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Foreword

2019(E)

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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meet expectations from customers and governments faced with Legionella risk;
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the use of new technologies while overseeing the development work of various actors in
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complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The presence of L. pneumophila or Legionella spp. in water samples is demonstrated and quantified by
amplifying DNA sequences (PCR) with specific oligonucleotides. Specificity of the detection is ensured
by using a target sequence specific fluorescent-labelled probe. The increase in the amount of the DNA
amplicon can be measured and visualized in real time by a quantitative PCR device with fluorophore
specific filters.

A calibration curve is used for quantification purposes. The guidelines, minimum requirements and
performa nce characteristics are intended to guarantee that the results are reliable and rpprndnr‘i le

between different laboratories.

This document specifies a determination of the recovery of the DNA extraction. The performarce of the
extractiorn procedure is not fully covered (lysis efficiency is not estimated).

vi © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=b084ce1ec479da7c157e82eaccfc5a19

TECHNICAL SPECIFICATION

ISO/TS 12869

:2019(E)

Water quality — Detection and quantification of Legionella
spp. and/or Legionella pneumophila by concentration
and genic amplification by quantitative polymerase chain
reaction (qPCR)
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Scope

is document specifies a method for the detection and quantification of Legionella

. | pneumophila using a quantitative polymerase chain reactionn (qPCR). It specifie

thodological requirements, performance evaluation requiremefis, and quality control requ

chnical details specified in this document are given for/information only. Any other

solutions complying with the performance requirements.are suitable.
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is document is intended to be applied in the bacteriological investigation of all types of ¥
cold water, cooling tower water, etc.), unlesssthe nature and/or content of suspended mat
ompanying flora interfere with the determination. This interference can result in an adv

both the detection limit and the quantifi¢ation limit.
TE 2 For validation requirements;see 9.7.

e results are expressed as the number of genome units of Legionella spp. and/or L. pneum
e of sample.

ke method described in.this document is applicable to all types of water. However, some addi
chemicals used forwater treatment, can interfere with and/or affect the sensitivity of the

e PCR methods,do not give any information about the physiological state of the Legionella

Normative references

the open
Infection

Legionella spp. is caused by inhalation of the organism; hence it is advisableto assess all

h a safety

spp. and
5 general
lirements.
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ir content

e following documents are referred to in the text in such a way that some or all of the

copstitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 19458, Water quality — Sampling for microbiological analysis

3

Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC 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/

3.11

Legionella

<genotype definition> bacterial genus which can be defined by DNA sequences of genes encoding its
specific 16S rRNA

Note 1 to eptry: rRNA is the abbreviation of ribosomal ribonucleic acid.

3.1.2

Legionellg pneumophila

<genotyp¢ definition> species belonging to the Legionella (3.1.1) genus which can be defined by |its
specific DNA sequences

Note 1 to ¢ntry: The distinction between Legionella spp. and L. pneumophila can be made on the basis of fhe
difference petween the nucleotide sequence in the macrophage infectivity potentiator (mip) gene.

3.1.3

reverse primer

forward primer

single-strand DNA fragment (oligonucleotide) that serves as a template for specific DNA replication
Note 1 to ¢ntry: The choice of the DNA sequences of both the forward*and reverse primers determines which
DNA fragmlent is replicated. The length of the primer usually varies from 15 to 30 nucleotides.

3.1.4

probe

single-stranded DNA fragment, targeting a specific.sequence, labelled with a fluorophore reporter gnd
a fluoropHore quencher

Note 1 to entry: While the probe is unattached orlattached to the template DNA and before the polymerase afts,
the quenchler reduces the fluorescence from the reporter.

3.1.5

quantitatfive PCR

qPCR

formation of specific DNA fragments which is highlighted by a labelled fluorescent probe and monitofed
in real tine

Note 1 to eptry: The intensity of the fluorescence is a measure of the amount of amplicons. By comparison with a
calibration| curve, the ifitial concentration of the DNA target can be determined.

3.1.6

Ctvalue

threshold cycle

number of PCR cycles (denaturation and amplification) required to replicate the DNA copies originally
present in the sample, so that the concentration of DNA exceeds the detection limit

Note 1 to entry: The C; value is the intercept of the line that represents the DNA concentration of a sample with
fluorescent base line. C; value is equivalent to Cq value depending on the software used.

3.1.7

Legionella spp. genome unit

GU

unit representing a single copy of the Legionella spp. bacterial genomic DNA

© ISO 2019 - All rights reserved
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3.1.8

macrophage infectivity potentiator gene

mip gene

gene present in Legionella spp. which is essential for the infection of the host (protozoa) and
macrophages (humans)

Note 1 to entry: The unique base sequence of the mip gene of L. pneumophila can be used for the design of the
primer and probe sequences for the specific qPCR detection of L. pneumophila.

3.1.9

PCRinhibition control
calibrated DNA that is required to be co-amplified with the sample DNA extract usingcthle primers
negded for Legionella spp. or L. pneumophila detection

Note 1 to entry: The PCR inhibition control should reveal any inhibitor presence in the sample DNA extract.

Note 2 to entry: The control can be a plasmid, an oligonucleotide or the L. pneumophijla)genomic DNA|. A specific
prabe shall be used to detect the inhibition control.

3.1.10
recovery
efficiency of the DNA extraction method

3111

Legionella pneumophila DNA primary standard
calibrated DNA solution of L. pneumophila (WDCM 00107) with a known quantity of genome|units and
anfassociated uncertainty

Note 1 to entry: The standard is used to adjust the working calibration DNA solutions.
Note 2 to entry: For the WDCM catalogue, see Reference [3].

3.1.12
reference material
regdy-to-use calibrated DNA solution:¢cennected to the L. pneumophila DNA primary standard [3.1.13)

Note 1 to entry: The reference material shall be processed in each PCR run to check the accuracy of the qPCR.

3.1.13

amplification series
sef of PCR amplification-runs while using the same PCR reagent batches, same materials, |and same
indtruments

3.1.14

wqrking calibration solutions
L. pneumophila (WDCM 00107) DNA calibrated solutions, compared to the L. pneumophila DNA primary
stgndard;-used to establish the calibration curve

Note T+to entry: The procedure is specified in 7.4.

3.1.15
Taq DNA polymerase
enzyme from Thermophilus aquaticus used for in vitro DNA polymerase reaction

3.1.16
negative control
control for monitoring the whole process in this method (from filtration to extraction to qPCR)

© IS0 2019 - All rights reserved 3
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3.1.17
MgCl2
magnesium in its divalent cationic form is an essential co-factor of DNA polymerase activity

Note 1 to entry: It forms a complex that is soluble with the dNTP.

3.1.18
dNTP
deoxyribonucleotide triphosphates used in synthesizing DNA by polymerase DNA:

— dATP: 2'-deoxyadenosine 5'-triphosphate;

— dTTP| 2'-deoxythymidine 5'-triphosphate;
— dCTP] 2'-deoxycytidine 5'-triphosphate;
— dGTP| 2'-deoxyguanosine 5'-triphosphate

3.2 Symbols and abbreviated terms

LDgpcr (detection limit of the qPCR) lowest number of genome units that give a positive resultf in
the qPCR with 90 % confidence

LDmeth (detection limit of the qPCR) lowest number of genomeunits that might be detected in the
volume of sample filtrated

LQqpcr (quantification limit of the qPCR) lowest numbef.of genome units that can be quantifigd
with an accuracy less than or equal to 0,15legfounit

LQmeth (quantification limit of the gPCR) lowestnumber of genome units that might be quanti
fied in the volume of sample filtrated

BSA bovine serum albumine

DMSO dimethyl sulfoxide

4 Pringiple

The dete¢tion and quantification of Legionella spp. or L. pneumophila by PCR are carried out]in
three phases:

— concentration of water samples by filtration;
— DNA ¢xtractiof from the filter;

— amplificatieny, detection and quantification of one or more specific DNA sequences belonging to the
Legiopellg genus and/or L. pneumophila species by real-time qPCR.

5 Sampling

The samples shall be taken in sterile containers using all the necessary precautions. The sampling
conditions shall be indicated on the test report if they are known. Carry out sampling, transport and
storage of the samples in accordance with ISO 19458. Take care not to expose the samples to adverse
temperature conditions (e.g. freezing or overheating).

NOTE The use of insulated containers is helpful in this regard.

Preferably, start the investigation after the sampling as soon as possible. If samples are delivered to the
laboratory 24 h after sampling, they can be shipped at (5 £ 3) °C or at ambient temperature (20 = 5) °C.
In case the conservation period is more than 24 h, the shipment shall be performed at (5 + 3) °C.

4 © IS0 2019 - All rights reserved
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Validate the storage of the filter membrane or the sample for a longer time or at another temperature.

In addition, for samples derived from oxidizing biocide-treated water a sterile container, which contains
a sufficient quantity of sterile sodium thiosulfate, shall be used for neutralizing the oxidizer.

Other biocides (bactericides or bacteriostatics) are sometimes used, in particular in cooling tower
circuits. Their presence, which can lead to underestimation, shall thus be declared and indicated on the
test report if it is known. However, it is not always possible to neutralize these products.

6 _General testing conditions

6. General

PCRis a sensitive detection method. Aerosols, dust, and other particles are carriers of contaminating DNA.
It is therefore essential to separate in space and/or time the different stages of the*analysis. In particular,
provide separate dedicated areas, materials, and equipment for pre- and post-arhplification stages.

Thi principles to be applied are as follows:
—| use of disposables compatible with PCR methods is preferred;

—| procedures for eliminating DNA traces and amplicons shall be'implemented in event of pccidental
contamination of the premises or apparatus;

—| regular quality controls shall be used to demonstrate the effectiveness of maintenance pyrocedures
with the objective of ensuring that there is no céhtaminating Legionella DNA or PCR products/
amplicons (see 10.4).

6.2 Staff

All personnel who perform this method.§hall be trained for working with PCR and micrqgbiological
aspects.

The staff shall wear separate laboratory coats for microbiology activities involving culfures and
mqlecular biology activities. Any gloves that are used for this purpose shall be talc-free.

Laporatory coats shall be changed between the areas of low DNA concentration (pre-amplification) and
the¢ areas of high DNA eencentration (post-amplification). When laboratory coats are not disposable,
then they shall be periodically cleaned and replaced. Only duly equipped staff shall access the specific
ropms where thesetests are run.

Mdre information-about this subject is available in the “Quality Assurance/Quality Control Gufidance for
Laporatories.Rerforming PCR analyses on Environmental Samples” from EPA (see Reference [4]).

6.3 . Premises

Thetaboratoryshattcontaimatteasttwo physicatty separatedareas tesg-PCRtabimet); threared including
pre-PCR [a) and b) below] and PCR [c) below] activities. Ideally, there should be three physically
separated areas a), b), and c) available:

a) an area for the concentration of samples and DNA extraction;
b) an area for the preparation of PCR reagents (reaction mixtures);
c) anarea for PCR amplification.

If automated machines are used, then certain activities can be grouped together in the same area. In all
cases, check on contaminations by using a negative control (see 10.4).

© IS0 2019 - All rights reserved 5
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Regardless of the amplicon detection and amplification system used, no tube shall be opened after
amplification in areas a), b), and c).

6.4 Apparatus and consumables (excluding reagents)

6.4.1 Apparatus

Usual laboratory equipment, and in particular the following.

6.4.1.1 Bielegicalsafetycabinet@®S6 M8 —

6.4.1.2 (entrifuge.
6.4.1.3 Heating block module.

6.4.1.4 Real-time thermocycler.

Device usgd for amplification by PCR which, after each cycle of polymerization) detects and recordfs a
fluorescent signal which is proportional to the amount of amplification produet (genome units).

6.4.2 Consumables

All used cpnsumables shall be free of DNA and DNAse.
EXAMPLE Filter funnels can be:

— delivefed sterile;

— steriliged in an autoclave or oven;

— if made of metal, flamed prior to use.

6.4.3 Concentration

Membrang filters shall be made of polycarbonate or any other compound with a low capacity ffor
adsorptiop of protein or DNA, with‘a-hominal porosity of 0,45 pm or less. Do not use membrane filters
containing cellulose or glass fibre.

6.4.4 Extraction and PCR(detection and quantification)

6.4.4.1 General

Apart from the.concentration phase, it is important to avoid the apparatus coming into contact wjith
the watert sample to prevent cross-contamination. Avoid cross-contamination by using single-yise
disposables: T

The quality control shall be used to confirm the effectiveness of the decontamination protocols.
Wherever possible, use consumables which are suitable for molecular diagnostics.

Careful consideration should be given to the apparatus and consumables specified in 6.4.1 and 6.4.2.

6.4.3.2 Micropipette

To avoid cross-contamination by aerosols, use tips with hydrophobic filters and /or positive displacement
micropipettes. Use a separate set of micropipettes for each area of activity.

6.4.3.3 Heating blocks, recommended, to prevent contamination by aerosols.

6 © IS0 2019 - All rights reserved
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6.4.3.4 BSCI], ideally equipped with UV lamps to ensure decontamination of equipment used.

6.5 Reagents

6.5.1 General
All reagents used shall be sterile, free from nucleases and PCR inhibitors. Ideally, they should be DNA free.

Whenever possible, all reagents shall be dispensed in appropriate volumes so as to avoid reusing the
aliquots. This improves the repeatability of the method. Suitable procedures shall be used to ensure
trgceability of all reagents.

Follow suppliers’ recommendations for storage and handling of reagents.

Pefform initial non-contamination control of the batch of reagents which are used for‘the DNA isolation
anfl qPCR (as described in 10.4).

6.3.2 PCRreagents

An| example of a PCR reaction mix components is indicated in TableZl:"Ready-to-use PCR njaster mix
products including the different components, except primers and probe, are available.

Thi reaction volumes handled during PCR tests are usually between 1 pl and 100 pl.

To| increase PCR repeatability while decreasing the uncertainty associated with smalll volumes,
sufficient volumes of reaction mixtures shall be preparedito enable at least 10 PCRs to be carried out.

Table 1 — Example of a'typical PCR reaction mix

Componenta Comments

DiJution water Diluent

PdR buffer solution The composition yaries greatly according to the supplier and various additiv¢s [bovine
serum albumjny)dimethyl sulfoxide (DMSO), surface active agents, etc.] appropriate for
the activity orstability of the thermostable DNA polymerase used, can be added.

MgClI2 The final.concentration MgCl2 depends on the dNTP, primers, probe, and target DNA
concentrations. This shall be optimized:
dNTP —._ dATP: 2'-deoxyadenosine 5'-triphosphate;

—~~ dTTP: 2'-deoxythymidine 5'-triphosphate;
— dCTP: 2'-deoxycytidine 5'-triphosphate;

— dGTP: 2'-deoxyguanosine 5'-triphosphate.

AdTTP + dUTP (2'-deoxyuridine 5'-triphosphate) mix and a uracil-DNA N-glyico-
sylase (UNG) enzyme can be used. This system is not mandatory for methodqusing
areal-time detection system not requiring opening of tubes after amplificatign. Any
equivalent system able to specifically destroy the amplicons from previous PLCR, in the
reaction mix, can he used

Primers See7.3.2.2,7.3.2.3,7.3.2.5,7.3.2.6.

Thermostable DNA Use of hot-start Taq DNA polymerase is possible to avoid false-positive results.
polymerase

Probes See 7.3.2.4 and 7.3.2.7.

a  Depending on their source, some of these components may previously be mixed in the PCR buffer solution.

6.5.3 Other reagents

6.5.3.1 DNA co-precipitants, used to improve precipitation yield during DNA extraction, shall not
contain any nuclease activity or sequence homologous to the target sequences of the PCR tests.

© IS0 2019 - All rights reserved 7
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6.5.3.2 TE buffer, pH 8,0.

Tris(hydroxymethyl)aminomethane (C4H11NO3) Tris 10 mmol/1

Ethylenediaminetetraacetic acid (C1oH16N2) EDTA 1 mmol/]

DNAse- and RNAse-free water

Dissolve the tris and EDTA in DNAse- and RNAse-free water and adjust with HCl to pH 8,0. For a 10-fold
diluted TE buffer, dilute the solution with DNAse- and RNAse-free water.

6.6 Deg

After acci
by immer

chlorine or 1 % volume fraction hydrochloric acid or detergent.

Ultraviole

even an entire room in addition to decontamination solutions.

6.7 Tre
Toxic and

Itisrecon]

7 Proc

7.1 Corn

Filter as 14
the volum
of detecti

small sample volumes and increase preportionally.

7.2 DN/

721 G

Extraction involves freging the DNA by lysing the microorganisms, then (or at the same time) purify

the DNA ¥
Check the

ontamination of equipment and premises

lental or non-accidental contamination, any recyclable equipment or material shall be’treaf
King in or soaking with, for example, a solution of bleach with 1,7 % volume ffaction act

t radiation can also be used to decontaminate small equipment or matefials, counter tops

atment and elimination of waste

infectious waste shall be stored, used, and eliminated according to local regulations.

edure

centration

e (V) of sample filtered. This is.réquired to calculate the results (see Clause 8). The li
bn, LDmeth (see 9.5) and limit of quantification, LQmeth (see 9.4.4), are adversely affected

\ extraction

bneral

vhile eliminating the other components as much as possible, particularly the PCR inhibitg
recoveryef the extract DNA (see 9.6).

mended that consumables contaminated by amplificatien'products be discarded immediat¢

irge a volume of the sample as practigable (at least 50 ml) to concentrate the bacteria. Rec;r;d

ed
ive

or

h

—

y.

it
by

ng
rs.
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rotacols

The DNA can be directly extracted from the filter. It is recommended to process the whole concentrate.

To extract the DNA, several suitable methods can be used such as physical (e.g. cycles of freezing
and thawing, beads beating), chemical (e.g. guanidine thiocyanate buffer) or biological (e.g. enzyme

digestion)

Purification step can be performed after or simultaneous of the DNA extraction step. This purification
step can be performed, for example, using chloroform and/or by fractional precipitation, with solvents
such as ethanol, isopropanol, and/or adsorption on solid matrices (e.g. resin, silica, glass, membrane,
magnetic beads).
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The purified DNA shall be put back into suspension in a solution that guarantees the stability of the
DNA and the quality of the PCR, for example, a buffer containing a magnesium-chelating agent (EDTA)
or proteins (bovine serum albumin).

PCR quantification of Legionella spp. and L. pneumophila genome units shall be performed with the
same DNA extract.

7.2.3 Stability of DNA extracts

After the DNA extraction, the DNA extract can be used for PCR. Although it is recommended to perform
thePERdiTectty after theextractiom it s possibte tostore the DNAextract for 24trat5=+3) °C. Any

lorjger storage at this temperature requires validation.

In fase the DNA extract is stored for longer than 24 h, store the DNA extract at (-18 * 2) 9€; the
conditions shall be validated.

Se storage

7.3 DNA amplification by PCR

7.3.1 General

Thijis involves amplification of a limited target sequence in the 5%to-3’ direction on each of the DNA

strjands initiated by two primers (reverse primer and forward primer).

Dulring the development of the PCR test, the amplification parameters (number of cycles, hyhridization
terpperature) and the reaction mix composition (ANTB:magnesium, primers, and buffer) shall be
defined and optimized. Once these parameters have béen established, the performance of the method
shall be evaluated (see Clause 9).

The PCR amplification shall include controls deseribed in Clause 10 (negative and positive cortrols, PCR

inhibition control, and reference material).

7.3.2 Target sequences, primers and-probes

7.3.2.1 General. One or more sequences can be amplified to detect and differentiate the DNA from

bagteria belonging to Legionella'spp. and L. pneumophila.

The specificity of the primers and probes shall be checked:

a) | theoretically by igiology research using appropriate software in the main databases su¢h as NCBI
Genbank (see-Reference [1]) or EMBL Nucleotide sequence database (see Reference [2]);

b) | by testing.On strains of Legionella, L. pneumophila and strains of microorganisms likely tp be found
in the saine ecological niches as Legionella.

Regardingb),alist of the minimum number of strains to be tested is given in 9.2. For strains notjbelonging

to fiegenus Legionella, no amplification product shall be detected by the real-time PCR. The $pecificity

of the probes and primers siatt be evaluated o eacit New Strail of tegioneita For L. preumophila the

sequences described below are compatible with the list of strains to be tested for specificity. Other
sequences may be used as long as they match the exclusivity and inclusivity requirements (see the list
in 9.2).

There follow examples of primers (7.3.2.2 and 7.3.2.3) and probes (7.3.2.4) designed to amplify and
quantify the L. pneumophila specific fragment of mip (7.3.2.5). Sequences and fluorofors are given for
exemple.

These preparations are given as examples and shall be validated according to Clause 9.
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7.3.2.2 Example of Forward primer L. pneumophila: LpneuF, with the following composition.

Sequence:

TE buffer

5-CCGATGCCACATCATTAGC-3’[é];
(6.5.3.2): diluted 10 times.

LpneuF is prepared, for example, as follows. Prepare a stock solution of primers in 10 times diluted TE
buffer at a final concentration of 100 umol/l. Store this stock solution below -18 °C. Dilute the stock
solution to a working solution of 10 pmol/l. For the preparation of both the stock solution and the
working solution, use a 10 times diluted TE buffer. Store this working solution for up to six months

foVWal

below -1
7.3.2.3

Sequence
TE buffer

NOTE
7.3.2.4

Sequence
Label 5
Label 3"
TE buffer

NOTE

7.3.2.5
16SrRNA

Sequence
TE buffer

16SrRNAg
diluted T}
the stock
the worki
below -18

Example of Reverse primer L. pneumophila: LpneuR, with the following composition!

Example of Probe L. pneumophila: LpneuP, with the following composition.

Example of Forward primer\16S rRNA gene forward primer Legionella sp

G,

5-CCAATTGAGCGCCACTCATAG-3’le];
(6.5.3.2): diluted 10 times.

LpneuR is prepared, for example, as in a similar fashion to LpneuF (7.3.2.2):

5-TGCCTTTAGCCATTGCTTCCG-3’[él;

Fluorophore (carboxyfluorescein, FAM);

Quencher (black hole quencher 1, BHQ1);
(6.5.3.2).

LpneuP is prepared, for example, as in a singilar fashion to LpneuF (7.3.2.2).

peneF, with the following composition.

5 GGAGGGTTGATAGGTTAAGAGCT 3’[5];
(6.5.3.2): diluted0 times.

. buffer at a final concentration of 100 pmol/1. Store this stock solution below -18 °C. Dil
solution to @working solution of 10 pumol/I1. For the preparation of both the stock solution 3
hg solution,'use a 10 times diluted TE buffer. Store this working solution for up to six mon
°C.

7.3.2.6

p:

eneF is prepar€d; for example, as follows. Prepare a stock solution of primers in 10 tinpes

ite
nd
ths

Yamplp of Reverse primer 16S rRNA gene reverse primer nginnplln S|

16SrRNAgeneR, with the following composition.

Sequence
TE buffer

NOTE

10

5" CCAACAGCTAGTTGACATCGTTT 3'I5];
(6.5.3.2):  diluted 10 times.

16SrRNAgeneR is prepared in a similar fashion to LpneuF (7.3.2.5).
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7.3.2.7 Example of Probe Legionella spp. 16S rRNA geneP, with the following composition.

Sequence: 5" -AGTGGCGAAGGCGGCTACCT- 3’[5];
Label 5”: Fluorophore (carboxyfluorescein, FAM);
Label 3" Quencher (black hole quencher 1, BHQ1);

TE buffer (6.5.3.2).

NOTE 1F\QrRNAgpin is prnp;\rﬂd in asimilar fashiontol pnpnF‘ (7 32 ';)

7.3.2.8 DNA sequence of mip fragment of L. pneumophila.
Primers and probes sequences are identified in bold in the text (Reference [5]).

5'0CGATGCCACATCATTAGCTACAGACAAGGATAAGTTGTCTTATAGCATTGGTGCCGATTTGGG
ATTTTAAAAATCAAGGCATAGATGTTAATCCGGAAGCAATGGCTAAAGGCATGCAAGACGCTAT
GAGCTCAATTGG-3'

7.3.2.9 DNA sequence of 16S rRNA gene fragment of L. species:
Primers and probes sequences are identified in bold in the text)(see Reference [5]).

TGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGG
TTIGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGCCTGAGGGTTGTAAS
TTICAGTGGGGAGGAGGGTTGATAGGTTAAGAGCTGAFTAACTGGACGTTACCCACAGAAGAAGCH
CTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTA]
TGCGTAGGTGGTTGATTAAGTTATCTGTGAAATFECTGGGCTTAACCTGGGACGGTCAGATAATAC
GACTCGAGTATGGGAGAGGGTAGTGGAATTTECGGTGTAGCGGTGAAATGCGTAGAGATCGGAAG(
CCAGTGGCGAAGGCGGCTACCTGGCCTAATACTGACACTGAGGCACGAAAGCGTGGGGAGCAAACA
AGATACCCTGGTAGTCCACGCTGTAAACGATGTCAACTAGCTGTTGGTTATATGAAAATAATTAG
CAGCAAACGCGATAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGA
CCLGCACAAGCGGTGGAGCATGTGGFTTAATTCGATGCAACGCGAAGAACCTTACCTACCCTTGAC
GTIGAATTTTGCAGAGATGCATTAGTGCCTTCGGGAACACTGATACAGGTGCTGCATGGCTGTCGTC
GTIGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTATCCTTAGTTGCCAGCATGTG4
GEGGACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGCGGGGATGACGTCAAGTCATCATG(
ACGGGTAGGGCTACACACGTGCTACAATGGCCGATACAGAGGGCGGCGAAGGGGCGACCTGGAGCA
TTAAAAGTCGGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCG

7.3.3 Amplification mix preparation

Idgally, prepare the reaction mix immediately before use. If the reaction mix is stored, then it
requirésivalidation by performing a verification of the linearity of the calibration function aft

LAAGA
GAGTG

GAATA
AGCACT
ACCGG
NAGGG
TGGTT
AACA
(GGATT
rGGCG
CGGGGG
ATACA
AGCTC
ATGGT
KCCCTT
AATCC

s stability
er storage

(s€e:3). This validation shall meet the criteria defined in 9.3.4.

The reaction mix and the extracted DNA shall be mixed just before amplification. To prevent the
consequences of accidental contamination, PCR amplifications can be performed from dUTP to activate
a UNG (uracil-DNA N-glycosylase) which removes all traces of amplicon before any new amplification.

An example of a composition of a reaction mix is given in Table 2. Mix the components in the proportion

indicated in Table 2.
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7.4 Quantitative detection

7.4.1 General

This real-time PCR based method shall enable quantification of specific amplicons for Legionella spp.
and/or L. pneumophila. It is recommended to perform the qPCR for Legionella spp. and L. pneumophila in
two separate PCR wells. This document does not describe a multiplex detection. A multiplex detection
(Legionella spp. and L. pneumophila in the same PCR well) is not applicable to the content of this

document

The speci
To ensure,

a) An eX
primg

b) APCR
genor

inhibjtor presence in the sample DNA extract (see 10.6). The amplification'of the PCR inhibit

contr

the target.

Regarding
(presence
is estimat
equation }

[t is necegq
primers u

The quant

In approa
of the DN/
character
to obtain

The ampl

cycles. Thiis number of cycles-shall not be less than the estimated value of the ordinate intercept (re

to 9.3) ing

IMPORTA
DNA extr]

ICity of the quantitative PCR shall be ensured by using specitic hybridization probe(s).
the quality of the quantitative detection, it is necessary to use a) and b).

ternal DNA standard range, i.e. L. pneumophila-calibrated DNA solutions, deriyed from
ry standard (see 10.2).

inhibition control, such as a calibrated solution of plasmid or oligonucleotide or L. pneumoph
e unit, co-amplified with the DNA from the sample. This approach shall\b€ used to reveal

bl will be detected using a specific probe designed with a different téporter than the probe

the detection (presence or absence) of the target, a result'shall be considered as a posit
of the target) when the C; value is lower than the C; valué<€orresponding to 1 GU. This C; va
ed (b) during the characterization and the validation-of the method (see 9.3.2) in the lin
= ax' +b.

sary to amplify the external calibrated standards and the inhibition control using the sa
ed to amplify the target sequences of the sample.

ity of the PCR inhibition control shall belower than 1 000 cDNA per reaction.

\ quantification method. This coficentration range shall be determined beforehand during
zation and the validation of the.method (9.3). The extracted DNA can, if necessary, be diluf
h concentration situated within this linear response area.

fication shall be performed with a real-time PCR thermocycler with a sufficient number

reased by 5.

NT — It is recommended, whenever possible, to carry out several tests using the sa
act. Repeating tests and obtaining a mean result improves accuracy.

Table 2 — Example of composition of the qPCR mix

he
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ny
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of
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me

Ches a) and b), quantification is performed by interpolation within the linear response range

he
ed

of
fer

me

|_-Reagents anllme_p,e_r_sam_p],e Einal concentration
Ml

BSA for PCR applications

0,4 ug/ul

Taq polymerasea

0,1U/ul

PCR buffer (Table 1)

1 x

dNTPs (Table 1)

400 nmol/1

MgClya (Table 1)

W kL |Ul| = ]| U1

According to the Tag DNA
polymerase requirements

Primer LpneuF (7.3.2.2) 1 200 nmol/1

PCR inhibit

ion control shall be added according to 9.6.

a2 The volume required depends on the concentration in the stock solutions and can vary with supplier.
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Table 2 (continued)

Reagents Volume per sample Final concentration
Ml
Primer LpneuR (Z.3.2.3) 1 200 nmol/1
Probe LpneuP (7.3.2.4) 1 200 nmol/1
Water for PCR applications make up to 40
PCR inhibition control shall be added according to 9.6.
a _The volume required depends on the concentration in the stock solutions and can vary with supplier.

7.4.2 PCR protocol

7.4.2.1 Overview

The thermocycler program in Table 3 is indicated as an example for the detection of L. pneumophila by
using the primers and probe sequences specified in 7.3.2.

Thijis program shall be adapted according to the model and the type-of the thermocycler and shall be
validated according to the requirements stated in Clause 9.

Table 3 — Example of temperature andtime program of PCR

Denaturing of DNA and activation of hot-start Taq palymerase 3 min at 95 °C
20sat95°C
DNA replication
60 sat60°C
Number of cycles 43a
a In this table, this number of cycle is determined as the intercept of the calibration func-
tion + 3 in order to be able to obseryethe amplification profil obtained for 1 GU.

Thle programme shall be set in such.a way that, during the DNA replication, the fluorescence|signals of
the L. pneumophila specific probe and'the PCR internal control specific probe are measured.

NOTE The duration of the hot=start step depends on the Tag DNA polymerase which is used for the qPCR and
is gtated on the product specijfication from the manufacturer.

7.4.2.2 General
The following approdch can be used for detection or quantification of amplicons.

Mdnitoring ofithe PCR is based on the measurement of a fluorescent signal due to hybridization of at
ledst one fluorescent labelled probe internal to the amplicon.

A Working calibration range (external) comprising at least four levels (for example, solution§ at 25 GU,
25pGU, 2 500 GU, and 25 000 GU of L. pneumophila per reaction tube) is prepared using the working
calibration solution (commercial solution or solution prepared according to Annex A). The first point of
the DNA range shall be equal to the quantification limit LQgpcRr.

The working calibration solution shall be connected to the legionella DNA primary standard (see 10.2).
An expiration date for this solution shall be set for the planned storage conditions and verified by
coupling to the primary standard.

At least once during each sample amplification series (same PCR reagent batches, same materials), this
working calibration range shall be analysed under the same conditions as that used for the samples.

The stability of the calibration within a series and/or the reuse of a diluted range shall be verified by
measuring the reference material upon each use of the thermocycler (see 10.3).
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7.4.2.3

Real-time quantification

Aside from the fact that real-time thermocyclers can detect amplification products in situ, they are
also particularly appropriate for quantitative PCR. The detection systems enable the limits associated
with the plateau effect to be circumvented by directly measuring the quantity of amplicon synthesized
during the exponential amplification phase. These processes involve extremely sensitive fluorescent
emission quantification and detection systems. The principle currently used for calibration is based on
quantification of specific amplicons using at least one internal fluorescent labelled probe. Quantification
is based on the determination the cycle threshold, Ct, inversely proportional to the decimal logarithm of
the number of genome units initially present in the reaction mix.

A method

Other ma

described| and its effect in terms of measurement precision shall be checked by compliance’ with

standard

7.5 Qualitative detection

In case of

The C; limlit value which shall be taken into account to determine the presence of the target (Legiond
pneumopHila or Legionella spp.) can be determined if standards cdrves with intercept values

available,
results ca

A PCRres
negative.

The qualitative interpretation may be acceptable for methods otherwise validated as quantitative
the labordtory itself or the supplier).

8 Expression of the results

Express t

L. pneumaphila per litre of sample {taking into account the filtered volume of water sample) to t

significan
EXAMPLE
EXAMPLE

For the exjpression ofthe results for qualitative detection, see Table 5.

14

for determining the C; is given as an example in Annex B.

hematical methods for determining C; can be used. In this case, the method used shall

Curve evaluation protocol (see 9.3).

qualitative detection, the use of an external calibration is not necessary.

an average intercept value (corresponding to Ct 1 GU defified in 7.4) can be used, above wh
h be considered as negative.

ult with a Cy value later than the C; value of the intercept b (see 9.3.4.1) shall be considered

he results according to Table 4 in number of genome units (GU) of Legionella spp. and

I figures.
1 12 312 GU/] of Legionella spp. is expressed as “12 000 GU/1 of Legionella spp.”

P 723 GU/I of L. pheumophila is expressed as “720 GU/I1 of L. pneumophila”.

be
he

lla
hre
ich

as

by

or
Wwo
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Table 4 — Expression of results for quantitative detection

Number DNA dilu- Reported result Comment
N GU/PCR well tion GU/I
N<1 1 < LD gpcrF Legionella? not detected
%4
d LD dF DNA dilution due to the presence of PCR inhibitors
qPCR Legionella?
<=7 egionella? not detected
%4
1< N < LQqpcr 1 LQ pc F Legionella? detected below the limit of quanltification
q
<
4
d LQ dF DNA dilution due to the presence.oPPCR inHibitors Le-
< qPCR gionella? detected below the limit'of quantification
%4
N >LQgpcr 1 NF Legionella2 quantitatively-detected
v
d NdF DNA dilution due.te’the presence of PCR inhlibitors
KR Legionella? quantitatively detected
N>C 0 CF Legionellagddetected above the limit of quangificationb
> —_—
|4
d CdF DNA dilution due to the presence of PCR inhlibitors Le-
- gionella2 detected above the limit of quantifficationb
where
N is the average number of GU/PCR well;

LOgpcr is the limit of detection determingd according to 9.5;

LQqpcr is the limit of quantificationdetermined according to 9.4;

C is the upper value of the ealibration range determined according to 9.3;
F is the conversion factor)(No. of genome units per well to No. of genome units per test portion));
d is the DNA dilutien factor;
%4

is the volume fimlitres, of sample filtered.

a Accordingto-the target, specify Legionella spp. or L. pneumophila.

b In this €ase, the quantification can be obtained after DNA dilution.
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Table 5 — Expression of results for qualitative detection

Number DNA Reported result Comment
N dilution GU/1
GU/PCR
well
N<1 1 < LD gpcrF Legionella? not detected
%4
d LD pcrdF ENA dilution due to the presence of PCR inhib-
) |4 }:e\z:éioonellaa not detected
N> =1 1 Legionella2 detected
d Legionella? detected
where
N is the average number of GU/PCR well;
LDgpcr is the limit of detection determined according to 9.5;
H is the conversion factor (No. of genome units per well to No. of genome units per test
plortion);
d is the DNA dilution factor;
1% is the volume, in litres, of sample filtered.
a According to the PCR system, specify Legionella spp.or'L. pneumophila.
b

In this case, the quantification can be obtained after DNA dilution.

9 Technical protocol for the characterization and the validation of the method

9.1 General

The techniical criteria and requirements described in this clause shall be used for the characterizat
and for the validation (internal/third party or primary/secondary) of any newly designed or modif
methods (e.g. change in PCR kit, change'in the purification method, change in the composition of the ki

Any protdcol for routine application shall have been validated according to the requirements detai
in Clause 9.

For third|party validated-commercial methods that fulfil the requirements given in Clause 9,
manufactyirer's instructions shall be accurately followed.

For primgry validation, all requirements stated in Clause 9 are applicable. For method verificati
(secondarly validation), simplified requirements shall be used for the validation of the corr
implementation(in the laboratory of any third party fully validated method, as specified in Annex G.
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ed
[s).

ed

raciiimayanmto dacosslad 100 Clos o Q Ay
T c

L b t & ot g Ay Ao lab oty dotaotioy choll £016:1 41 o <
a Ora Oru.o uollls Ulll_y HMQIILGLIV\- UCLLTUUTIVUIT ST1IdIT TUITII LI 1\.\.1u11 CITICTIITO UL OLITUC

9.3 and 9.4

9.2 Inclusivity and exclusivity of probes and primers

o
T TaoSC— 7 CTATC

Primers and probes used shall provide the expected results for the following species and serogroups

that have all been isolated in environment or from human clinical case.

Inclusivity and exclusivity tests shall be performed on all species listed below. DNA extracts should
be obtained in part from WDCM and/or national collection strains and in part from environmental
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strains. All the environmental strains analysed as part of this validation shall be documented including
the alternative method used to identify the strain as Legionella.

— Inclusivity tests are carried out on DNA extracts containing about 100 GU/PCR well. This spiking
dose avoids false-positive result.

— Exclusivity tests are carried out on DNA extracts containing at least 10 000 GU/well. This spiking
dose avoids false-negative result.

Bacteria suspension concentrations can be estimated using the optical density of the suspension at
600 nm. (An optical density of 0,5 at 600 nm corresponds to 109 CFU/ml).

— | Inclusivity list (microorganisms to test for a Legionella spp. method): L. anisa (e.g. WBCM 00106), ,
L. birminghamensis, L. bozemanii 1 and 2, L. cherrii, L. cincinnatiensis (e.g. CIP 103875) , L. dumoffii,
L. erythra 2, L. feeleii 1 and 2, L. gormanii, L. hackeliae serogroupl (e.g. CIP 103844)-and sejrogroup 2,
L. jordanis, L. lansingensis (e.g. ATCC 43751), L. longbeachae 1 and 2, L. maceachernii, L{ micdadei
(e.g ATCC 33218), L. oackridgensis, L. parisiensis (e.g. CIP 103847), L. pnéumophila serpgroups 1
to 15 (e.g. Legionella pneumophila serogroup 1 WDCM 00107; Legionella prnieumophila sefogroup 6
ATCC 33215), L. sainthelensi 1 and 2, L. tucsonensis, L. wadsworthii (e.g~CIP 103886).

— | Inclusivity list (microorganisms to test for a L. pneumophila method): 15 serogroups| from the
species.

— | Exclusivity list (tested microorganisms recognized as notbelonging to Legionella genus anfl /or being
phylogenetically close). At least the following list shallbe‘tested: Aeromonas hydrophila, Alcaligenes
faecalis (e.g. CIP 60.80), Bacillus subtilis (e.g. CCM 1999), Burkholderia cepacia, Clostridium spp.,
Enterobacter aerogenes, Escherichia coli (e.g. WDCM:00003), Flavobacterium spp., Klebsiella oxytoca
(e.g. WDCM 00179), Listeria monocytogenes (e.g.WDCM 00109 or WDCM 00020), Proteus vulgaris,
Pseudomonas aeruginosa, Pseudomonas fluorescens, Pseudomonas putida, Serratia mlarcescens,
Stenotrophomonas maltophila.

—| Exclusivity list (tested microorganisms recognized as not belonging to L. pneumophilq species):
L. anisa (e.g. WDCM 00106), L. bozémanii, L. dunmofii, L. gormanii, L. jordanis, L. longbeachae,
L. micdade (e.g. ATCC 33218)i, L..pavisiensis (e.g. CIP 103847), L. tucsonensis.

All the strains analysed as part of this validation shall be documented including the alternatiye method
used to identify the strain as Legionella.

9.3 Verification of the calibration function of the quantitative PCR phase

9.3.1 General

Calibration cannot easily be applied to the entire method. Only calibration of quantification by real-
tirIIe PCR (6n)a DNA range) is described hereafter. This does not exclude the possibility of applying the
safne calibration function characterization rules to the entire method, i.e. artificially confaminated
water'samples.

The calibration function shall be done with both PCR systems, 1.e. Legionella spp. and L. pneumophila.

For statistical analysis, the concentrations of genome units per PCR well are expressed as decimal
logarithms.

9.3.2 Calibration curve verification principle

Experience has shown that the means of C; measurements obtained for different levels of genome
unit quantities (expressed as decimal logarithms) can be represented according to a linear regression
model, i.e. by a linear formula such as y = ax’ + b.
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When the line parameters have been determined, it is then possible, by using the formula of this line, to
calculate the number of legionella genome units present in the sample corresponding to a particular C;
measurement.

The parameters of the calibration curve are initially determined by following the evaluation protocol
described in 9.3.3. A statistical analysis (see 9.3.4) is then performed in order to:

a) determine the formula for the line (see 9.3.4.1);

b) verify the linear regression model (see 9.3.4.3).

9.3.3 C:lllibration curve evaluation protocol

The evaluption of the calibration features shall be performed under intermediate precision ¢onditigns
(at least op different days and/or with different operators) (e.g. one range per day for 5 d),

Prepare 4 range of p levels of concentrations of L. pneumophila genome units [preferably prepared
from the primary standard and, in any case, prepared from L. pneumophila (WDEM 00107)], p bejng
at least equal to 4, for example, 25, 250, 2 500, 25 000 genome units of L. pneymophila per PCR well.
The first point in the range shall be equal to the limit of quantification (see 9.4])."At each level perform k
repetitionfs of the measurement, k being at least equal to 5. Record the obtained y;; values according to
the example given in Table 6.

Perform the calculations as indicated in Table 6.

Table 6 — Formatting of results and\calculations

Level x; x1 = LQpcr x2=10LQpcr | x3=100LQpeR" | x4 =1000 LQpcr Xp Totals
x; =logloX; Xq X2 X3 Xy Xp
Yij Y11 Y21 V3.1 Va1 Yp1
(k repetitions) Y1,2 V2,2 V3,2 Y42 Yp,2
Y1k Y2,k Y3,k Y4k Ypk
k T1 T T3 Ty Tp p
T; :ZYi,j Tg :ZT
j=1 i=1
I m1 my m3 ma mp
_ i
m; =1—
k
x;T £{F x,T. xaT. x,T, x.T,. b
i {1 212 313 41y p'p inTi
i=1
x; is the numbenofL. pneumophila genome units per PCR well (the values of x; levels are given as examples);
x; is the 1qgarithm of x;;
Vij is the Cyvalue measurementatleveli (i=1..p)androw; (j=1..k);
k is the number of repetitions per level i (k2 5);
p is the number of levels (P = 4).

Calculate the total number of measurements noted N according to Formula (1):

N=k, 1)

See Annex C for a full calculation example.
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9.3.4 Analysis of the results

9.3.4.1 Estimation of the regression curve

The regression curve is given by Formula (2):

y=Uc, =ax +b

where M, is the average C; value.

(2)

Pld
ald

P
by

—

an

Th

p

—

tthe points with coordinates (xq, m1), (x,, mp) onagraph in order to visually verify théib
ng the curve. If this examination is satisfactory, proceed to Formulae (3) and (4):

p
in =k(x1 +Xy+X3+Xyt+...+X )

i the covariance of Xy, 0,4, by Formula (6):

Y xT, (ZX;TG /N]

Txy = N-1

e estimation of the slope_a is given by Formula (7):
Ox'y

a=
Vx’i

pceed to thefollowing calculations in order to fix the intercept point b.

p
i=1
p ’ ’ ’ ’ ’ ’
xl-2 :k(xl2 +x22 +x32 +x42 +...+xp2)
i=1
pceed to the following calculations in order to determine the’slope a. The variance of x;- Vi
Formula (5):
/2 ’ 2
ZXI' - (ZX,- ) /N
V. =
Xj N-1

alignment

3

(4)

is given

(5)

(6)

(7)
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The curve passes through the average point whose coordinates are, on the abscissa

- XX
X'=——
N

and on the ordinate

_ T
y=-2
N
Consequerttty;
y= a'+b
and therefore
_|— T '
b=y--ax'=—G—az—X
N N
9.3.4.2 [Estimate and verification of the efficiency
Efficiency|assesses the yield of the PCR reaction.
Efficiency] e, is calculated using Formula (8):

e:(1a‘1/“ —1)><100

Efficiencyj
between -
on all thd
acceptand

If a is outd

9.3.4.3

The linea
curve (cri

Elin nS

where Ejjj

To do this

shall have a value between 75 % and 125:%% Consequently, the value of the slope, g, shall
4,115 and -2,839. This range of acceptable’slopes is large enough to include all qPCR syste
rmocyclers. For a defined qPCR systéin’ on one thermocycler used in routine, the limit
e should be estimated as any quality control using a statistical study or quality chart.

ide the range, the amplification system shall not be validated.

Verification of the linear.regression performance

 regression shall satisfy the following accuracy requirement for each level of the standj
feria that include-the’bias and the precision) as shown in Formula (9):

0,15

is thesaccuracy of linearity, expressed as a decimal logarithm.

proceed to the calculations given in Table 7.

(8)

be
ms
of

rd

(9)

If E1in; < 0,15, whatever the level of i, the linearity is then verified for the whole domain.

If one of the Ejjp; values is above the critical value of 0,15loggunit, the model shall not be validated.

NOTE

Examination of the bias values and standard deviations shows whether the model error is caused by a

precision issue (S;- too high) or a bias issue ( x'; — x; .too high).

20
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Table 7 — Bias, precision, accuracy and uncertainty of linearity calculations

Estimated x; level X1 X2 X3 X4 Xp
Theoretical x’; x1 x'7 x'3 X4 Xy
x';,j x'11 x21 x31 X'41 X'p1
x'1,2 x2,2 x'32 X's2 x'p2
x'1,3 x2,3 X33 x's,3 x'p3
x'1,4 x"2,4 X34 X's4 X'pa
X1k X2k X3k X4k X'p k
—1 Zx'. ’ ’ ’ ’ ’
x| =24 X'y X2 X3 X4 Xp
k
Bips, x’; —x’; X'y —x4 X'5—x' X'3—x3 XX’y k' —X's
/ 7 / ! 4
s s s s s
] . 5 1 2 3 4 p
2 r2
i || x| f
| 4l j=t k=1
Si =
k-1
2 Elin1 Elin2 Elin3 Elin4 Elinp
’ 2 ’ ’
E'ni: Si +(Xl Xi)
Uljni = Elinitk - 2 Ulin1 Uiin2 Ulin3 Ulina Ulinp
Thieoretically
X't is the value calculated using the following formula: x’; = log x';;
X' is the value calculated using the standard carve from the measurement value y; ;;
x’ is the average of x’; ;
s’ is the standard deviation of values x’,-,j with k - 1 degrees of freedom;
Elih is the accuracy of linearity;
Ulih is the expanded uncertainty of linearity;
tkp is the value given by the Student table for k - 2 degrees of freedom at a risk of 5 % (see Annex D).
9.3.5 Use of the calibration curve
Fol each measuremient y = C; of a sample, use the standard curve formula, as shown in Formyla (10), to
obtain x' by invéerse calibration:
=<b
X=2 (10)
a
where'k values of x” are obtained if k separate measurements of the same sample are taken.

Calculate the average of x' (x’) and the associated standard deviations, according to the formula

specified in Table 7.

NOTE
measurement is greater than the uncertainty estimated during the initial method characterization.

By antilog transformation, express the result as x GU/litre as per Formula (11):

x=10%

© IS0 2019 - All rights reserved
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9.4 Verification of the PCR limit of quantification, LQqpcr

9.4.1 Principle

The lowest acceptable limit of quantification is 25 GU (1,40logiounit) due to the sampling distribution
(Poisson distribution) over all the tests performed on the sample.

The limit of quantification shall correspond to the first level of the calibration range.

The quantification limit is verified if the lack of accuracy at the quantification limit, E1q, is less than or

equal to t IC CI xtu,a} va}uc Uf G,lslusluuult.
NOTE The 0,15logipunit value comes from experimental data.
9.4.2 Experimental design
Prepare kfseparate dilutions (k > 10) at the targeted LQqpcr value from a DNA solutionofL. pneumophila
derived fjom the primary standard (see 10.2). Quantify each dilution accordingtto usual laboratory
protocol (single, duplicate or triplicate) under these intermediate precision_conditions (at least|on
different days and/or by different operators). The targeted LQqgpcr value may-not be less than 25 GU for
a single measurement, 15 GU for duplicate and 10 GU for triplicate measurements.
9.4.3 Analysis of results
Calculate |the standard deviation for the x’; values obtained\via inverse calibration from th¢ k
measurenients as shown in Formula (12):
4 2 ud 2 i
— ’
|| 2|
JF1 k=1
s= |2
1 (12)
where
x'; idthe decimal logarithm of the humber of genome units of L. pneumophila, calculated by invefse
calibration, from the C; valuées and the calibration curve formula;
k  igthe number of measurements.
Calculate the bias using®ormula (13):
x'; =1lpg1o (x) (13)
where x if the theoretical value of the targeted LQqpcRr.
Calculate the accuracy at the limit of quantification, E1,q, using Formula (14):
2 ; 2
Eiq=ys +[x i —loglo(x)} (14)

22
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where

ELq is the accuracy at the limit of quantification;
s isthe standard deviation of the x'; values obtained from the k measurements.

If E g < 0,15 the targeted limit of quantification is verified. Otherwise look for the causes (values too
low, outliers, etc.).

Calculate the uncertainty at the limit of quantification (ULq) using Formula (15):

Urq =ELqttab (15)

wlHere

ULq is the uncertainty at the limit of quantification;
trap is the Student table value (at 5 % risk, for k - 1 degrees of freedem).

An| example of LQqpcr verification for a targeted LQpcr at 25 GU, with 10 measurements, is given
in [fable 8.

Table 8 — Example of LQgp¢r verification

Test No. X'
1 1,498
2 1,577
3 1,461
4 1,48
S 1,515
6 1,531
7 1,442
8 1,422
9 1,547
10 1,499
X 1,497
Bias 0,099
S 0,048
ELq 0,110
Urq 0.249

In the example in Table 8 E1,g = 0,11, therefore Epq < 0,15, and the limit of quantification at 25 GU is
validated.

9.4.4 Theoretical limit of quantification of the whole method

The theoretical LQ of the method or LQumeth (expressed in genome units per litre) is obtained using

Formula (16):

LQper F
LQ peth :% (16)
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where

F isaconversion factor of No. of genome units per well to No. of genome units per litre;
V' is the filtered volume of sample.

NOTE This LQmeth does not take into account the recovery inherent to the preparatory phases.

9.5 Verifi

The limit ¢f detection corresponds to the smallest number of genome units that provides a PCR(positjve
result at the 90 % threshold.

Check thaf at least 90 % of the results for the targeted LDqpcr value are positive (e.g. 5 GU/PCR well) so
as to limif the number of tests. Take at least 10 measurements for the chosen LDgpcr{rem 10 separpte
dilutions prepared from a DNA solution of L. pneumophila connected to the primarystandard (see 10|2).

9.6 Redovery method

9.6.1 Principle

The recovery study shall be carried out on DNAse/RNAse free water Samples (without Legionella DNA)
that have peen artificially contaminated with dilutions of a mother suspension formed from a strain of
L. pneumaophila (WDCM 00107).

At least ffwo spiked levels (dilutions) shall be tested, corresponding, for example, to 1 000 GU/I
and 100 0P0 GU/1. These two levels shall come from different replicate serial dilutions derived from the
same mother suspension.

For each I¢vel of concentration, at least 10 separate spiked samples with volumes between 100 ml and{1 |
shall be anjalysed under intermediate precision.conditions (over several days, by several technicians, eul|c.).

Calculate |the recovery by logarithm difference. Recovery shall have a value between -0,6logiounit

and +0,3lagiounit.

9.6.2 Protocol

a series of tests; Create a mother suspension from colonies of L. pneumophila (WDCM 00107),
then aseptically inoculate)the L. pneumophila colonies (e.g. five), that are less than 72 h old, in a tybe
2 ml of tr{ptone salt in order to obtain a mother suspension that theoretically contajns

600 nm=An optical density of 0,5 at 600 nm corresponds to a Legionella spp. concentratior of

Measure the-eonecentration-of genometn r-the-meth HSpenrsionby r-three
of the mother suspension: simultaneously apply the lysis protocol of the method (lysis solution and
physical conditions such as temperature, time, shaking) to three test portions of the mother suspension.
The minimum test portion volume is 100 pl introduced into the normal volume of lysis solution (the
ratio between the volume of the lysis solution and the test portion volume shall be at least 3). At the
end of the lysis, the three unpurified DNA extracts thus obtained shall be, if necessary, diluted so as to
remove any lysis reagent-associated PCR inhibition and then, quantified by PCR.

Another way to make suspensions of Legionella pneumophila bacteria for recovery experiments is to
use commercially available reference materials with a certified amount (expressed in GU) of Legionella
pneumophila.

Calculate the average value, 4, expressed in decimal logarithm of GU/ml, from the three logarithmic
values obtained. This A4 value acts as a reference for the recovery calculation.
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Simultaneously create spiked suspensions, from the mother suspension, so as to obtain the targeted
concentration levels, i.e. prepare a range of dilutions from the mother suspension (e.g. 10-1, 10-2, 10-3,
10-4, and 10-5 designated d1, dz, d3, d4, and ds, respectively). The serial dilutions shall be carried out at
10-1in tryptone salt at 9 ml tryptone salt to 1 ml bacterial suspension. Each tube shall be homogenized
by mechanical shaking (approximately 10 s). The dilution levels 10-3 (d3) and 10-5 (ds) correspond,
respectively, to approximately 106 GU/ml and 104 GU/ml. Prepare two spiked samples by inoculating
a minimum volume of 100 pl (designated Vpe), of the two chosen dilutions, e.g. d3 or ds, enabling the
respective quantities of 105 GU and 103 GU to be obtained in the filtered volume (0,1 I to 1 1), in this
case. The two spiked samples thus obtained (two different levels) shall follow the full measurement
protocol (filtration, extraction, and measurement) and shall lead to results B, expressed as a decimal
lodarithm per sample.

Thee PCR quantification of the mother suspension and the spiked samples shall be carried put on the
safne day, in the same amplification series.

9.6.3 Calculations
Thi recovery calculation for a sample is obtained by Formula (17):
1000

logi9gn, =B—-A+D+logq, (17)
pe
where

log1onx is the decimal logarithm of recovery for sample x;

A is the reference value for the concentration of the mother suspension, expressed ag a decimal
logarithm of the number of genome units per millilitre;

Vpe is the volume of the spiking suspension, in microlitres, ul;

B is the value measured from'the spiked sample, expressed as a decimal logarithm of the
number of genome units per sample;

D is the decimal logarithm of the dilution factor between the mother suspensidn and the

spiked suspensignye.g. D is 3 for a 10-3 dilution.

The procedure described“above shall be carried out at least 10 times for each spiked lgvel under
intermediate precision‘conditions (at least on different days and/or by different operators)] Calculate
the¢ average recoveryrand its standard deviation from the 10 individual recovery values obtained.

Th average recovery per level shall have a value between -0,6log1gunit and +0,3logigunit. These values
mdy be the fifstvalues used for the introduction of control charts.

If the value obtained is not within the expected limits, the causes shall be investigated.

Se¢ example in Annex E.

9.7 Robustness

In this instance, robustness is determined through the characterization of the matrix effect. Recovery
shall not be substantially affected by the type of matrix to be analysed.

To perform this, estimate for each type of matrix the recovery (e.g. cooling tower water, potable water,
surface water, waste water) and follow over time (optional control charts). Follow the protocol described
in 9.6, by replacing the sterile water with the L. pneumophila free matrix (the minimum filtered volume
shall be 100 ml). The acceptable limits are the same as those in 9.6.
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9.8 Measurement uncertainty of the whole method

The uncertainty measurement of the whole method encompasses both accuracy and intermediate
precision.

The approach described in this document is based on the analysis of the recovery values.

The bias is estimated by the average recovery value for all the matrices (9.6 and 9.7). The precision is
estimated through the recovery variance, using all the values obtained during the initial validation of
the method (9.6), the robustness study (9.7), and the monitoring of recovery over time (10.4).

Only the [lysis recovery is not included in the uncertainty evaluation. It is recommended that, the
laboratory lysis protocol be compared with different commercial lysis protocols in order to cheek'the
lack of bials of this stage.

A recoverly measurement is obtained from two PCR measurements (global method anddirect lysjs).
The uncertainty evaluation is therefore overestimated.

Proceed tp the calculations stated in Table 9 (see example in Table F.1, Annex F).

Table 9 — Calculation of uncertainty from recovery values

Sample No. Matrix Level tested Sample recovery
x=1..n Sterile water Level 1 (e.g. 1 000 GU/1) Nx
where n igthe Level 2
total number of eve
samples fqr all Hot sanitary water |Level 1
matrices gnd all Level 2
levels togdther
Air cooling water Level 1
Level 2
etc. Level 1
Level 2
Average r¢covery (1; ) C
X an
x=1
n
Variance (f2) 2
n 9 n
2| X | fn
x=1 x=1
S =
n—-1
Overall expandedtuncertainty, Ugpyerall —
| 2
Uoverall =2X\Mx +s

Another estimation of the uncertainty is possible with an interlaboratory study; see Annex H.

10 Quality controls

10.1 General

Quality controls ensure trueness and precision of measurements carried out by a laboratory. The stated
frequencies of the controls are the minimum frequencies required when routinely setting up these
techniques. The accumulation of results can allow these frequencies to be modified.

In case of qualitative detection, all the quality controls have to be performed except those described in
10.2 and 10.3.

26 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=b084ce1ec479da7c157e82eaccfc5a19

ISO/TS 12869

:2019(E)

10.2 Connecting the calibration solution and the reference material to the primary
standard

10
Th

a)
b)

.2.1 Principle
e trueness of the real-time PCR measurement is ensured by three levels of standards:
a primary standard;

working calibration solutions used with each amplification series;

c) | a reference material connected to the primary standard, used without dilution as alll external

quantitative quality control (see 10.3).

The working calibration solutions (whether or not supplied in a commercial kit).'shall be
to the primary standard at least once a year. Moreover, the manufacturer of the(¢commercial
degigning laboratory shall perform this connection while implementing any ehange to the g

SO

Th

tions.

e reference material shall be connected to the primary standard and stored aliquoted under

conditions ensuring its homogeneity and stability. A reference materiaD[L. pneumophila (WD(

DN
thg

10

To
std

A solution] connected to a primary standard, which shall be used without dilution, is avai
French national legionella reference centre.

2.2 Protocol

perform the connection, the working calibration, solution shall be calibrated with th
ndard as follows.

From the working calibration solution to be connected, prepare at least three independent rg

fou
for
twi
in

10
a)

analysing the PCR blank. Perform the«same with the primary standard. The target levelj
p solutions shall be equivalent. Theseitwo series of three independent DNA ranges shall bg
rhe same PCR series.

2.3 Data analysis
Verification of the equivalence of the slopes (PCR efficiency).

By linear regression, establish the calibration function using the values obtained for th
standard caljbration range (called the reference range). Verify that the slope a lies betwe
and -2,839)cerresponding to amplification efficiency with a value between 75 % a
(see 10.3):

By reverse calibration, recalculate the decimal logarithm genome unit values with the
obtained, using the calibration function, for each level of the working calibration range

ronnected
kit or the
alibration

validated
M 00107)
able from

b primary

nges with

r levels (minimum) by serial dilutions, covering the linear quantification range, in the solyition used

for these
e analysed

g primary
en -4,115
nd 125 %

Cy values
. For each

tevel, calculate the deviation between the expected value and the recalculated value. Calculate the

b)

absolute value of the difference of the deviations at the highest point and lowest point of the range.

If this value is greater than 0,20 the slopes and therefore the efficiencies are not e
Connection is not possible.

quivalent.

[f this value is less than or equal to 0,20 the slopes and therefore the efficiencies are equivalent.

Readjustment of the working calibration solution.
If the slopes are equivalent, calculate the mean of the deviations.

If the absolute value of this mean is greater than 0,20 make another precise calibratio
(zero bias) by dilution from the stock solution.

© IS0 2019 - All rights reserved
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Otherwise, no correction is necessary. Connection has been achieved.

Proceed in the same way to evaluate the value of the reference material or use the reference
material available from a national legionella reference centre.

An example of connection of the working calibration solution to the primary standard is given in
Table 10.

Table 10 — Example of connection of the working calibration solution to the primary standard

—Reference range
Level tefted Obtained C;s (cycles)
Logi1o(¢U)
Log10(25) 33,33 3490 | 34,68
Log10(250 31,64 31,05 31,18

Log10(2 500) 2792 | 2799 | 27,80
Logi0(25 000) | 24,64 | 2471 | 24,60

Slope -3,31
Intercept point 39,10
Calibration solution
Estimaged Obtained C;s (cycles) Mean C¢ per | Quantity found | Calibration error per level
leve level per level
Log10(¢U)
Logi10(25) 34,55 34,34 34,62 34,50 1,39 -0,01
Log10(250 31,07 30,92 30,80 30,93 2,47 0,07
Log10(2 500) 27,02 27,70 27,73 27,48 3,51 0,11
Log10(25 (i)OO) 24,23 24,49 24,52 2442 4,43 0,03
Mean calibration error 0,05

c) Verifiration of the equivalence of the slopes (PCR efficiency):

|calibifation error [log19(25 000)<tog10(25)]I =10,03 - (-0,01)| = 0,04 < 0,20

The slopes of the two ranges'are equivalent; verification of the calibration can be performed.
d) Readjustment of the working calibration solution.

The mean calibration error is less than 0,20log1g, no calibration correction is necessary for the
calibrjation solition.

NOTE Connection of the calibration solution cannot be extrapolated below or above the rapge
establrshed with the primary standard solution.

10.3 Monitoring of the performances

10.3.1 Calibration performances

The following shall be monitored:

— the values of the slopes for calibration curves (control charts);

— the value of the reference material (quantified by reverse calibration).

The calculated value shall correspond to the reference value +0,4 logjpunit.
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This control, expressed as a decimal logarithm of genome units, shall be monitored over time
(control chart).

10.3.2 Monitoring of the performances at the limit of quantification

For each calibration: deviation from the model at the first calibration range point (LQpcr) shall be
monitored. The absolute value of the deviation shall be less than 2 x 0,15. Laboratories may tighten the
limits set by increasing the number of range points.

10 . .
As|a positive control, carry out an assessment of the recovery at least once a month accordt’ng to 9.6.

Thiis quantitative positive control is used to monitor over time (using for example control charts) the
re¢overy of the method, initially determined during the performance evaluation phase’(see 9/6).

A njegative control of the method is performed by following the complete procedure on a sample volume
frdm 100 ml to 11 of legionella DNA-free sterile water. This control shall be carried out after gach series
of filtrations. The negative control sample shall be the last sample following filtration of alll the other
saples in the series. The negative control of the method is used to monitor the whole progess (from
filyration to extraction to qPCR).

Fol methods that have been fully validated by a third party, the‘manufacturer’s instructions shall be
thoroughly followed for the interpretation of the positive or negative controls and NTC (see 1{0.5).

In case of qualitative detection, the positive control is aisample spiked with a Legionella pneumophila
suspension without any requirement of quantification.

10.5 No template control (NTC)

For each run of sample PCR amplifications, prepare a NTC to verify that there is no DNA conthmination
dufring PCR.

The negative control (10.4) can be.used for that purpose. Nevertheless, the preparation ¢f a blank
sp¢cifically for the PCR step can be used to detect contaminations at this stage. This shquld avoid
unpecessary investigation of the entire method if results are positive.

A positive blank indicates eontamination and requires special validation of the test.

A NTC with a C; value greater than the C; value of the intercept point shall not be considered afs positive.
10.6 Inhibition control

10{6.1 General

It i essential that the presence of PCR inhibitors in the DNA extract be assessed.

An-mtibitiorr controt statt-beaddedtothe sampteextract—This inhibitior controtiseither-the target
itself (see 10.6.2), or a plasmid or an oligonucleotide (see 10.6.3).

10.6.2 The inhibition control is the target

Test at least one well with the extract from the samplelll, one well with the PCR inhibition control
alonel2] and one well with the sample extract and the PCR inhibition controll3].

The PCR curve of the inhibition control is the curve obtained with the reaction mix (6.5.2) into which a
known quantity of target DNA has been added.

The test of the presence of inhibitors consists in comparing the curve of the spiked sample extract[3]
with that of the controll2].

© IS0 2019 - All rights reserved 29


https://standardsiso.com/api/?name=b084ce1ec479da7c157e82eaccfc5a19

ISO/TS 12869:2019(E)

If the slopes are not parallel, there is possible inhibition. Dilute the sample DNA extract to confirm
inhibition.

If the slopes in the exponential phase of the curves (i.e. the slopes of the tangents to the Cy) are parallel,
then perform interpretation according to Table 11.

Table 11 — Interpretation of the inhibition control when the control is the target

Sample extract (1) | Control (2) | Sample extract + control (3) Interpretation
compared with control (2)
dc1 Ct.2 Ct3<ZCi2 Presence of Legionella spp. or L. pneu]
mophila DNA
di1 Ct,2 Ct,3> Ct2 Inhibition, sample DNA extractto be

diluted until coherent C; values‘are
obtained with added dose

No amplification Ci,2 Ct3=Ci2 No Legionella spp. or\L. pneumophila
DNA at the detectjon threshold of the
method

No amplification Ct,2 Ct3> Ci2 Inhibition, DNAextract from sample fo

be dilutedunitil coherent C; values arg
obtained‘with added dose

Ci,1 Cycle threshold in the well with sample extract only.
Ct2 Cycle fhreshold in the well with the control only.
Ct,3 Cycle fhreshold in the well with both sample extract and the control.

10.6.3 The inhibition control is either a plasmid or an'oligonucleotide

The inhibjtion control is either a plasmid or an oligonucleotide possessing sequences complementary
to primer used to amplify the Legionella spp. or L.-pneumophila target. It is thus coamplified with the
target. Table 12 provides the qualitative interpretation of the inhibition control results.

Analysis df diluted DNA is required if DNA putrification is not correct depending on inhibition.

Table 12 — Interpretation of the\inhibition control when this control is a plasmid or an

oligonucleotide
Mpltiplex amplification
Specifiq Legionel- Inhibition con- Interpretation
la spp. or|L. pneumo-
. trol
phila s¢quence
L+ Complying Legionella spp. or L. pneumophila DNA present
-+ Not complyinga |Legionella spp. or L. pneumophila DNA present

Partial inhibition or competition, the sample DNA extract shall be
diluted until a positive inhibition control is obtained.

- Complying No Legionella spp. or L. pneumophila DNA at the detection limit of
the method

- Not complyinga |Inhibition, DNA extract from sample to be diluted until a positive
internal control is obtained.

a  The inhibition control (IC) is not compliant if its C; value or its slope is significantly different from those observed on
the sample inhibition control amplified within the nearest point of the calibration range. A drift of C; is considered as
significant if the Ct value of the IC does not fall into the p. #3s. interval (where u. and s. are, respectively, the

average and the standard deviation of C; values of internal inhibition controls of the different calibration range solutions).

For a third party fully validated method, manufacturer’s instructions shall be thoroughly followed.
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11 Test report

The test report shall contain at least the following information:

a) the test method used, together with a reference to this document, i.e. ISO/TS 12869:2019;
b) all the information required to identify and describe the sample;

c) sampling date and conditions;

d) the analysis date;

e) | the filtered volume of the sample;
f) | the results expressed as described in Clause 8;

g)| atreatment after 24 h of sampling ou any details not included in this document that may have an
effect on the results.
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Annex A
(informative)

Example of protocol for producing a quantitative standard DNA

A culture
(WDCM 0

The optic

density vqlue of 0,5 = 0,1.

The DNA is extracted according to the laboratory’s protocol.

After pur

The ratio
be betwe
than 1,7 s
is overest

Also, it is

a semiquantitative marker.

The concentration of DNA solution (purified), in micrograms per litre, is obtained by Formula (A.1):

[ DNA

where

[DNA
A(26(
The DNA

concentraltion of 688\000 fg/5 pl).

10-1 dilut
DNA solut

32

solution

0107) isolated on the selective medium.

h] density is measured at 600 nm. The exponential growth phase is obtained féryan opti

of the optical density obtained at 260 nm to the optical density obtained at 280 nm sho
en 1,7 and 2,0 to show the quality of the extracted DNA. An optical density ratio 1
hows unsatisfactory purity of the extracted DNA and above 2,0 indicates the quantity of D
mated due to traces of RNA: the RNase action was nigt.complete.

bossible to check the quality and quantity of DNA.by an electrophoretic migration in gel wj

A(260
20
is the concentratipn of DNA solution (purified) expressed in milligrams per millilitre;
) is the optical density measured at 260 nm.

extract is diduted to obtain the highest point in the range (e.g. 160 000 GU/ 5 pl, i.e.a D

ons down to the LQ value are prepared.

io11s is stored at -20 °C.

is prepared in a liquid medium (BCYE) at 37 °C + 2 °C from a colony of L. pneumaphila

ical

fication of the DNA and treatment with RNase (to degrade the residual RNA), the quantity
and qualitly of the L. pneumophila DNA is measured. These are obtained by reading the optical density
260 nm anpd 280 nm.

rat

h11d
PSS
NA

ith

1)

NA
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Annex B
(informative)

Example of method for determining the cycle threshold

Real-time PCR monitoring is carried out by reading fluorescent emission at each cycle. This signal is
difectly proportional to the number of genome units present in the reaction well. Background noise is
exteeded after a number of cycles (corresponding to the C;) which depends upon the initialhumber of
genome units.

The quantification of unknown samples is obtained by using the C; of the samplé-and the dalibration
function.

In the following example, the range points are 30 GU, 300 GU, 3 000 GU, and®30 000 GU in the PCR wells.

For example, at the end of PCR, the profiles below can be obtained (see Figure B.1).
Y
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]
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A,
.
o

S
N

-20

0246810114118 122126130134 138142146150
12 16 20 24 28 32 36 40 44 48 52

X
Key
X | cycle

Y | PCR baselinesubtracted RFU

NOTE In'this example the slope is -3,26 and the intercept 39,1.

Figure B.1 — Profiles obtained

The data are reprocessed using the calibration range. To do this, determine the range of cycles during
which the fluorescence measurement does not exceed the background noise (in this example, the first
22 cycles) and the position of the threshold on the fluorescence scale (in this example, at value 6) at the
bottom of the exponential cycle and above the background noise.

C; corresponds to the value of the abscissa of the intersection point of the fluorescence curve and the
threshold. This corresponds to a number of cycles.
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The function

Ct = f(log1onigu)

where niGU is the initial number of genome units, can be determined from the Ct of the range points.

Formula (B.1) is obtained by linear regression (see also 9.3.4.1):

y=ax"+b (B.1)
where

y igthe C;value;

a igthe slope of the calibration curve from which PCR efficiency e is calculated;

b  igthe intercept point (theoretical C; corresponding to one genome unit, Cy £gu);

x" i9logionigu where njgy (njgu = 10[x1) is the initial number of genome umits:

x'=(y-b)/a (B.2)

34
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Example of a study of the quantitative PCR phase calibration
function

C.

Table of data and calculations

Thi calculations presented in this example were rounded off to facilitate the presentation of the data.

In practice, the calculations shall be carried out without rounding off the values.

Se¢ Table C.1.
Table C.1 — Data and calculations
Level x; 30 300 3000 30000 Sums
X'1|= log1ox; 1,48 2,48 3,48 4,48
yi} k =5 repetitions 35,18 31,07 27,27 23,97
34,84 31,41 27,58 24,12
34,80 31,15 27,36 24,06
34,48 31,21 27,52 24,21
34,80 31,42 27,55 24,11
k 174,10 156,26 137,28 120,47 Tc=548,11
Ti|= ZJ’ i,j
j=1
T; 34,82 31,25 27,46 24,09
M
X'l 25717 387,52 477,34 539,36 »
N X T; =11 662,63
i=1
wlhere
x; |is the number%fgenome units of Legionella spp. or L. pneumophila per reaction tube;
x'|is the decifmal logarithm of x;;
vij is the:(yvalue measurement atlevel i (i=1..p)androwj (j=1..k);
k |isthenumber of repetitions per level i, k = 5;

p 1sthe number orievels, F= 4.

N=kp=5x4=20according to Formula (1).
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C.2 Estimation of the regression curve

C.2.1 Calculation of required elements

p
N X=X +Xp +X 3 X g+ X, ) =5x1,48+2,48+3,48+4,48) =59,6
i=1

according to Formula (3)

’ _ , 2 ’ 2 ’ 2 , 2 7 2\ _
in —k(xl +XT XX X )—

5><(1, hg2 +2 482 43,482 +4,482):202,608

according|to Formula (4).

C.2.2 Calculation of the slope a

The variance of x'; is given by

%4

X

,.
i

Zx’,-z—[(Zx’,-)z/N} 202,608—(59,62/20)
N-1 - 19

=1,316

according|to Formula (5). The covariance of X’y is given by

O.’, 3
xy N-1 19

>x;Ti—| Y x';Tg /N
o [Z‘ ' / ]_1662,63—(59,6><588,11/20)

=-4,733

according|to Formula (6). Hence, the slopelis

’

a=—1Y =_3,597
v

according]

36

’ .
i

to Formula (7) “a’Gs)between -4,155 and -2,839 and amplification system is verified.
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C.2.3 Calculation of intercept point b

Th

e curve passes through the mean point, whose abscissa is
e > x _ 59,6 2,98
N 20

and whose ordinate is

he

an

Th

_ T

y=16 38811 o9 4055

N JAY)

1CE

;/:ax’+b
1 thus

j— T ’
b=y—ax’:—G—aZTX:29,4055—(—3,597><2,98)=40,12

N

e regression equation is as follows according to Formula (2)¢
y=H, =ax'+b=-3,597x"+40,12

C.B Verification of efficiency

Eff

wh

C.4

Th
ob

iciency e is given by Formula (8):

e=(10‘1/“ —1)><100=89,66%

ere e is between 75 % and 125 % and efficiency is verified.

.  Estimation of linearity performance

e performance of the linearity is estimated using the calculations indicated in Table 6. 1
fained are shown.in-Table C.2.
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