

B.1.4.2.3 | MgCl; solution, c(MgCl;) = 25 mmol/l.
B.1.4.2.4 | Thermostable DNA polymerase (for hot-start PCR), 5 [U/ul.
B.1.4.2.5| dANTP solution, ¢(dNTP) = 10 mmol/l.

B.1.4.2.6 | Oligonucleotides.

Sequences of the oligonucleotides are listed in Table B.3.

1) MyCycler® is the trade name of a product supplied by BioRad. 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.

2) Mastercycler® Gradient is the trade name of a product supplied by Eppendorf. 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.

3) 2x Multiplex qPCR MasterMix® is the trade name of a product supplied by Qiagen. 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.

4) 10x means 10-fold; i.e. the concentration of the PCR buffer.
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Table B.3 — Sequences of oligonucleotides

Type Primer Sequence (5" — 3) Ampliggn size
A [IA_03_fw ggg CCT AgA ggT AgC gTA RaTg 101
[IA_O4_rev TCTTY2ATTT CCAgAAgCATATTTT

B CBMLB1 CAggAg AAg Tgg AgC gAA AA 205
CBMLB2 CTT gCg CCTTTg TTT TCT Tg
CBMLE1 CCAAgATTTTCATCCgCCTA

F CBMLE?2 gCT ATT gAT CCA AAA Cgg TgA 3

. CBMLF1 Cgg CTT CAT TAg AgA ACg gA "
CBMLF2 TAA CTC CCC TAg CCC CgT AT

a | Inthe sequence of oligonucleotides R=A,Gand Y = C,T.

B.1.4.3 Reagents for gel electrophoresis

B.1.4.3.1 General. The agarose gel electrophoresis may be carried out with TAE buffer or TBE buffer.
Solutions as described in this method do not usually need to be autoclaved.

B.1.4.3.2 Agarose, suitable for DNA electrophoresis and €dr“the intended size separation df the DNA
malecules.

B.1.4.3.3 Boricacid, H3BO3, for the TBE buffer syst€m only.
B.1.4.3.4 Bromophenol blue, C19H9Br405SNa' and/or xylene cyanol FF, Co5H27N206S2Na.

B.1.4.3.5 DNA molecular mass standard, e.g. a commercial preparation containing DNA [fragments
from very high to very low molecularmass.

B.1.4.3.6 Glacial acetic acid;, CH3COOH, for the TAE buffer system only.

B.1.4.3.7 Ethylenediaminetetraacetic acid disodium salt (NazEDTA), C1oH14N20gNaj.
B.1.4.3.8 Ethidiumybromide (EthBr), C21H2oN3Br

B.1.4.3.9 Glycerol, C3HgOs3.

B.1.4.3.10 Sodium acetate, C;H302Na, for the TAE buffer system only.

B.1.4.3.11 Hydrochloric acid, ¢(HCI) = 37 %.
B.1.4.3.12 Sodium hydroxide, NaOH.
B.1.4.3.13 Tris(hydroxymethyl)aminomethane (tris), C4H11NO3.

B.1.4.3.14 Tris-acetate-EDTA (TAE) buffer solution (1x), c(tris) = 0,050 mol/l, ¢(C2H302Na) =
20 mmol/l], c(NazEDTA) = 0,001 mol/l.

Adjust to pH 8,0 with glacial acetic acid or NaOH. It is advisable to prepare the TAE buffer solution
as a concentrated stock solution (maximum 50-fold concentrated). Discard it if a precipitate is visible.
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Dilution of the concentrated electrophoresis buffers can be carried out, immediately before its use, with
non-sterile, (mono)-distilled or deionized water.

B.1.4.3.15 Tris-borate-EDTA (TBE) buffer solution (0,5x), c(tris) = 0,055 mol/], c(boric acid) =

0,055 mol

/1, c(NazEDTA) = 0,001 mol/1.

Adjust to pH 8,0 with HCI or NaOH. It is advisable to prepare the TBE buffer solution as a concentrated
stock solution (maximum 10-fold concentrated). Discard it if precipitation is visible. Dilution of the
concentrated electrophoresis buffers can be carried out, immediately before its use, with non-sterile,

(mono)-di

stilled or deionized water.

B.1.4.3.16 Sample loading buffer solution (5x), ¢(glycerol) = 50 %, p(bromophenol blue) =25

and/or p(

B.1.4.3.17

It is advig
dark (Eth
prepared

xylene cyanol) = 2,5 g/1, dissolved in electrophoresis buffer solution (B.1.4.3.14 or B.114:3.11

o/
).

[ Ethidium bromide solution, c¢(EthBr) = 0,5 mg/I.

able to store the ethidium bromide solution as a concentrate (e.g. 10 nig/ml) at 5 °C in
Br is light-sensitive). It is also advisable to avoid weighing EthBr. The stoek solution should
by dissolving an appropriate amount of water in the vessel already containing the EthBr powd

or alternatively, by employing preweighed EthBr tablets. Solubilization of EthBr should be carried

protected

WARNIN(

B.1.5 A]

B.1.5.1

Approprig
B.1.5.2
B.1.5.2.1
B.1.5.2.2

B.1.5.2.3
other suit

B.1.5.2.4

B.1.5.2.5

from light, under agitation at room temperature. This usually takes approximately 1 h.

; — Ethidium bromide is a known mutagen. Follow safe handling procedures.

pparatus

eneral

te equipment according to the method andyin particular, the following.
Equipment used for PCR
Pipettes and pipette filter tips;’having a capacity between 1 pl and 1 000 pl.
Microcentrifuge tubes,‘having a capacity of 1,5 ml and 2,0 ml.

Thin-walled PCR'microtubes, 0,2 ml or 0,5 ml reaction tubes, multi-well PCR microplates
hble equipment,

Thermal'cycler.

Equipment used for the detection of the PCR product.

he
be
er,
but

or

B.1.5.2.6

B.1.5.2.7

B.1.5.2.8

B.1.5.2.9

Microwave oven or boiling water bath.
Horizontal gel system.
Power supply.

UV transilluminator or UV light box.

B.1.5.2.10 Gel documentation system.

16
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B.1.6 Internal amplification control (Reference [2])

B.1.6.1 Principle

A DNA fragment of the pUC 19 plasmid is amplified by PCR using two specific primers. The primers
possess over-hanging 5-ends, which are identical to the primers used for the detection of the BoNT/F
gene, whereas their 3-ends are complementary to the pUC 19 predetermined DNA sequence of defined
length and sequence. The DNA fragment is used as a template for the competitive IAC.

B.1.6.2 Reagents

B.1.6.2.1 General

For the quality of reagents to be used, see ISO 22174.

B.1.6.2.2 Nuclease-free water.

B.1.6.2.3 Magnesium chloride solution, c(MgCl;) = 25 mmol/L
B.1.6.2.4 Thermostable DNA polymerase (for hot-start PCR), 51U /ul.
B.1.6.2.5 dNTP solution, ¢(dNTP) = 10 mmol/l.

B.1.6.2.6 Potassium chloride solution, ¢(KCI) = 0,5 mol/1.

B.1.6.2.7 Tris(hydroxymethyl)aminomethane hydrochloride, c(C4H11NO3 HCl) = 0,1 mol/I.
Adjust to pH 8,3 with HCl or NaOH.

B.1.6.2.8 pUC 19 plasmid (accession number L09137).

B.1.6.2.9 Oligonucleotides

Sequences of the oligonucleotides are listed in Table B.4.

Table B.4 — Sequences of oligonucleotides

Amplicon size
Primer Sequence (5" — 3") IAC
bp
1AG; Cgg CTT CAT TAg AgA ACg gAC gTT Tgg TAT ggC TTC ATT C o
FAC, TAA CTC CCC TAg CCC CgT ATT AgA CgT CAg gTg gCACTT T

B.1.6.3 PCR-Setup for the construction of the IAC
The method is described for a total PCR volume of 50 pl per reaction with the reagents as listed in

Table B.5. The PCR can also be carried out in a smaller volume if the solutions are adjusted appropriately.
The final values of reagents as outlined in Table B.5 have proven to be suitable.
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Table B.5 — Addition of reagents

Reagent Final value Volume puelr sample
Template DNA (pUC 19), 0,5 pg/ul 0,5ug 1
Nuclease-free water 26
KCl solution, ¢(KCl) = 0,5 mol/] 50 mmol/1 5
Tris-HCI (pH 8,3), c(tris-HCI) = 0,1 mol/1 10 mmol/1 5
MgCl2 solution, c(MgCl2) = 25 mmol/l 2,5 mmol/] 5
dNTP solution, ¢(dNTP) = 10 mmol/] 0,8 mmol/1 4
Primer IACt, 5 pmol/1 0,1 pmol/1 1
Primer IAC;, 5 umol/I 0,1 pmol/1 1
Thermostable DNA polymerase, 5 [U/ul 2,510 1

B.1.6.4 Temperature-time programme

The temperature-time programme as outlined in Table B.6 has been used)for the validation stydy
using thefmal cyclers MyCycler®1) or the Mastercycler® Gradient?) and‘Jag DNA polymerase.>) The
use of other thermal cyclers might make an adaptation necessary. The time for activation and initial
denaturatlion depends on the polymerase used. Ifusinga hot-start polymerase, follow the manufacturegr’s
instructions for use.

Table B.6 — Temperature-time,programme

60 s/95 °C
Amplificatfion 60s/55°C
2 min/72°C
Number of cycles (amplification) 30
Final extepsion 10 min/72 °C

B.1.6.5 UUse of the IAC

Purify thg PCR product using.an appropriate method. Generally 1 500 copies/well of IAC are suitable ffor
gel-based |PCR methods. The.TAC described is a competitive IAC and is constructed in competition wjith
the primefs amplifying type’F neurotoxin gene.

B.1.7 Procedure

B.1.7.1 PCRset-up

The methbdts—deseribedforatotat PERvolumeof 56 p} pet reactionr—with—the 1ca5cuto astisted in
Table B.7. The PCR can also be carried out in a smaller volume if the solutions are adjusted accordingly.
The final values of reagents as outlined in Table B.7 have proven to be suitable.

5) Applied Biosystems is an example of a suitable supplier of Tag DNA polymerase. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of this product. Equivalent
products may be used if they can be shown to give the same results.
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Table B.7 — Addition of reagents

Reagent Final value Volume puelr sample

Template DNA 10 ngto 50 ng 3
Nuclease-free water 2,6
PCR buffer 10x (without MgCly)a 1x 5
MgCl; solution, c(MgClz) = 25 mmol/1 4,8 mmol/I 9,6
dNTP solution, ¢c(dNTP) = 10 mmol/I 0,8 mmol/l 4
P{R primers (according to Table B.3) 5 pmol/1 0,3 umol/I each 3 each
IA[L, 1 500 copies/ul 1 500 copies s
THermostable DNA polymerase, 5 [U/ul 210 0,8
1 d Ifthcle/l;CR buffer solution already contains MgCly, the final concentration of MgCly in the reattion mixture isladjusted to

,dq mmol/ 1.

B.1.7.2 PCR controls

B.1.7.2.1 General.

In pccordance with ISO 22174, the controls in B.1.7.2.2 to B.1%.2.4 are necessary.

B.1.7.2.2 Negative PCR control.

DNA-free water is used as a negative control.

B.1.7.2.3 Positive PCR control.

A mixture of DNA from BoNT-producing clostridia, positive for all four target sequences (type A, B, E,
anfl F neurotoxin genes), approximatelyt 000 copies each.

B.1.7.2.4 Amplification control:

Usg an appropriate IAC or external amplification control (EAC). An example of an IAC is showjn in B.1.6.

B.1.7.3 Temperaturer-time programme

The temperaturé-time programme outlined in Table B.8 has been used for the validatign studies
with the My €y¢ler® and with the Mastercycler® Gradient?) using the 2x Multiplex qPCR MasterMix3)
(Referenceq1]) and the MasterMix according to Table B.7 (References [2][5]). The use of othe¢r thermal
cy¢lers miight make an adaptation necessary. The time for activation and initial denaturation depends on
the¢ polymerase used.®) If using a hot-start polymerase, follow the manufacturer’s instructions for use.

6) Qiagenisan example of a suitable supplier of Tag DNA polymerase. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product. Equivalent products may
be used if they can be shown to give the same results.
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Table B.8 — Temperature-time programme

Activation and initial denaturation 15 min/95 °C
30s/95 °C
Amplification 30s/56°C
905s/72°C
Number of cycles (amplification) 35
Final extension 7 min/72 °C

B.1.7.4 Detection of PCR products (gel electrophoresis)

B.1.7.4.1 | General

The agardgse gel electrophoresis may be carried out with TAE buffer or with TBE buffer. Use the same
buffer to dissolve the agarose and to fill the electrophoresis tank.

B.1.7.4.2 | Agarose gel preparation

The ampliffied PCR products should be detected using a 2,0 % agarose gel. Weigh an appropriate amount
of agaros¢ (B.1.4.3.2) and add it to the electrophoresis buffer solution(B:1.4.3.14 or B.1.4.3.15). Allpw
the solutipn to boil in a microwave oven or in a water bath (B.1.5.2.6) until the agarose is completely
dissolved]Replace the volume lost by evaporation with an equivalént amount of water, mix by swirling
(avoid air pubbles trapping), cool the solution down to about 60 %€ and keep it at this temperature until
usage. Prdpare a gel support (gel tray) with a suitable comb in place. Pour the agarose solution on to the
gel tray and allow the gel to solidify at room temperature:(1 h is usually recommended).

B.1.7.4.3 | Agarose gel eletrophoresis

Carefully remove the sample comb from the gel. Transfer the gel (with its gel tray) to the electrophorgsis
cell, so thdt the wells reside close to the cathod€ (negative electrode). Fill the cell with the electrophoresis
buffer (B.1.4.3.14 or B.1.4.3.15). Overlay the gel with approximately 2 mm of the same buffer.

Mix the Igading buffer with the PCRsproducts (10 pl) (B.1.4.3.16) in the ratio 1-5 (e.g. add 2,5 pl of
loading buiffer to 10 pl of PCR produdts), mix and apply the mixture to the sample slots (wells) with a
micropipdtte. If the unknown samples are suspected to be too concentrated, also provide some dilutigns
of them tq be loaded on to the-gel.

To detern]ine the size of thie/PCR products, add the loading buffer (B.1.4.3.16) and DNA molecular mass
standard [B.1.4.3.5) in’the proportion of 1-5. The DNA molecular mass standard is loaded on the ge| at
least before the first'and after the last sample well.

Carry ouf] the electrophoresis at room temperature at the appropriate voltage and power intengity
(generally a maximum constant voltage of 5 V/cm, with respect to the distance between the electrodes,
is recomnpended). Under the conditions described, DNA is negatively charged, so it migrates from the
cathode to the anode. The electrophoresis time depends on the migration distance required, on the
current generated by the power supply, the buffer used, the electro-endosmosis and the concentration
of the agarose in the gel.

B.1.7.4.4 Staining

After completing the electrophoresis, incubate the gel for 15 min to 50 min in the ethidium bromide
solution (B.1.4.3.17) at room temperature, preferably in the dark with gentle shaking. If necessary,
reduce the background staining by de-staining the gel in water for 10 min to 30 min.

As an alternative to post-electrophoresis staining, EthBr can be added to the gel before pouring it. In
this case, EthBr is added to the gel to a final concentration of 0,01 mg/ml of gel when the gel has been
cooled to a temperature of 60 °C. To minimize the problems of EthBr movement in the gel, some EthBr
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can also be added to the electrophoresis (tank) buffer. After the gel electrophoresis, no de-staining step
is usually required.

NOTE The staining can be performed using other DNA intercalating stains.

B.1.7.4.5 Gel recording

Transfer the gel to the transilluminator surface, switch on the UV light and record the DNA fluorescence
by photography or video-documentation.

Tb targetseauencesareconsideredtobedetectedifthesize ofthe PCRnroductcorresnondstoth

expected

o 1 r r
length of the target DNA sequences. See Table B.9. For the interpretation of the results, see ISO2

Table B.9 — Size of amplification products

V174

Type Primer Product size
bp
A IA_03_fw/IA_O4_rev 101
B CBMLB1/CBMLB2 205
E CBMLE1/CBMLE2 389
F CBMLF1/CBMLF2 543
IAC IAC¢/1ACy 698

B.1.7.5 Confirmation of a positive PCR result

A positive PCR result shall be confirmed, e.g. by sequencing of the PCR products. Other aj
mdthods for confirmation may also be used.

B.1.7.6 Limitation of the method

Thie method has been tested for the detection of the recent types and subtypes of neurotoxin-
clgstridia type A, B, E, and F. At the_time of publication, there is no confirmation whether th

lis

B

B

ed in Table B.3 can detect new subtypes of BoONT/A, B, E, and F.

.2 Method 2

2.1 Introductien

Thiis clause describes a method for the specific amplification and detection of the genes
botulinum #ietirotoxin types A, B, E, and F using agarose gel electrophoresis.

Fo

B.

" limitations see B.2.7.6.

propriate

producing
e primers

encoding

Dy D £ 1 ' - .
L4 TCIIONIIAIICT CIIAIACLICTISUCS

B.2.2.1 General

The method has been adapted for DNA extracted from different C. botulinum types A, B, E, and F reference
strains and from naturally contaminated samples.

Parts of the method have been published in Reference [5].
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B.2.2.2 Theoretical evaluation of the method

Theoretical evaluation was done by performingasequence similarity search againstthe GenBank/EMBL/
DDB]J database (Reference [16], 2009-09-20). The result of the search confirmed a complete identity only

with the expected target sequences.
B.2.2.3 Selectivity

B.2.2.3.1 Inclusivity test

The inclugivity of the method was tested with 19 C. botulinum type A strains, 19 C. botulinum typeB,[17
C. botulingm type E and nine C. botulinum type F strains, see Table B.10.
Table B.10 — Inclusivity of the multiplex PCR using target strains
Type of botulinum neurotoxin gene detected
Strain| type and subtype Number of strains
Type A Type B Type E Type F
C. botulinum type A 19 19 0 0 0
C. botulinym type B 19 19 0 0
C. botulinym type E 17 0 17 0
C. botulinym type F 9 0 0 9
NOTE  Stfains isolated from: Italian National Reference Centre for Botulish (NRCB); IFR; Consultant Laboratory for
Anaerobic Bacteria (CLAB) of the University of Leipzig, Germany.
B.2.2.3.2 | Exclusivity test
Ss-

The exclusivity of the method was tested with 34\fén-target organisms, see Table B.11. No cro

reactivity|was observed with the non-target bacteria.
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Table B.11 — Exclusivity of the multiplex PCR using non-target strains

Type of botulinum neurotoxin gene

Strains Number detected
of strains
Type A Type B Type E Type F
C. sporogenes WDCM 00008 1 0 0 0 0
C. perfringens (WDCM 00007 and field strains) 3 0 0 0 0
C. carnis NCTC 13036 1 0 0 0 0
C. histolyticum NCTC 503 1 0 0 0 0
C. butyricum NCTC 7423 1 0 0 0 0
C. barati NCTC 10986 1 0 0 0 0
B. subtilis WDCM 00003 1 0 0 0 0
B. pereus (NCTC 11143 and field strains) 3 0 0 0 0
THermophilic Campylobacter spp. (field strains) 2 0 0 0 0
E. roli (WDCM 00013 and field strains) 3 0 0 0 0
Safmonella spp. (WDCM 00030 and field strain) 2 0 0 0 0
Ligteria spp. (WDCM 00017and WDCM 00109) 2 0 0 0 0
B. fhermospacta WDCM 00071 1 0 0 0 0
E. faecalis WDCM 00087 1 0 0 0 0
C. freundii WDCM 00078 1 0 0 0 0
Pspudomonas spp. (field strains) 3 0 0 0 0
Y. enterocolitica (field strains) 3 0 0 0 0
L. fermentum (field strain) 1 0 0 0 0
Aspergillus spp. (field strains) 2 0 0 0 0
S. gerevisiae (field strain) 1 0 0 0 0
B.2.2.4 Sensitivity tests using artificially contaminated samples (Reference [5])
The limit of detection was ‘assessed by measuring artificially contaminated samples with different
inqculation levels (0,1 ¢futo 10 cfu and 10 cfu to 100 cfu before enrichment) in 10 g of various food
mdtrices (canned fish,~eanned sausages, and honey) under investigation using the culture method
(Reference [5]). According to the results, the false-positive rate for the method using grtificially
coptaminated safmples is 0 % and the false-negative rate is 0 %. The limit of detection for the method
degcribed is 1.cfirto 10 cfu or spores per test portion before enrichment.
NOTE The experiments were performed with test portions of 10 g.
B.2.2:5 Analytical controls

All tests were performed using positive and negative process controls and additionally for PCR an IAC
described in B.2.6.5.

B.2.2.6

Instruments and reagents

Validation was carried out for the Mastercycler® Gradient?) using the 2x Multiplex qPCR MasterMix®3)
and the MasterMix according to Table B.16.
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B.2.3 Principle

Specific DNA fragments of the BoNT/A, B, E, and F genes are amplified by multiplex PCR in combination
with a homologous IAC using eight primers. The detection of the PCR products is done using agarose gel
electrophoresis.

B.2.4 Reagents

B.2.4.1 General

For the qu
B.2.4.2
B.2.4.2.1

B.2.4.2.2

ality of reagents to be used, see [SO 22174.
Reagents for PCR
Nuclease-free water.

PCR buffer solution (without MgCl3), 10x.

The PCR huffer solution is usually delivered with the DNA polymerase, whichrhay or may not incly

MgCl; in

h concentration specified by the manufacturer. The final MgClg concentrations are meth

specific aipd are therefore listed in Table B.14. It is possible that ready-to-tise reagents are commercig

de
od

1y

available. [If so, follow the manufacturer’s instructions for use.
B.2.4.2.3 | MgCl; solution, c(MgCl;) = 25 mmol/l.
B.2.4.2.4 | Thermostable DNA polymerase (for hot-start PCR), 5 [U/pl.
B.2.4.2.5| dNTP solution, ¢(dNTP) = 10 mmol/l.
B.2.4.2.6 | Oligonucleotide.
Sequences of the oligonucleotides are listed-in Table B.12.
Table B.12 — Sequences of oligonucleotides
Type Primer Sequence (5" — 3) Ampli{):gn size
A CBMLA3-E ATT CAg gAT ggA AAg TAT CAC TTA AT o
CBMEA3R TTC TAC gCC TgC CTg TgA Tg
B CBMLB1 CAggAg AAg Tgg AgC GAA AA 205
CBMLB2 CTT gCg CCT TTg TTT TCT Tg
B CBMLE1 CCAAgATTTTCATCCgCCTA oa
CBMLE2 gCT ATT gAT CCA AAA Cgg TgA o
. CBMLF1 Cgg CTT CAT TAg AgA ACg gA c13
CBMLF2 TAA CTC CCC TAg CCC CgT AT

B.2.4.3 Reagents for gel electrophoresis

As specified in B.1.4.3.

B.2.5 Apparatus

As specified in B.1.5.
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B.2.6 Internal amplification control

B.2.6.1 Principle

A DNA fragment of the pUC 19 plasmid is amplified by PCR using two specific primers. The primers
possess over-hanging 5-ends, which are identical to the primers used for the detection of the BoNT/F
gene, whereas their 3-ends are complementary to the pUC 19 predetermined DNA sequence of defined
length and sequence. The DNA fragment is used as a template for the competitive IAC.

B.

.6.2.1 General.

the quality of reagents to be used, see [SO 22174.

.6.2.2 Nuclease-free water.

.6.2.3 MgCl3 solution, c¢(MgCly) = 25 mmol/l.

.6.2.4 Thermostable DNA polymerase (for hot-start PCR), 51U /pl.
.6.2.5 dNTP solution, c(dNTP) = 10 mmol/I.

.6.2.6 KCl solution, ¢(KCI) = 0,05 mol/1.

.6.2.7 Tris(hydroxymethyl)aminomethane hydrochloride, c(C4H11NO3-HCI) = 0,01 m¢l/I.

ust to pH 8,3 with HCI or NaOH.
B.2.6.2.8 pUC 19 plasmid (accession number L09137).

B.2.6.2.9 Oligonucleotides.

Sequences of the oligonucleotides are listed in Table B.13.

Table B.13 — Sequences of oligonucleotides

Amplicon sizel of IAC

Primer Sequence (5" — 3") bp

[0F-new-F Cgg CTT CAT TAg AgA ACg GAT gTC gTg CCA gCT gCA TTA A
[OF-néw*R | TAA CTC CCC TAg CCC CgT ATgCC ggA TCA AgA gCT ACC AAC

800

B.2.6.3 PCR setup for the construction of the IAC
The method is described for a total PCR volume of 50 pl per reaction with the reagents as listed in

Table B.14. The PCR can also be carried outin a smaller volume if the solutions are adjusted appropriately.
The final values of reagents as outlined in Table B.14 have proven to be suitable.
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Table B.14 — Addition of reagents

Reagent Final value Volume p“elr sample
Template DNA (pUC 19), 0,5 pg/ul 0,5 ug 1
Nuclease-free water 27
KClI solution, ¢(KCI) = 0,05 mol/I 50 mmol/1 5
Tris-HCI (pH 8,3), c(tris-HCI) = 0,01 mol/1 10 mmol/1 5
MgCl solytion, ¢(MgCl2) = 25 mmol/I 2,5 mmol/l 5
dANTP solufion, c(dNTP) = 10 mmol/1 0,8 mmol/1 4
Primer IA€f, 5 pmol/1 0,1 pmol/1 1
Primer IA€,, 5 umol/I 0,1 pumol/1 1
Thermostable DNA polymerase, 5 IU 2,510 1

B.2.6.4 Temperature-time programme

The temperature-time programme outlined in Table B.15 has been used forthe validation study usijng
thermal cjclers MyCycler®1) or the Mastercycler® Gradient2) and Taqg DNA.polymerase.5)

The use of other thermal cyclers might make an adaptation necessary.The time for activation and initial
denaturatfion depends on the polymerase used. If using a hot-start pelymerase, follow the manufacturegr’s
instructions for use.

Table B.15 — Temperature-titne programme

Activationand initial denaturation 15 min/95 °C
60 s/95°C
Amplificatlion 60s/55 °C
2min/72°C
Number of cycles (amplification) 30
Final extefpsion 10 min/72 °C

B.2.6.5 UUse of the IAC

Purify thg PCR productsusing an appropriate commercial kit. Generally 1 500 copies/well of IAC are
suitable fpr gel-based!PCR methods. The IAC described is a homologous IAC and is constructed| in
competitipn with the\primers amplifying type F neurotoxin gene.

B.2.7 Procedure

B.2.7.1 PCRset-up

The method is described for a total PCR volume of 50 pl per reaction with the reagentslisted in Table B.16.
The PCR can also be carried out in a smaller volume if the solutions are adjusted appropriately. The final
values of reagents outlined in Table B.16 have proven to be suitable.
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Table B.16 — Addition of reagents

Reagent Final value Volume p“elr sample

Template DNA 10 ng to 50 ng 3
Nuclease-free water 2,6

PCR buffer 10x (without MgCly)a 1x 5

MgCl; solution, c(MgCl3) = 25 mmol/] 4,8 mmol/1 9,6

dNTP solution, ¢(dNTP) = 10 mmol/I 0.8 mmol/I 4

P{R primers (according to Table B.3) 5 pmol/1 0,3 pmol/l each 3 each

IA[L, 1 500 copies/ul 1 500 copies 1
THermostable DNA polymerase, 5 [U/pl 210 0,8

a

4,4

If the PCR buffer solution already contains MgCly, the final concentration of MgCl; in the redction mixture is
mmol/l.

adjusted to

B.7

B.7

In

B.}

DN

b

B.2.7.2.3 Positive PCR control.

4

A mixture of DNA from BoNT-producing clostridia, positive for all four target sequences (ty

an

B.%
Us

B.}

The temperaturé<time programme outlined in Table B.17 has been used for the validation sf

thg
mi
po

.7.2 PCR controls

.7.2.1 General.

hccordance with 1SO 22174, the controls in B.2.7.2.2 to B.2¢7.24 are necessary.

.7.2.2 Negative PCR control.

A-free water without PCR inhibitors is used as a‘hegative control.

1l F neurotoxin genes), approximately,1 000 copies each.

.7.2.4 Amplification control:

b an appropriate IAC or EAC. An example of an IAC is shown in B.2.6.

.7.3 Temperature-time programme

rmal cycler. Mastercycler® Gradient2) and Taqg DNA polymerase.6) The use of other thern

ymerdase'used. If using a hot-start polymerase, follow the manufacturer’s instructions for {

pe A, B, E,

udy using
1al cyclers

bht make an adaptation necessary. The time for activation and initial denaturation depemnds on the

1se.

Table B.17 — Temperature-time programme

Activation and initial denaturation 15 min/95 °C
30s/95°C
Amplification 30s/60°C
85s/72°C
Number of cycles (amplification) 27
Final extension 3 min/72 °C
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B.2.7.4 Detection of PCR products (gel electrophoresis)

B.2.7.4.1 General

The agarose gel electrophoresis may be carried out as TAE buffer electrophoresis or as TBE buffer
electrophoresis. Use the same buffer to dissolve the agarose and to fill the electrophoresis tank. The
agarose gel preparation, the DNA sample preparation, the submarine electrophoresis, and the staining
are described in B.1.7.4.

B.2.7.4.2 _Gel recording

Transfer the gel to the transilluminator surface, switch on the UV light and record the DNA fluorescetl\ce
by photogiraphy or video-documentation.

The target sequences are presumed to have been detected if the size of the PCR product eorrespondq to
the expected length of the target DNA sequences. See Table B.18. The detection of fragments with a sjize
of 205 bp,[389 bp, 543 bp and/or 698 bp indicate that the sample DNA solution contains‘amplifiable DNA
of BoNT-producing clostridia respectively.

Table B.18 — Size of amplification products

Type Primer Prodg;t size
A CBMLA3-F/CBMLA3-R 698
CBMLB1/CBMLB2 205
CBMLE1/CBMLE2 389
CBMLF1/CBMLF2 543
IAC [0F-new-F/IOF-new-R 800

B.2.7.5 (Confirmation of a positive PCR result

A positivd PCR result shall be confirmed,€.g. by sequencing of the PCR products. Other appropriate
methods for confirmation may also be used.

B.2.7.6 Limitation and interpretation of the results

The methlod is tested for.-the’ detection of the recent types and subtypes of neurotoxin-producing
clostridialtype A, B, E, and-F. At the time of publication, there is no confirmation whether the primgrs
shown in [fable B.12 can-detect new subtypes of BONT/A, B, E, and F.
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C.1.1 Introduction

Thiis annex describes a probe-based multiplex real-time PCR method based on TagMan®7) t
for] the detection of genes, encoding botulinum neurotoxin types A, B, E, and’E

Fo

C.

C.1.2.1 General

The method has been validated for DNA extracted fromevarious C. botulinum type A, B, E, and H
strfains and from naturally contaminated samples.

Thle method has been published in Reference [6].

C.1.2.2 Theoretical evaluation of the method

Th

w1

C.1.2.3 Selectivity

C.1
Th

C.

1.2 Performance characteristics

ISO/TS 17919

Annex C
(informative)

:2013(E)

Assays for detection of genes encoding botulinum neurotoxin

types A, B, E, and F using real-time PCR

Method 1 — Multiplex PCR assay

" limitations see C.1.6.5.

th the expected target sequences.

.2.3.1 Inclusivitytest

e inclusivity ef'the method was tested with 14 C. botulinum type A strains, 20 C. botulinum t
potulinum type E and one C. botulinum type F strains, see Table C.1.

echnology

reference

poretical evaluation was done by performingasequence similarity searchagainstthe GenBank/EMBL/
DDBJ database (Reference [16], 2009,09-20). The result of the search confirmed a complete idg

ntity only

ype B, two

7) TagMan® is a trademark of Roche Molecular Systems. 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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Table C.1 — Inclusivity of the multiplex PCR using target strains

. Number of | Type of botulinum neurotoxin gene detected
Strain, type and subtype .
strains Type A Type B Type E Type F

C. botulinum type A 14 14 0 0 0

C. botulinum type B 20 0 20 0 0

C. botulinum type E 2 0 0 2 0

C. botulinum type F 1 0 0 0 1
NOTE  SUTIS SOt Hrom e ComS T ooyt AT o T R e T e AR . : pig,
Germany; the University of Giessen, Germany; the Federal Institute for Animal Health, Germany; and the Bavarian Heaflth
and Food Sgfety Authority, Germany.

C.1.2.3.2 | Exclusivity test
The exclusivity of the method was tested with 34 non-target organisms. No cross-reactivity was
observed with the non-target bacteria, see Table C.2.

Table C.2 — Exclusivity of the multiplex PCR using non-tatget strains
Strains Numb_er of | Type of botulinum neurotoxin gene detected
strains | TypeA {)TypeB | TypeE | Type}

C. sporogepes WDCM 00008 1 0 0 0 0

C. perfringens (WDCM 00007 and field strains) 3 0 0 0 0

C. carnis NCTC 13036 1 0 0 0 0

C. histolyticum NCTC 503 1 0 0 0 0

C. butyricym NCTC 7423 1 0 0 0 0

C. barati NCTC 10986 1 0 0 0 0

B. subtilis WDCM 00003 1 0 0 0 0

B. cereus (NCTC 11143 and field strains) 3 0 0 0 0
ThermopHilic Campylobacter spp. (field $trains) 2 0 0 0 0

E. coli (WIDCM 00013 and field strains) 3 0 0 0 0
Salmonellq spp. (WDCM 00030 and field strain) 2 0 0 0 0
Listeria spp. (WDCM 00017ands\WDCM 00109) 2 0 0 0 0

B. thermogpacta WDCM 00071 1 0 0 0 0

E. faecalis WDCM 00087 1 0 0 0 0

C. freundiilWDCM<00078 1 0 0 0 0
Pseudomonas’spp. (field strains) 3 0 0 0 0

Y. enterocolitica{fieldstrains) 3 0 0 0 0

L. fermentum (field strain) 1 0 0 0 0
Aspergillus spp. (field strains) 2 0 0 0 0

S. cerevisiae (field strain) 1 0 0 0 0

C.1.2.4 Sensitivity

C.1.2.4.1 Sensitivity tests using artificially contaminated samples (Reference [5])

The limit of detection was assessed by measuring artificially contaminated samples with different
inoculation levels (0, 1 cfu to 10 cfu and 10 cfu to 100 cfu before enrichment) in 10 g of various food

30 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=16baf97e7811254fe6fb12ff7b201dc5

ISO/TS 17919:2013(E)

matrices (canned fish, canned sausages, and honey) under investigation using the culture method
(Reference [4]). According to the results, the false-positive rate for the method using artificially
contaminated samples is 0 % and the false-negative rate is 0 %. The limit of detection for the method
described is 1 cfu to 10 cfu or spores per test portion before enrichment.

NOTE The experiments were performed with test portions of 10 g.

C.1.2.4.2 Sensitivity tests using naturally contaminated samples

The limit of detection was assessed by measuring 20 naturally contaminated samples (e.g. honey,
ve )ch‘UlC TITACCET, ardcamed mcaw) ubiug thecutture mrethodas reference method—Accor ing to the
regults, the false-positive rate for the method using naturally contaminated samples is.02% and the
falpe-negative rate is 0 %.

NOTE The experiments were performed with test portions of 10 g.

C.1.2.5 Analytical controls

Alll tests were performed using positive and negative process contrels ‘and additionally for PCR a
heferologous IAC.

C.1.2.6 Instruments and reagents

Validation was carried out with the Stratagene MX 3000P8) and with the Stratagene MX 3005P9) using
th¢ 2x Brilliant Multiplex qPCR MasterMix10) (Reference {6]).

C.1.3 Principle

Specific DNA fragments of the BoNT/A, B, E, and-F genes are amplified by multiplex real-tim¢ PCR. The
PCR products are detected by measuring the fluorescence of the probes.

C.1.4 Reagents

C.1.4.1 General.

For the quality of reagents t¢ be used, see [SO 22174.
C.1.4.2 Nuclease-free water.

C.1.4.3 Ready touse MasterMix for real-time-PCR.

A ready-tozuse MasterMix contains PCR buffer solution, MgCl, solution, dNTP solution, an optional
defontamihation system (dUTP including uracil N-glycosylase), and Taq polymerase and|is mostly
adapted\to the thermal cycler used. Follow the manufacturer’s instructions for use.

C.1.4.4 pUCTI9 plasmid (accession number LO9137].

8) Stratagene MX 3000P is the trade name of a product supplied by Agilent Technologies. 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.

9) Stratagene MX 3005P is the trade name of a product supplied by Agilent Technologies. 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.

10) 2x Brilliant Multiplex qPCR MasterMix is the trade name of a product supplied by Agilent Technologies. This
information is given for the convenience of users of this document and does not constitute an endorsement by 1SO
of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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C.1.4.5 Oligonucleotides.

Sequences of the oligonucleotides are listed in Table C.3.

Table C.3 — Sequences of oligonucleotides

Type Primer Sequence (5" — 3")
CBOT A fw TCT TAC gCg AAA Tgg TTA Tgg
A CBOT Are TgC CTg CAC CTA AAA gAggA
CBOTAS THEXTEg TTT TgApEA R TC ACT ToA A TAMRAD
CBOT B fw AggA gAA gTg gAg CGREAAA
B CBOTBre TTC CCT TgA TgC AAA ATg AT
CBOTBS aFAM-CCT ggg CCA gTT TTA AAT gA-TAMRAD
CBOTE fw TCA gCACCT ggACTT TCAgA
E CBOT Ere CAT gTT gTT CTA TAT CAC TTgTTC CA
CBOTES aFAM-TCC AAA ATg ATg CTT ATA/TAC CAA AA-TAMRAD
CBOT F fw ATA Cgg ggC TAgggg AgT TA
F CBOT Fre AAATCCTgA CCI'CCAAAggTT
CBOTFS CHEX-CCg AAA AAC)CCA TAA ggC TA-TAMRAb
IAC_pUC_fw TgT gAAATA CCg CACAgA Tg
”;girlgfll;':f’rl(‘)fll IAC_pUC_re A$C-Tgg CgT AAT AgCgAA g
[IAC_pUC_S dROX-gAg' AAA ATA CCg CAT CAg gC-TAMRAb
a  FAM: 6fcarboxyfluorescein.
b TAMRA: 6-carboxytetramethylrhodamine.
¢ HEX: 5} (hexachlorofluorescein).
d  ROX = ¢arboxy-X-rhodamine.
e Inthe dequence of oligonucleotides R is (A,G).

NOTE The use of other fluorescenge.labels for the probes has not been tested or validated.

C.1.5 Apparatus

C.1.5.1 General

Appropridte equipméntaccording to the method and, in particular, the following.

C.1.5.2 Equipmient used for PCR

C.1.5.2.1 —Pipettesamd pipette filter tips, aving acapacity between t hamd + 000t ——————

C.1.5.2.2 Microcentrifuge tubes, having a capacity of 1,5 ml and 2,0 ml.

C.1.5.2.3 Thin walled PCR microtubes, 0,2 ml or 0,5 ml reaction tubes, multi-well PCR microplates or
other suitable equipment.

C.1.5.2.4 Real-time PCR instrument.

32 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=16baf97e7811254fe6fb12ff7b201dc5

C.1.6 Procedure

C.1.6.1 PCR-Setup

ISO/TS 17919:2013(E)

The method is described for a total PCR volume of 25 pl per reaction with the reagents as listed in
Tables C.4 and C.5. The PCR can also be carried out in a larger volume if the solutions are adjusted
appropriately. The final values of reagents as outlined in Tables C.4 and C.5 have proven to be suitable.

Two multiplex systems are used, one system for the detection of genes, encoding type A and B and the
IAC and one system for the detection of genes, encoding type E and F.

Table C.4 — Addition of reagents (triplex real-time-PCR-system, BoNT/A, B and TAC)
Reagent Final value ¥leme pp:lr sample
Template DNA maximum 250;0g |
TagMan®7) DNA polymerase
PdR buffer illi i-
2x Brilliant Multi 1) 125
MgCl; solution plex
gPCR MasterMix10)
dNTP solution
PAR primers for BoNT/A, B and the IAC (according to Table C.3), 0,3 umol/1 each 0,75 kach
10[umol/I1
PdR probes for BoNT/A, B and the IAC (according to Table C.3); 0,2 umol/1 each 0,5 dach
10|pmol/1
Nyclease-free water 0)5
pUC 19-plasmid, 1 fg 1fg ]
Table C.5 — Addition of reagents (duplex real-time-PCR-system, BoNT/E and FJ)
. Volume per sample
Reagent Final value !

Template DNA maximum 250 ng |
TagMan®7) DNA polymerasé
POR buffer

- 2x Brilliant Multiplex 1x 12,5
MgCl2 solution qPCR MasterMix10)
dNTP solution
PAR primers-for BoNT/E and F (according to Table C.3), 10 umol/1 0,5 umol/I each 1,25ach
PdR probésfor BoNT/E and F (according to Table C.3), 10 pmol/1 0,2 umol/I each 0,5 ¢ach
Nyclease-free water 1)5

C.1.6.2 PCR controls

C.1.6.2.1 General.

In accordance with ISO 22174, the controls in C.1.6.2.2 to C.1.6.2.4 are necessary.

C.1.6.2.2 Negative PCR control.

DNA-free water is used as a negative control.
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C.1.6.2.3

Positive PCR control.

A mixture of DNA from BoNT-producing clostridia, positive for all four target sequences (type A, B, E,
and F neurotoxin genes), approximately 100 copies each.

C.1.6.2.4

Amplification control.

Use an appropriate IAC. An example for an heterologous IAC is given in C.1.6.

C.1.6.3 Temperature-time programme

The temp
the Strata
Multiplex
The time

polymera

brature-time programme as outlined in Table C.6 has been used for the validation study.us
ene MX 3000P8) and the Stratagene MX 3005P9) system in combination with the 2xBrilli
qPCR MasterMix®.10) The use of other thermal cyclers might make an adaptationyhé&cess3
for activation and initial denaturation depends on the polymerase used. If usinga hot-st
be, follow the manufacturer’s instructions for use unless the protocol states otherwise.

Table C.6 — Temperature-time programme

ng
hnt
ry.
art

Activationland initial denaturation 10 min/95 °C

Number o

cycles (amplification) 45

Amplification

155/95 °C

60 /55 °C

C.1.6.4

The thres

nterpretation of the results

hold value to determine the cycle of thresholdy Ci, shall be defined by the analyst or by 1

cycler-spqcific software. A positive sample generates:@r amplification plot with at least the exponen

phase of
crosses th

h typical amplification curve, see ISO 22119.[15] The amplification curve of these samp

signal abdve the threshold is considered positive.

C.1.6.5

Limitation of the method

The method is tested for the deteetion of the recent types and subtypes of neurotoxin-produc

clostridia

type A, B, E, and F. Atthe time of publication, there is no confirmation whether the prim

shown in [fable C.3 can detegEnew subtypes of BONT/A, B, E, and F.

C.2 Me

thod 2 — P€R assay

C.2.1 Introduction

he
ial
les

e defined threshold setting after a.certain number of cycles. A sample with a fluorescence

ng
PT'S

This claugeZdescribes a probe-based real-time PCR method based on TagMan®7) technology for

detection

For limita

he

£ 1 1 + 1 + > + A D_I 1.
1 gC1ICS, CIICOUIIly DOLUIITULIT IICUrotoXIIr types A, b, L, dIIU I.

tions see C.2.6.5.

C.2.2 Performance characteristics

C.2.2.1 General

The method has been validated for DNA extracted from various C. botulinum type A, B, E, and F reference
strains and from naturally contaminated samples (Reference [2]).

34
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C.2.2.2 Theoretical evaluation of the method

Theoretical evaluation wasdone by performinga sequence similarity search againstthe GenBank/EMBL/
DDB]J database (Reference [16], 2009-11-20). The result of the search confirmed a complete identity only
with the expected target sequences.

C.2.2.3 Selectivity

C.2.2.3.1 Inclusivity test

Th inclusivity of the method was tested with 60 C. botulinum type A strains, 68 C. botulinym type B,
foyr C. botulinum type AB/Ab strains, 21 C. botulinum/butyricum type E and seven C. botulinym/baratii
type F strains,[2] see Table C.7.

Table C.7 — Inclusivity of the multiplex PCR using target strains

. Number of | Type of botulinummeurotoxin gene detected
Strain, type and subtype .
strains | TypeA | TypeB | TypeE | |TypeF
C. potulinum type A 60 60 0 0 0
C. botulinum type B 68 0 68 0 0
C. potulinum type AB 3 3 3 0 0
C. potulinum type Ab 1 1 0 0
C. botulinum/butyricum type E 21 0 0 21 0
C. potulinum/baratii type F 7 0 0 0 7

C.3.2.3.2 Exclusivity test

The exclusivity of the method was tested with 27 non-target organisms. No cross-reactivity was
obferved with the non-target bacteria{Reference [2]). See Table C.8.

Table C.8 — Exclusivity of the multiplex PCR using non-target strains

Strains Numb_er of | Type of botulinum neurotoxin gene detected
strains Type A Type B Type E Type F
Clgstridia spp. other thahC. botulinum 24 0 0 0 0
Ndn-Clostridia spp: 3 0 0 0 0

C.3.2.4 Sensitivity

C.2.24.1 Sensitivity tests using 10-fold dilutions of extracted DNA (Reference [2])

The limit of detection was assessed by measuring 10-fold dilutions of purified DNA. The limit of detection
for BoNT type A is 25 genome copies, for BoNT type B and F is between 25 genome copies and 250
genome copies, for BoNT type E is 250 genome copies.

C.2.2.4.2 Sensitivity tests using naturally contaminated samples

The limit of detection was assessed by measuring 11 naturally contaminated food samples using the
mouse bioassay as reference method. According to the results, the false-positive rate for the method
using naturally contaminated samples is 0 % and the false-negative rate is 0 %.

NOTE The experiments were performed with test portions of 10 g.
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C.2.2.4.3 Collaborative trial

Primers and probes have been also evaluated in an international collaborative study performed in four
European laboratories using different real-time-PCR platforms. Results of the study have been reported
in Reference [2].

C.2.2.5 Analytical controls

All tests were performed using positive and negative process controls and additionally for PCR an EAC.

C.2.2.6 [Instruments and reagents

Validatior] was carried out for the ABI 770011 and the Stratagene MX 3005P9) for the tests (Referemce
[2]) using[the TagMan® Universal PCR MasterMix12) or qPCR MasterMix buffer.13)

C.2.3 Principle

Specific ONA fragments of the BoNT/A, B, E, and F genes are amplified by redl-time PCR. The PCR
products are detected by measuring the fluorescence of the probes.

C.2.4 Reagents

C.2.4.1 (eneral

For the quality of reagents to be used, see [SO 22174.
C.2.4.2 Nuclease-free water.

C.2.4.3 Ready to use MasterMix for real-time-PCR

A ready-tp-use MasterMix contains PCR buffer solution, MgCl;-solution, dNTP-solution, an optiohal
decontamjination system (dUTP including.utacil N-glycosylase) and Taq polymerase and is modtly
adapted t¢ the thermal cycler used. Follow the manufacturer’s instructions for use.

C.2.4.4 OQligonucleotides

Sequences of the oligonucleotides are listed in Table C.9.

11) ABI 7700 is the trade name of a product supplied by Applied Biosystems. 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.

12) TaqMan® Universal PCR MasterMix is the trade name of a product supplied by Applied Biosystems. 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.

13) gPCR MasterMix buffer is the trade name of a product supplied by Eurogentec. 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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Table C.9 — Sequences of oligonucleotides

2013(E)

Type Primer Sequence (5" — 37)
Al ggA gTC ACT TGA AGT TGA TACAAATC
A A2 gCT AAT gTT ACT gCT ggATCT gTA g
A3 FAMDP-TCT TTT Agg TgC Agg CAA ATT T-BHQ1¢
B1 gAT gAA CAg CCA ACA TAT AgT TgT CA
B B2 gTT TCCTTT TTA CCT CTT TTA AgT ACC ATT
B3 FAMb-ToA ToA RKAT Apg AT T gAT Tog TAT TCABHG
E1l CTATCCAAAATg ATg CTT ATATACCAAA
E E2 ggCACT TTC TgT gCATCT AAATA
E3 FAMb-ATg ATT CTA ATg gAA CAA gTg ATA TAg AAC AACATg ATg T {BHQ1¢
F1 gCA ATA TAg gAT TAC TAg gTT TTCGATT C
F F2 gAA ATAAAA CTC CAAAAg CATCCATT
F3 FAMDP-TTg gTT gCT AgT AgT Tgg TAT\TAT AAC AA-BHQ1c
EAC1 TAC CAT Agg AggrAAg CCAC
Exyternal amplifi- =g, ) CTT CTT CCT AATCTC TACgCA T
ation control
EAC3 HEXd-gTg CCA gCAgCC gCg gTA ATA Cg-BHQ1c¢
a | Inthe sequence of oligonucleotides Kis (G,T).
b | FAM: 6-carboxyfluorescein.
¢ | BlackHole™ Dark Quencher 1. BlackHole is the trademrark of a product supplied by Biosearch Technologies. 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.€an be shown to lead to the same results.
d | HEX: 5"-(Hexachlorofluorescein).
NJTE The use of other fluorescence labels for the'probes has not been tested or validated.
C.3.4.5 External amplification control
C.3.4.5.1 Principle
DNA extracted from C(butyricum ATCC® 19398TM14) js amplified by PCR using the specific primers
degcribed in Table C.9-ih a separate reaction tube together with the template DNA (Reference| [8]).
C.3.4.5.2 C. batyricum strain ATCC® 19398T™M
Grow C. butypicum strain ATCC® 19398TM in TPGY broth at 30 °C + 1 °C for 24 h + 2 h under|anaerobic
conditions. Extract DNA from enriched culture (9.3). Use approximately 2 500 copies of DNA as EAC.
C.2.4.5.3 —Use-of the EAC

The size of the amplification product of C. butyricum strain ATCC® 19398TM js 232 bp. A total of
2 500 copies of DNA gives a C; value of approximately 30.

C.2.5 Apparatus

C.2.5.1 General

Appropriate equipment according to the method and, in particular, the following.

14) ATCC® 19398TM s the trademark of a product supplied by ATCC. 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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