nsuawIalel

ASNAIUIITNIIATIINAD Legionella spp.
#2875 Real time - Polymerase Chain Reaction (Real - time PCR)
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T Legionella spp. Duamsvadlsndifounus Fonuvuilouldluunasnising aunse
LLWiﬂszmagjﬂum'mwNﬂ’ﬁqmuazaamaaﬁﬂulﬁau nMsnsamaiesfjuAnisiiieiinesde
eluuaniaduduiu F3sililunsenamidenituitunsgu fo Bnsmzdeade
Fodldarudiuigluniserunanazldszozinaiuiulunisnagey datunisinuiiad
fnquizasdiiloRmuIuaznI9aauAINgNHadunsds Realtime PCR dviumsaaniide
Legionella spp. ﬁﬁmmgﬂﬁaq fAuTunzLazsIng

HANITATIVABUAIINYNADIVDIID Real-time PCR fiauty Fafulunsauunsgu
ISO 16140-2 : 2016 - Protocol for the validation of alternative (proprietary) methods
against a reference method Wu113%8 Real-time PCR fianaaula (Sensitivity) S88ay 100,
AAUYNFBIFUTNG (Relative trueness) Soeag 98.33, AWIUIEHAUIN (Positive predictive
value) S9way 97.44, A1viurenaau (Negative predictive value) So8az 100, ﬁﬂ@?’]?jﬂﬁ%%
dru1sansaanula (limit of detection) A® 5.9 x 10% cfu /test portion dermuiandu
A1 relative level of detection (RLOD) 11U 0.88 H1umsinaudiloiisuduingida
nseaudy Tngdd Real-time PCR flaanusinng (Specificity) siaide Legionella spp. wa
LinuuiAsertunguiuidonundiGenaaeudun fnvlivesluuvasi wazainnsusady
AUADAAGDITENINGS Real-time PCR uayismiziaoate @uadi kappa analysis wuaay
aonndadlusyaufiuin (kappa = 0.94) wazdlawSeudisuszeznanildlunmmeaeu wuinis
Real-time PCR Tinansnageuiinmdinidismizdendeds 15 wh (ansvezinansnageu
s fiRn1sa1n 15 Yu widlo 1 Yu) KefudB Real-time PCR Aifuuntuiavmngiioglfidu
"EﬁmuﬁaﬂiumimuquLLazLEJﬁzi’qmsUuLﬁauL?}j@‘LumeﬁMN6] yonmieanizmizidss
dowuiiesufuanisiley elwldnanismaaeuiimiaiitu mhsnuiifedesisniaguas
aaenguatusadinanisnageululdlunisidisysnisssuinvedsadidounusianedng
UV

AEN uty : Legionella spp., Legionnaires' disease, Real-time Polymerase chain reaction
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unil 2 wunAn Naul lenansuazsTNsINEades
21 \Woddlewaan (Legionella spp.) fun1snelsadideunus (Legionnaires disease)
2.1.1 dhwaruarieasiinveadedsleaan (Legionella spp.)
2.1.2 maiAnlspdldgulus (Legionnaires disease)
2.1.3 anunsaln1singszuiavedlsndidsulus (Legionellosis)
22 MITIANNTe Legionella spp. Tngiinsinsdsateunemsiasaie
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2.3 msmmmmiﬁuqﬂiimaqL%uaaﬁw% Me735 Real time - Polymerase Chain
Reaction (Real-time PCR)
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wansduUsENaUaNYeIUiNse1 PCR (Master Mix) dwiiu 1 faaeg 29
NA&EeU (Reaction)
amw&uaqﬂﬁﬁ%mﬁm%’umiLﬁuﬂ%uwmaniﬁuqﬂiiu%aaL%a 29
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nswdanan smaaeu 1agiiansananel Ct LagAINISAIUANANATN 31
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HANISAIUIUAIAIANIY (Expected) dSUUTEIUAINABAARBITENINNID 54
1neldads kappa analysis
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1.1 NNIATANNAIAY

v

Zo Legionella spp. Wuuuailidownsuay JULNY (gram-negative rod) laia$1savas (non-
spore forming) 11a 2 - 20 lalasiums flurtaniaaan flagella) dmsuthelhdoaninsandoulnild
s Fudenuaildefiasayenn (fastidious bacteria) livasaluemsmisidssialy desnis
n3nozdilu L-cysteine wars1amandmsunisiasgyivle \Be Legionella spp. aunsanuldeialy
Tusssuvd 1wy fuleau neeay $1573 wasundsiiuyudaddurieiifianutu wu twdedu
(cooling water) w843 ‘U‘Uiummmmaummummmmwmmiumma6‘] i lusy Taeweua
maamwmaqmmmiau fufuh suunszaneth wilntheuth asgiie LLﬁ"’U’]‘WUi“’ﬂU@’]ﬂ’]i
voaoudiana (Hudu annsedFineglduunasiteuludanedeuiiiautiugs Sommgfidus
20 - 50 earwAdsaLazLsTIlufiiamuasdunietng \Woaregtmiuaditindulasiany
Wslnd (protozoa) Tnssaunguiudululedldu (biofim) avaumuiadudaniagildfinisgua
thss¥nuogagndes uenniSiannsissiinuasutsiinelumadvaddusiadald Suilide
nuNURean NWINdouR19 Tldimunzan® e Legionella spp. vlviAnlsadidouiualada
(Legionellosis) Ima'ﬂ%éﬁL%‘]ummmaﬂmﬁwulﬁﬁaaﬁqm Ao Legionella pneumophila GREY
91n15MeAalinld 2 dnwaig Ae MInlinglondniau o1N1ITULIMAYERTIEETINGS SEnT
lsAdtFgunus (Legionnaires disease) 1nldiin1igleondniaunazeinishiunss 13030
lsalddouidgn (Pontiac feven™ msszuinvedlsalilaiinainnisiiadearnaugau usfininnig
uninszatevendonuuasirgauy lnsdouninszatsainuvanilufuazessesvosiiuas
undnsEareHumseIne egaviglatuiorazessiiivuiioudedngiunisenaneliineins
voslsald Tnonqueaviifiarundssionisinidoviafalsall 1dun daseny (AldsunsUgndeetes
Fafisesneseuneviemdegsenintsnsnulsauisin 1wy uzisa wivu e HIV Jusu 7
asvidoquuviadn waedilldtunisnuidesuiseie suisivieadeafidulnaidurmsined®
snaFunuitedutlymivesinrieadindnmd mndeyaanunsailsadidounusluyssmelne
Faustl) 2556-2565 nosszureanen nauAauAslsn wudtheavay 131 918 138330 1 91elud 2563
wugfihesieananiilel 2564 engiade 62 U (01gsnan 23 U uazenggean 85 ) flhedulvgidu
e Tonanauisgeeny wanluinviouisrrndnmanidunadumeadislulszmealng ®
LLazmﬂstjagasuaﬂ The European Legionnaires’ Disease Surveillance Network (ELDSNet) Faudu
misnuihseilsadiFeunusluvnasugioglsy nudwudihelsadidounusiiesdestunns
AU (Travel-associated Legionnaires’ Disease : TALD) laglud 2564 wugUied1uiu 895 519
Fafinuiie 38% weifleuful 25639 Msunssziavedsadifouuus dwansevulasaswiogsia
nsvieaisrvemansUssmaiialan suvsusemelne Sefiyargduuiad Tunivglsuinisdads
28914 ELDSNet iftoiihszfelsatiannsienilenlaiany snsiivsanelnelsadifouuus
galalodulsaluszuuidhseds vlinsihsefenaldviudeaniunisalld

nsueusTelugnuzmienuniaig dsfinsfslunsduaiulvivssvvuilauand lednisdnw
Ansgi 33 Wannuazinenenessdauuazmaluladiunisduainguain nsdnnistadeidss
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foaun1w uaznisdaniseuivdnnndeuiiBedonisiauaind sausanisUsediunansenude
auam iegaiuliuszanvuiiaufuaginwrlunisquanuies AsouAILAZYNYL TIRAEATUT
nsatfuayuliviisudiugiinie ssdnsunasesdiuriosdu uazndindediensnindguas
aaenu Tidusnlunsaiaauguanuar dnniseuntvdanedenioduaiulrieulneiaunind
Tnefunth oandseniansueunsis w.a.2544 3es deufiRmsnuamitedilowanlunefiadu
yosesluusznelne oAy mugugua hszds uazarsanunseminlunsdesfuiymins
unsszuinvedsadiFouuud uanifuuumsdmiudmihiivests {useneuns wagdsevuuily
¥iarmd erandlaludedsadifouuns sauiannsolfifuwmdunstigesnussuudme
uwaniilénieluerarsaniudsznounisine 1§ defleidunisangifinisaluagaudssdenis
szumwedlsadananlulsemelnels uasdadumsaiunnudediusuniasnsisliivsssmy
tvieaflenianelulssmeuassnsssnadniie

nasesUfuRnsansisngunstousle Sanshandnlunismsalinsziuasnaaoununimii
u3lne/gulne dids/dhfaastiussnndug lasnsmslinsgiuasnadey Usenoudeninaa
Annishuei-menmn langrinuaznsmaaeunsdugatiine dssiensmaaeunnagainine
Usznounay coliforms, fecal coliforms, E. coli LLazL%aﬁaiiﬂﬁlu"] 52U Legionella spp.
Imsﬂaa;ﬁ’u‘i%mwmwwmiﬂuLﬁaumau%a Legionella spp. M410u3Tu1nsg1u (Reference
standard) Al 33n15mnziEewte (Culture method) Fsdasldmutiugluniserunanismagey
THomsidsndesimzuazldinaimiundt 15 Sulunsduiiunis mndedfnvesnimaasy
FreiBn1smizidsadedand1 enavlinindisefenisundssuinveslsndifsuuu sl
poan un1salla ﬁﬂﬁ?u;:ﬁ%’aﬁu‘ﬁmqUizaaﬁlﬁaﬁmuﬁ%iumimaﬁmwLﬁ??a Legionella spp. kag
P19a0UAINLYNFBIL09TER N e lHlAIEATAINTIAE U Sanwla (Sensitivity) uagd
ANUINNEEN (Specificity) dmsulinaasuniaviesuifing TneAsianulunsil fie 33 Realtime
polymerase chain reaction (Real-time PCR) S‘i"fagﬂﬁmﬂﬂumimaw%%mwﬂﬁL‘%&JLLanL’J%’a
Iuﬁaasmma?iaLnﬂé’awmwﬁm G E.coli, L.monocytogenes, SARS-CoV-2, enteroviruses hay
adenoviruses 1w Tnei3euifisunuaenadestedisiiantuiuiinmansdsade daduls
wpsgrudioifudoyaminindededmiviislulilunnihsYuardesfunmsvudeursade
Legionella spp. fiall

1.2 nquszas
121 Tuiisnadeudmiunisnsianide Legionella spp. 1ng3s Real time - polymerase
chain reaction (Real-time PCR)
122 #nwrUsyansaimnisnsianiie Legionella spp. 1n838 Real time - polymerase
chain reaction (Real-time PCR) iigufiuianisimnzidsaide (Culture method) Faily
WU



13 Wmsneuaziatinanuduia
131 1¥38naaeudmiun1snsianiie Legionella spp. 1nuA5 Real time - polymerase
chain reaction (Real-time PCR)
132 nawisslfuRnisansisaaunsueuniiy annsadaliusnmsasanide Legionella spp.

178735 Real time - polymerase chain reaction (Real-time PCR)

1.4 Usslewiifimadnagladu

mim’mmlﬁiya Legionella spp. 1ngl435 Real time - polymerase chain reaction (Real-time
PCR) Wanlunismadeufisanianindsmsmzidsade (Culture method) it o« Su mzauTiay
Tlunsdlanidu viseluaniunisalnsunssyuinvedlsediduuuwus (Legionnaire)

[ 4 a

1.5 ArAnNbazteny

A

. @ A Ao AN a = S a A

- &3lawaan (Legionella) WluwednavesiuaiiFedumulaluumausssuyd waysyuuiii

uywdas1evy waze1vnelsald lnvanizinuves fe d3lawwaan Uluflan (Legionella
pneumophila)

- T9a8id8unus (Legionnaires' disease) \Julsnfiniinag1sdunduainwuailiseongy
ddleluaan aldd Fedrulvgiinanddleiuaan diluilan dnifaludvigasenglasanizdnguums
& yvaAa av o ' - [ a - v a o e = 1%
wIegnilgiiduiuunnies esnnilulsaursvliavsenisldasiadl vellluszerusnaziionnisndny
Tnialug loun Jlddntes Uandses Uinnanuilonazdosonunuse saumnds wazilon1ns
sownvriienisaanelendniay laun Ildge lauria vieenaliiaune melaliazain nunduuay

Wunthen
= Al a a v I ] &

- N133EUIAvedlsA Muneda wnnsalndgdienndaund wu wugUledawe 2 s1e3uldly

SreulInduduNAT RN suiL nugthennndtAgdsesu 5 Udeundsluiuiuazydianiannediy
- P o & & | =~

wsenugUielsanldimenulunuimiuinnewiies 1 51g

- Culture method (3Fwrzsdieaidio) Wunszurunsifiuduiuduvsduuemisiaentend
AU NIEFBNTRTEAULAvDIRaUNIdvTnTue TuanniosuURnsNin1sAIuAL NSNTwLEES
AunIdanunsalditessysinvsednuiuveaiuvsdndesnisfinula

- Real time - polymerase chain reaction (Real-time PCR) \Juinafinfildlunsiiy
FIUIUALDWETIRDINITAN 1081991 NI ZRATAINITARAAIUTAUTNIUNISRNTIUIUTR LD ULE
Wwanelaluyngsevvesnisiiudiuiy luvugnufitermasiniivey daussuduaunsendugn
Ufi5e1 (real-time detection) Ineld@idutoduuuu (Primer) 1 ¢ S2uiufin39393u (probe) fign
panuuulluaedus) hdanusuniziaigasiuldedmnefifnesnisnsa dmsu probe aiin1sin
@ Fluorescence imallatianAun1snTivindyauansiseaiigniasseenin Ysunauasiinlae
Judndiulaensesiuusnadiduefiinduainujiseluusazsou
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Yaymuazaniumsalveslsadiduunuslutagiu
FIVUININTHISEIINSUUUeUYeYe Legionella spp. Tuduinaay

.

Apszntdyn/Andndnuesninsaniide Legionella spp. IngBLnIgias e
(Culture method) 13 1ISO 11731 : 2017 Water quality ~Enumeration of Legionella

‘

ANw19UAINITUAZIWIIBENY MALITRIAUNTATIIND Legionella spp.
1n875 Real-time PCR 99ALUUTUADUNTNARDULAZINAN I I A

‘

AnwIBnnsnsieaeunuliliveisnaaeunagadiiven (Validate Method)
M3 1SO 16140-2 : 2016

‘

9?’]L'ﬁUﬂqiﬁﬁﬁf\]a@UﬂQ’mQﬂéf@\ﬁ]@\‘ﬁ% (Validate Method) a1 1ISO 16140-2 Iiﬂﬂﬂqiﬁﬂi‘ﬂ
W3BuLieUsEnineds Real-time PCR AUiRmnsidsade (Culture method)

1. msfinwaula (Sensitivity study)

Sensitivity U9435%19488A (SEar) WaEI501989 (SErer)

Relative trueness (RT)

- False positive ratio 98935M14489n (FPR)

- Positive predictive value (PPV) wag Negative predictive value (NPV)
2. mMsfinwA relative level of detection (RLOD)
3. MIANYIAINT NI (specificity)

pudunsuseifiuauaenadeesyningis laeldaia kappa analysis

‘

A3UNAN1INTIRADUANIUYNABIVDITTNWAUNTU (Validate Method)
WaZNNITUITIUAINADAAABITENINNID tasaiA kappa analysis

1 '3 o [N <4
RuinauaiEaNsY Taieinunauaizausu
NSATIINNTE Legionella spp. AIE3D AAs1evan wily
Real—timg PCR imamagﬂmaq Tina LaZNINITNSINED UL
veaaunliunnd1991n3BunsgIu

.

A119011I0ATINE Legionella spp.
A1875 Real-time PCR luldnunelu
ol uansle
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UNN 2
a a a A ¥
LWUIARN ‘Vli]‘i‘.‘}{] LDNAIFLLASAITIUNIFUNLAYIVDY

fideldAnwuunin nauf lenasuazauideiiinades aseunquiite tlenaisauivinig
dodufiugudmiumsinu Futeluid

2.1 \Woddlowwaan (Legionella spp.) flumselsadideunus (Legionnaires disease)

2.2 MINTIIMNT0 Legionella spp. TneAsnsimizideadio auuasg Iy ISO 11731 : 2017
Water quality — Enumeration of Legionella

2.3 MIRTIRMNATTRUTNTIUVONTOIAUVEE §2875 Real time - Polymerase Chain
Reaction (Real-time PCR)

2.4 1INTFIUNIATIVABUAILYNABIVBIITNAADUNNYATI TN

2.5 NMsUszliumNaRnARaIveIlayameaia kappa analysis

2.6 ATt

2.1 Weddlawaan (Legionella spp.) iun1snalsaatigunus (Legionnaires disease)
2.1.1 anYZKAZ93ITINVBNLYBABLuAAN (Legionella spp.)
. [ & a A ! . "y 4
Legionella spp. tJubyOLUANLIBLNTUAY JULNS (gram-negative rod) Tiadeaves
(non-spore forming) Uu1AN119 0.3-0.9 lulAsiunas wage1d 2 Heurnninieiiny 20
Lulasiues e1afigusalduinnimilanuy visesavdsusuldusiindiens dnnamss dieeglu
anmuandeuigauanysalazasydulalasia laswaiwenionuwaddaostu dvudniun
azvUnuaziiunaniaaamilsdu drelideannsamdeulmlasiags

Ad 1 @eddlewaananmsinzieunemsiasaiie BCYE with cysteine (A)
waziedalowaanannsdondunsy (8)

Legionella spp. \JuidonuaiiSefiasaenn (fastidious bacteria) liasaylusmsiaes
ovilu Koentsnsmesdily Lcysteine uazsaudndniuaiaivln liaarsanslulawnn
(nonsaccharolytic) e uleilus@toa (protease) AMMILad (catalase) waziUnsoondiad
(peroxidase) Legionella spp. Usenaunig 60 aldd wag 80 @lsn3U (serogroup) Tnealddd
Huanveedlsndilounuifinuldvesiian fio L. pneumophila Fududeiifianumusonasiu
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ni¥engu enteric bacteria lapfinisAnwmuindl pH 7.6 9 21 ssrniwaidea eldaniu 0.1
mg (free chlorine residual/liter) foaldiian 40 undl a9y E"HM’]?Q?J"IL%E] L. pneumophila
I4%oaay 99 amedl Escherichia coli Inantiesnin 1 uadl e L. pneumophila L%mlmw
gaungi 20-50 aqmlfaawaa IGE aa“lmmaammiﬂ wﬂmLW'ﬁL%aié‘Lu%mumaLLzmﬁ 2119
Tugmumenuia dmsuie Legionella alTdaun fifnsnsaanuinnelsald loud L. micdadei,
L. bozemanii, L. dumoffii wag L. longbeachae

Legionella spp. mmsﬂwuimmiﬂuﬁiiwmm W Aulaau zeETy §1515 wazuvaein
muuwaiwwmawmmwmu g dndeidu (cooling water) sailntae1utin (shower)
asvie Hudu mmsammmagﬂmmwmaLmauiuaaLmaawumﬂmuqa wavwUasluAng
amseuardunieTng Worreyhuiuaddindulasanzlusiada (protozoa) Tnesanguiiu
Hululeflda (biofitm) uenannilie Legionella @unsasissdinuazutsiinsluadues
Wsledals Sailidonumusieaninuindeuseg Alaimanzan?

nshndeinainmsmelaenazesteniavioazessinfifidevuidewdill wieddn
nhiideundeudily We L. pneumophila @111503UAU complement receptor 1 (CR1)
e g complement receptor 3 (CR3) ﬁagjuuﬁaﬁum phagocytic cells vl phagocytic
cells ¢ 8nnalnnilsilideauisadiluly phagocytic cells 1at38n31 coiling phagocytosis
[Anan phagocytic cells @13 pseudopod coil indesseuidols Weamsadudenssusai
Yp9 phagosome Lay lysosome ﬁﬁlﬁlﬂigﬂﬁﬁmammaﬂ%ﬂu lysosome mﬂﬁ?m%aaaﬂmagj
T cytoplasm wisfLiinswIL wazeonanwadlaemsilnsaduan aunsaluindoluead
§u solu ndsanseniefinisiade L. pneumophila \eutsiaiiuguaulaly alveolar

macrophage'”

29953IM VYD Legionella spp.

Eukaryotic cell

6. 1.
Biofilm Invasion
Free-living
Legionella ++

50 - .
Transmissive 5. ﬂ‘ Q\) nutrients
40 .

21
10 \
%% 0 5 o » % (\J
hours
g Evasion
Broth 7. 4,

AN 2 19TTINVBLD Legionella spp.



-7-

o Legionella spp. LUuLsuaﬂaIiﬂmmLﬂummmﬁamaamaﬁf Fmduq Tunisuiiu
$1uau TnefhaasTinuansdanni 2 feil
1) Worndluedvogluisaduesded@in dugsniuuaiide wu Wsladawioodiun
2) Woavadafiufidmiunisulsvadnmelumasveslusiadandosiiun Bunin
Legionella containing vacuole (LCV) Fsdonsausiogsiigaulufelusiunay
st 91niueas Suulsadifiuduiy
3) ileweulswadldsauninigly LoV ag3uvnansomnsdmsunisulamas
Heflegmelu LOV asidbuguiauaniiud flagella agluanusnolfiinlsels
4) Weovzoonanwaduoslusladamdesiiun LLﬁu@@ﬂNﬂ@ﬂiuéﬂLLlﬂﬁam
5) Lsaamaaiumwmaam L'ﬁEJﬂ’J’] Free living Legionella
6) \Teand 5 mwmasuum 6 Ao Lﬁ]imiuaﬁwﬂiLaaaLsuaiﬂaLimmm’rﬁLmeaaqu
$11U (Replicate) WiouUugadauemsSunun Lﬁua%mqﬂmﬂaauamuﬂﬂ
Hudefiannsanolhinlsals
7) Wenntuil 5 o199gluidngreastuil 1 viedudl 7 Aadluiesylululefduly
& uie
2.1.2 msiinlsaaldeunus (Legionnaires disease)
wraedelsa : TsaaSouuusfulsaindoanuuaiitsedradsundulunmafumels
druana mmmﬂmmmmaaﬂmuam (Legionella spp.) Fadesendninuenldanssuuindeu
TnglanIg amwaaﬂmmwﬂmﬂma L0017 Cooling Tower (GUQGLﬂiEN‘UiUEJ’Iﬂ’IﬁLLUUi’m
Pldluornsingg wu Tulswsuvdelsmenuia) VRUIRZEIY IASpafin AL ULATAIALNNITe
3ondnaudy Wudu vonanifaunsaendoldaniiuszuviedeunavieifu snsidou
Vo T wazasein sawdsniviunaswesuaniumanieas Tnedeiidinladuiouluiussun
waztindy 1uamam‘7immzams‘?’fmmﬂmﬁ’lmuashmmL%aLLazﬂmizmsﬁ?ﬁLLméw ilmiin
msfndeluditgidudusly o

9

~~~~~~~

AN 3 LaSIlIALaZNITUNINTZABURNLTD Legionella spp. Tuduindau
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nshaedsleiuaaiuazdnuazainisvaslse | nshaser1un19eINA (Airborne
transmission) Imamiqmmdmmazaaqﬁw (aigmﬂﬁﬁsummﬁﬂﬂfh 5 lupseu) MSoHIUNNNT
ddnihiifideuved Gevdaiidrven Fuduiinisfndedinulfuniian daunisunsiderinau
lugaudslaifivsng Taedildsudodndnasddnvureinismassuininendu 2 wuu e
Tunsaifisudeluviinatiesssiidhvaroinsadolinialng Son Meuiven niovsuwien
(Pontiac fever) wazunasedilasuideluysunamn mmsazgul,mﬁq‘%”’uiiﬂﬂamé’ﬂLﬁU@‘tALLN
viseidulsadifeuuus (Legionnaires' Disease) I daiidnuawennisuarsvasilnga wail
- Pontiac Fever ([Wueouiiien) \ulsafianunsomeldies Tnglidossne dalngaznsiany
defin1sszuin ust 95% nuitmeiedd Snvureinisadeldnialng fe Ternsiduindsee
Urnlosnush hinnduiileuasdede lfidoiuse wazimilesde goydenuanunsalunisiu
savd Inediszezilng 24 - 48 $3lus
- Legionnaires' Disease (IsaUandniauiinguusy) ddnuageins Ae dldgeussanm 39 - 41
ssmwaiia lowi faune mmelaldasan Bultnusnamsen Yeaiinssnauduluvie
0U17 f’hLi‘;Juu'ma'mwuqﬂaﬂuiﬁuﬂamﬂgﬂaaﬁw N15U28ADUTNTULTINALD19LYINMANIS
meladuar Shsnndetin 15-20% lnelsadieunusaiivasaanisiindvedoussua
2-10 Fu Imﬂﬁié’%’uL%@ﬁ%IaLuaaﬂL%’wajiNﬂw 9zd9liuans01n15luTEEEUINYg AUNTIDY
anee 2 - 10 Juluuan %QQﬂwﬁiamaL%a%‘imﬂizmm 15-20% "

e

P —

Trarhe-n\ Left primary
Right primary N y/ bronchus
bronchus ™ \\ _
N ~
AN /
3,’3:‘ _t = SO B teft
ung ".". lung
P e
B
FADAM.

AN 4 YaamnsTueailaluaaningsnanig

yarailunguidssdalsndidousus laun nquiasenenus 50 U 3wl nquiauuns

nauyAraiinmzgiduium viadulsadig o wu uzise lsaven Tsawmnu lsafnidaniag

)
Tsae 1o 3 (HIV) §ilogsswinmsugnaneiiiaide (I #ila) nduiliinisiugsuiewrdosdiudd
waanegea

Jaseiifinadenisunsszuinvaslsadidounud laud Snvazuassuiuveate
Tuusinaiunne anunuldvsusazynana (susceptibility host) szUUNITIANISAAIAN
Feunndonvedlsansuldifisane anmuindeuiivuizauiunisiiusiuruassuadide
WU 9l (20 - 50 BaALYALTYE) AN pH 19915 (5.0 - 8.0) USunuviasermsvende 1wy

penoumu Wslath amse Wusu®™
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nsidiadelsn endensuenidenelseanidedorioiyn ihae Tngldomsideadod
Funzaedoudiag (BCYE with cysteine), 115M529% T Legionella pneumophila 3711
Haanz wiolaen13ATIAMY immunofluorescent antibody titer Jugsannuiauinnit 4 i
Tnewufunatmdesiianeafusniudnaduinetu 3-6 dUav FBdldlunmmnamoufiou
Tullaaazuarnisnsaniweuivendulngarlinase L. pneumophila feulsafiiinan
species Buaznraliny Fsmstiuaruddyluiinmamsdoanarsdavdddussuunaiu
melavdediudug MAvades uinnuhuaganudiwizveawaiild szdaaunysusiugs
fufuuszaunisalveadmiilluiesufiinng drunisidedulddendontnegl935dons
Direct immune fluorescent antibody stain anifleidefionisiiauaenadosiungulse
M1958U1IA N1 AsnagaukaudiauaIndaansuasiwiuainisalidudunanisitdadele
usimuutiugwessIdadeagsnin

nsinen Mlewdsnlidndudosinuimesuftug awsametesla dmsuauugi
Tums$nwilsadiBouuus Ao Worilidnulsaindessuumaiumelalunguvglelsnilulay
(Fluoroquinolones) tiu 81dlanasne13u (Levofloxacine) niaguualasian (Macrolide)
silalml gresdlnstfodu (Azithromycin) nsAnerainnsdanadiddiuinenalanasnendu
(Levofloxacine) envaziinatnafsannniteuualaslad (Macrolide) Tnsiamzogrsdsiugtae
Afo1n137uuse anlsunuDFu (Rifampicin) gniiunldsausaeluguiefinissnuduiman
witayaillndifesdoaivayuisadlifiome udelungunddadu (Penicilin), wihlaadeiu
(Cephalosporins) wazaeziilunaslalasn (Aminoglycosides) agldsnunlulana®

wnnsnistasiulsn widshiuyusdaafumdunslsavgugivedsadifounus
Sndufiezdemandssanneiiduasunisedyivinveads Legonella Tneilelaildlday
veviaeidu/voflududoadathiiliuts uasvhanuazerndsnsiulaauassenouiu Biocides
TutSaiinemmnsiietiestunsesvedlulefidu fuugiissuuihiouligeinimdouiiy
50 asrigaLdea ioanauidsstenisundidelt

1ATNIAUANNITIZUIA dumPadoidssiiunasnumutiufinnstigednssuu
flonaduundlsn lunmsmanvnwesnisssuiaiuenaiinrusidudounzdonnuna dsa
nsufla/Alugunasivildlasniafueaeiu uag/mislfaudoussdugs Gemuinlduad
nsthsdnwuarnssidessnamnzaslusnninnuvesal, nevideidu, uazunasiiy wild
Husnasmsfisiussavdamitasiunisdeafunisssunvedlsadiiounusl ™

2.1.3 d@arunisalnisunsszunnvaslsaatdsunus (Legionellosis)
MnanumsainIsunsszuInveslsdideunusmlan fdudinmsnugaeseusnlud
WA, 2490 iAansszunasausnlul we. 2500 A¥siudlen uasfinisszunaislugvedlse
Adouuns Tul wa. 2519 1AaTuiilssusu The Bellevue Stratford Hotel Sgilanaily Uszine
ansgouin dedlamndnvesaninunynsiudnvesanizelwing iWhsinifiedisamnuidniu
y3HLANATUTEU 200 T (American Legion Convention) ndsainautssaaluadsiulaiuiy
:ﬁﬂnmiﬁL%"ﬁ'mﬂuﬂizsqwmaﬂuﬂw Ineiinin1snrateUanuln (pneumonia-like symptoms)
1y UanRsey soumds Uandlesnduile lo weude Fuwihen uardld (usu Tnedfiae
221 TelFsunssniegneiuviaeit wilfaeBniiuau 30 Mdein u nadulimanensnum
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avnvedlsauazuvasiinvedlsa sunsgislufeusuiem we. 2519 1¥n9atainedie Joseph
McDade wazansidugnuinamgueddsainanideuuaiide dilusdesnlitoinde Legionella
pneumophila waglidelsain Tspaieuwus (Lesionnaires’ disease) wawiilavnisasuaiulsn
WudwmmmaamiamLe??aLﬁmf]ﬂmaﬁmﬁau%au%ﬂmwwéaL§u (cooling tower system)
Faildounsnszaerhumsteseinmavesaiesuuaniauarsruuviotueslsusy vty
wuilsaiiindutnivesinunile somaside wondn1 ewdnild uazelsy lunaneuszmne
U iusewaus awu wedng Sangu Hiuaa wawien eeawside (Judu nsunsszuiavedlsa
fnifntulssUmenasaiia usdanulvgssnulutisggiouuazagluliig uavdigalud we.
2565 WUNMSIEUIALUADIUNEIUTE UsemAaTsiaudul viliAnUendniay 31u7u 11 518
Tudunuilide®in 4 9o TsediFouuusidulsafidssamdlienuaula Wosmnignstheme
3¢ nslanizUsemaluuavglsuiissuuihss Tuasfinugyhaudmiulsailasaniziondy
European Working Group for Legionella Infections (EWGLI) Network
dnsululssmelnefienuniswudtaslsedidounuiadusnlul we. 2527 Wudihe
y1ilneg Inguewnndngy e3lad wazaugladinns@nuiluyie 15 ey (manaw 2527 - Sunay
2528) Mlssweruravauseni Famiauunys wugaelsadidounus Andufesas 4.16 vos
fhedansniaurianuaiiulisnululsmeuna wagdonnduinutnviouilersnidnana
Uranlulsadifounusifounnd uwadruauldunn wu Tl we. 2549 Msuudsaindaunsgas
NINYDIUNTNT Uiz'«j’mqamwmmum kae European Union Center for Disease Control (EU
CDQ) fltinvioafisrvnsmsafiiumanduandmiagiie udthedulsaleasniauainnis
Aaidiolsndaloiuaat $1uu 6 38 Wurmatiou 2 918 ¥mfukaud 2 918 ¥11uediag 1 91
wazrLUaiBe 1 59 sedlidsenufidedin deasuaiulsanui wdsnisunissuinves
Fouintuilsusuwdmiaiiosnguaeynseinlulsausufoatul 12 U wa.2551 wugiae
fudulsmdiFouuus Wurnmuanin 2 119 mendadumenduanduadndn sunengia
Fovfaiea wasilovnisasuaiufwindouluaniufiialse nanui@eaininniede
Legionella spp. Tuseg1atnazfiaogns swab gunsalluvieain™ U w.e. 2558 viasuaiu
nsszuravestsadifeuuuslutinveafisrsnglsy myf 5 dhuadindn snensivn Ymin
a1 naslasundaaninseviedideulusvesanninglsy (European Legionnaires’ Disease
Surveillance Network : ELDSNet) snudiinszuiainen nsumugulsa ididnviesiien 2 510
hedulsadidounus nansaouaunudiaeiomn 6 1o WuftasBudu 2 1o fuasasds
4 518 anuefurglsy sawvimuileanniamizide Legionella spp. lufiagiatuas
Fr8ns swab guAnsinnan™ uaglull 2566 mevdslisusesuinvionsislvnainuliody
seddounuindufunmevionienmelulszmalne liinnsnsiesevanindsuindouidl
Tonanelfiinanudedunisiade Win szuvihadedu vefludu lnsnuinaninid
aelulsawsuviasunedslalaninsgiu wu Usinumaesudassaandeliiioane Tsauwsululad
nsvhauavendaiuiiine Wuna 3 9 suwdiinisszuinvedsaindelidalalsu 2019
(adn 19) S2AaTnNTATIANUTE Legionella Tuthannundsivedsisy Usina 5,000 CFU/L
(umsgruglsuaasifosnin 1,000 CFU/L) Fsfimuduldldfidnvieadioatiodulsadiounus
ndsandoslulsnsud 1 venanddeiidoyanismeaulsaanniisnusiiassme g
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European Working Group for Legionella Infection (EWGLI) Network &a18uia3atieuiiseTs
uazmuANMITEUInveslsndifsuuuslussrintanguaindngan 29 Usema Jasleuszimelungs
anBnnudthenaud 2 91etuly AdumanvesfisisUssmawasineglsusudoatu (ae
finnsananszeziindivedse) sxlimsdidunsudsdoyaludamhenumssuguuesUssmead
AnmauagmisuassaguvetuiazUszmaluaioandn weuuzihliliszavulungs
Usenetu iumadiluvieadienluusemefiAaimg Seermadrsnmudememaasugialiun
Ussnalngld aonunsnivedlsadiFounuslaesnlutsemelng faudl we. 2556-2565 wu
fuawarausin 131 910 @eTin 1 518 dndlvgidutnvieadien Feanumsainisunsszuinves
Tsatlonadssansznudemaiiunisvasinteaiienainglniasiie ilan fafuddldhnnenis
muauuardosiunisiade lnonisuddlilsusy fusznounis uasuitngsiaguaraim
avensrUULASsT U MIALAT ALY sufsmaihseiddunguides lnslowzggeony uas
fifinddutudi vonanduisnuiiierfesmsninduiFosnsnisnistestuniunulsa
praduuiafugsialssusy aun WWdnsvaiuazeauaseniolussuuii /Modh
aelulsausuegraniauayaiaue

M5A5 80 Legionella spp. Tnedinsinzidsadeuuomsidendannzaizauas
nasaunsduaiiietusunmuaniiveata!!”
3%‘1/1@?1@&14#15@133%%%%@ Legionella spp. é’ﬂaﬁﬂmmmmim ISO 11731 : 2017 Water
quality — Enumeration of Legionella lngnaun1svnagaudesiin1siasousieg19liinuidutu
Fuiieriinlenialunisnsranuidertiimune (Concentration of sample) Ine3s Membrane
filtration technique Tdu{uNIDulA polycarbonate ﬁﬁmmmgﬂia\‘i (Pore size) 0.2 lulasiuns
nsdifidegefinynousuauinnldanunsald3s Membrane filtration technique I ausal433
Centrifugation technique wnu tnedumlesiiog1afinanmsiseu 6,000 x ¢ Wuiaan 10 wad
mmﬁ?u@@&fm&iw (Inoculate) #iH1UN15 Concentrate W&7 (#2938 Membrane filtration
technique %38 Centrifugation technique a¢1slaag 1) Usuns 0.1 Tadans asuuemIs
LgENL%JEJ GVPC agar (EJW%W?LgENL%EJ Buffered charcoal yeast extract; BCYE Ffldrunauaes
glycine, vancomycin, polymyxin B ag cycloheximide) uda spread plate Tieg1anaei
fanthomsidsade tiluvuiigumnd 35 esmwadea iunm 7-10 Yu minwulaladifianadn
a8 Legionella spp. (Typical colony) i@ eide (sub-culture) asuuemsiaude 2 ¥in
Ao BOYE fifldauusenauves L-cysteine (BCYE agar with L-cysteine) wag BCYE 7l
d2uUTeNaUUD L-cysteine (BCYE agar without L-cysteine) Uuﬁqmugﬁ 35 9fANYALTE
Funan 25 Su dlensuszeznalisumansnaaeu windude Lesionella spp. fesanunsa
La%zgiéjuua']mitﬁyawﬁa BCYE agar with L-cysteine LLavaJJ'Lﬁfyjuua’lWﬁLgsmL%a BCYE agar

without L-cysteine
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2.3 MIATAIETUGNTINVBAUTDAUNTE #2875 Real time - Polymerase Chain Reaction
(Real-time PCR) "¢
MsRTITAIRUENTTNTeTeqAuN3s Ttuneuduainnineteusiesnslidaududui
dioiaTenalunisnsranuiderdmang (Concentration of sample) Tnge1al438 Membrane
filtration technique, Centrifugation technique w%a'ﬁ%ﬁu*‘] Fumnzan andudaedadild
wadaiielildarsiugnssy (ONA/RNA) vesdieqduvadidmaneiiinnuuiand Tngldyathen
affansitugnssudmivqdunidurariinfvzan Tasvhmuduneusiieg sufiseylugearia
wazansiusnssnftanaliiluneaeusslutuney Real-time PCR vidansdifigslsithlunaasuls
{Auflgaumad - 20 ssriwaides
Real-time PCR 1umailansifisdIunaansiugnssudmineg Afwuidenmaia PCR
Tnofnduneunisyii asarose gel electrophoresis tians1a¥A PCR product aan waaldnis
Aamuiadygaidouasiiintu vned DNA Wminediusiuiulunngsou faudseuusn
MWTOUGATNBY8INTIUGATEN (real-time detection) Usanauasiiinlnaziudndnlnenssiu
USuneu PCR product ‘1‘7iLﬁwﬁuiuLwiasiauﬂﬁﬁ%ml,wum‘i@m (exponential amplification)
Tudnwagnsmsusa S (S-shape / sigmoid curve) upnaniiis Real-time PCR gnldlunis
pnaiaUTnaasiugnssy Tngnsasafediauisuiiisuainnududu DNA §1984dins1u
U3u1as 7180311309196199 (Standard curve) 3a38nn quantitative PCR (GPCR)
nsfinsnTaieqdunidfiarsiusnsueia RNA 1wu Th¥a SARS-Cov-2 axfitunaunis
Wasu RNA 101 DNA (reverse transcription; RT) 3938nmAiAn15n5197LAS181I1 “Real-time
Reverse Transcription Polymerase Chain Reaction (Real-time RT-PCR)” naun135v1 real-
time PCR 33n15m5793 10y Realtime RT-PCR %38 RT-gPCR 4At181d1%5UN15A522917
asugnIsuding1y Jagtufimsuiuusslidumeu RT wae PCR anunsnshlalunasaufasen
{Henfiu (one-step RT-PCR) 59u919d111587579 DNA/gene lananeitinanenseniu Tngnis
Fen reporter filvin1si3aauadlugiannuinduniieiu primer uay probe gnesniuulviduiu
U3taas conserved region demaneds usnasumnzuuBuiiidsuvanulaansluddiiniug
uoilunuludedidindu Tneamzngulndidsstu Tneduiierfuenagnidentisdisuiuasisuinm
fu wldu primer/probe sﬁuﬁ’umﬁmswﬁuazaaﬂwaaﬂﬁﬂ?%’sm'%au'%ﬁmNﬁmﬂmiaa
Feuidlulanunsainuinuiensnaddefuilddutmuioieafuaziinauls (sensitivity)
AT NN (specificity) Wiy TnediuUssnaundnvesuizen PCR (Master Mix) bawn
template (Fuatuves DNA Tiis1deanisazifiusiuan), primers (18 DNA #vdu single strand
ﬁﬁu@lﬁﬁwmmm template Haaossu Tnsazildnu 3 u hydroxyl group flavanansasieriu
nucleotides 51&16’7), polymerase Gouleyifiazldifianisdaansves DNA) waz nucleotides
W 4 via (A-adenine, C-cytosine, G- guanine, T-thymine) Frorbirorudu DNA anelud
%umau‘ﬁugm%wﬁﬁ%m PCR Usznoumay 3 %umawé’mmmﬂ%’uLﬂﬁauqmmﬁﬁ
2ultuin 30 89 50 sou Twiedes thermocycler éﬁ‘ﬁ
1. Denaturation: figaumgil 95 °C LWunsvianeiusysewing nucleotides yilvany DNA
fifhundeegidug uoneenanfududunss 2 du wasfigungddufisersieganoules]
Tuseureuntihtuasvemasian
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2. Annealmg wamﬁﬂmﬂi 414 50 °C - 60 °C LW@I‘M primer @14150LN1EAAAY
template LWE]LGISEJ@JGI’JWGI‘IAG}@EI’]EWUEN temptate

3. Extension and Elongation: wqmvigtu 72 °C GﬁqLﬂuqmwgﬁﬁmmzamiamsﬁwmsuaq
wulesl polymerase vinl#in15U1 nucleotides #1199 W1ABNIIAIU 3' VoS primer laanali
complementary fugsuiuauy template 71 primer ungliudaiuies vliAan1sas1s DNA
seifladldnnimszfumsairsuvuifinduruningu Aeduuain DNA template aneganeifion
dlofnsasfians awdid1un PCR product ifisduiu 2 A Lwiax@jl,ﬁashu%gumawuaa PCR Tuseul
a9zl PCR product eanudu 2° ¢ maifinazifunuu exponential I product Tu n cycle
Ju 2" g

Specific

primers

Temperature
94-97 °C

DNA template
Repeated cycle X time

Time

AN 5 JumauugIuvesUisen PCR
waziilesnAuauTRvesdIulsEnaudaiy TIunan1zveslfisen PCR luudagnis
nagou vililuauduaieljAseorves PCR MAnTulliounu3uia product ﬁLﬁm%um plot
WiguAULan ﬂulﬂﬂSWWSUGl? S (S- shape / S|gm0|d curve) Iuszml,t,iﬂ product ¥ L‘wmmau‘mau
lLilwnifn Soni1 lag phase (1) wdlefisuauanTuiesssunils S1uau product Seasifiuwuy

a a ' .
NIAM 138NN exponential phase (2) qunseisld polymerase %39 nucleotides maaag il
USuaums?l WusyefiiSenin plateau phase (3) A4n1W9 6

Number

Time

AW 6 UJATe1v09 PCR Miintu 1ileunU3una product Aiinduan plot Wiguiuiia
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2.4 1INIFIUNTATIVEBUAIINYNADIVIIITNAFIUNINYAYIINEN
nsnsaduANLgnAemionwltldvedis ilenaaouiittumngfuinguszasdnis
ihluldlureuwnniseensuimammeasuiinugniosindetiold msmsaaeumiugniesesds
AIUUIMIZIU SO 16140 : 2003 - Microbiology of the food chain — Method validation Lflummgmﬁ
naNiN1InTIadeUANNYNFDIYBIITNAdEUNNRaTIINEY tevaelriiesUf iR ImeadeUD1MS
{rAmyanaaoy (test kit) wazmitsnuiifsrdosiunismaaeuemsanunsathluldidunuam snns
nynaeumltlfveditnaaoumgatienilliluvies foAmanagould snsgrudnanasoungy
2 syeg AN ATaaeuANgnaesensiisnegeululdnu uasnmiaaeuveuteeesIeNIomIs
flansanaaoulddeisdinan Tnelunsgiuazulstureuntmyadouaugniosnulssnvves
Fnamedeu fio Tevadouidanmnin warisvaaeuidaUim 1nsgu IS0 16140 dagiinsuisenans
paniu 6 athu el AmumnsadontnlUlg dnuemumyamesiefoins dweluil

1) ISO 16140 -1 : 2016 - Microbiology of the food chain — Method validation — Part 1:
Vocabulary. 1umnnsguiidvuaddnyinazdenudnivhluiiieitesiuisnsnsaaeu/muasy
ANUYNADINNRATI TN

2) 1SO 16140 -2 : 2016 - Microbiology of the food chain — Method validation — Part 2:
Protocol for the validation of alternative (proprietary) methods against a reference method.
Huinnsgiufissyndnnsrluuas dunounanaiiadmiunmanmaaeuanugniosesisvaaey
yaden (Bfifaut) Wisuiioudiuisnsse

3) 1SO 16140 -3 : 2021 - Microbiology of the food chain — Method validation — Part 3:
Protocol for the verification of reference and validated alternative methods implemented in
a single laboratory. LHusasguiissyndnnsihluuazduneumanaiadmiunismuaeuainy
gniesvesitnaasufiesufiansidenld lnsuandiifiuitanunsadudunisnuisendsldodne
gndies (Fm3uisirsdefitlualaidl validated data)?"

4) 1SO 16140 -4 : 2020 - Microbiology of the food chain — Method validation - Part 4:
Protocol for method validation in a single laboratory. L“f]U@J’]mgmﬁ%zqué’nmi%lULLazsﬁzumu
ymamadadmiunisnTadeuaugniesvesisnaaeunadon (5iwauntu) vesosjifing
nadeuden Tngliiiouifieuruizensds wamsinwldldametesu fiRnsinwvingu 2

5) 1SO 16140 -5 : 2020 - Microbiology of the food chain — Method validation — Part 5:
Protocol for factorial interlaboratory validation for non-proprietary methods. Lﬁummg’mﬁ
szwé’ﬂmiﬂl’ﬂﬂL,Lazﬁf?umaumﬂmﬂﬁﬂé’m%’umimmaaummQﬂﬁawaﬁ%maawmﬁaﬂ (3591
fiwutu) nevaaeuseninaieslfoinisvateq uwis (Juitneaeuiilildiaguszasdnnanisé
fosnisanusImslunmsfineiednuianizegng) s’

6) 1SO 16140 -6 : 2019 - Microbiology of the food chain - Method validation— Part 6:
Protocol for the validation of alternative (proprietary) methods for microbiological confirmation
and typing procedures. Lﬂumﬂﬁﬁg’mﬁizq%ﬁﬂﬂ’ﬁﬁﬂﬂLL@%%UG]@U‘VI’NLVI@‘Q@E’T’W%’UﬂﬂiG\i’Jﬁ]ﬁ@‘U
Anugndesesitnaaeumadeniiuisnstiudu (HuiinnaeuiifiingUszasdvnansdn)?

msdentumeuililunsnsadeuaugnieswssds Buduannsaaeuiiimmaasui
o fuRnsdenld iTuisnmeldsunsaseasuamiugndeswesisudniol fuduisneiing



-15-

[%
£

ATIVHBUAIUYNABIVBITTUT harfia1suIIINITATINEeUAINgNABsYeIslulan TNy
SO 16140-4 wielal (Hun1snsaaeuaugnieswesitnaaouniaden (GfRwuiTw) v
o uRnmamaseuiien Ingliisuiisuduisdnsde) disnaaeutuduiunisnu 1SO 16140-4
uansdnuldlflansios fifinsiidnuivingu Feswfifnduasilddedinmmnaaeuai
Qnfeswesisdnata widinsnsanaeuaugniosresisiu llddudiunisniu 1SO 16140-4
Fesfiansanveutisvenduemnsivesujiinisdosnmaasy mnegluveurisanunsarinnis
MUADUANLNFDIVBIITAM 1SO 16140-3 1¢ uinsdlfleguenveutiesiosinnisnsrvasuaIy
QNAIvOITIANAN (131 ISO 17468, ISO 16140-2, SO 16140-4, 1SO 16140-5 MNAIUIMLEL)
LLaﬂUﬂiﬂj‘ﬁ?ﬁVlﬂﬁ@UETQI@J'LﬂEJﬁﬂ’]iﬁ]i’sfﬂﬁ’eJ‘Uﬂ?ﬂmgﬂﬁaﬂmaﬁguﬂﬁauiﬁﬁﬁLﬁ‘l\m’]iGH?,J ISO 17468,
ISO 16140-2, 1ISO 16140-4, 1ISO 16140-5 AuANULANNTH Fan it 7

Tunsideadell §Afedesnsnsaanumiugniessasisiiiamitu (Altemative method)
Ao 33n1snsranTe Legionella spp. 1ay75 Real-time polymerase chain reaction (Real-time
PCR) TneiUSouiflufuisunsgiu (Reference standard) #io 35n1stnedsadie (Culture method)
M3 1ISO 11731 : 2017 Water quality —-Enumeration of Legionella Fufulun1snsrsaeuniny
gNA9370338 WALTuN15913 SO 16140 -2 : 2016 - Microbiology of the food chain — Method
validation — Part 2: Protocol for the validation of alternative (proprietary) methods against a

reference method.”?”

START: |s the method validated ' Are specific (g legal) ; [ Ta validate alternative ~" Choose .
[performance characteristics are given)? No ™ POUISIMILE given Lo use g [proprictary) methods . 150161402 "
] : Sl LU ! 150 16140:2003 or 150 16140-27 | L i -
To validate non- -~ Choose '
= . >
| proprietary methods ) ., 150 16140-5
Y . .
| YES | F Y bs  Todoasingle- ~ Choose .
M | YES J | laboratory validation |~ . 150 16140-4
& Tovalidate reference _h; F-'h"'"'“' "y
" ) mathads S 150 17468
Is the method validated in accordance with 150 1614047 -~ Choase

S 150 16140-2 "

.Apply marthod only in that particular |
laboratory |incl scope extension)

15 the (food) category to be |
5 the (food) category to be Choose

7 . -
tested in the scope ol ) NO ——®—® For extension of the scope of a reference method —*<, 150 174648 -
validation of the method? | - ™~ d -
- Far extengion of the scope of an alternative (proprietary) method validated | ~" Choose
e Ny [ — — -
_-/ \-. im accordance with 150 16140-2 | ., 50 16140-2 -~
\ YES | - y . -
ey 4 | Far extension of the scope of a non-proprietary method validated in accordance | ~" Choose
| with IS0 16140-5 | . IS0 16140-5 A
[ Far use of the {food) type in a single laboratory, in the case of:
a) an alternative (proprietary) method validated in accordance with 150 16140-2; or Chonse )
I Chose e ®— ] a non-proprietary method validated in accordance with 150 16140-5; or = 150 ]“'4,_1_4 -~
& IS0 16140-3 y ¢} a reference method with perfformance characteristics; or e i
. . [verification) _.-’/ -_\n_:lj i reference method without performance characteristics. J

a ) = Al al ¥ ac
AN 7 TURBUNISIEDNISNIBLUNTASId@aUANULYlPve93T
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» asasradeunuldldvesiSnagau (Method validation) a1 I1SO 16140 -2 : 2016 -
Microbiology of the food chain - Method validation - Part 2: Protocol for the validation
of alternative (proprietary) methods against a reference method.

el JUANIInTIITATIERkasnageuninisaIuauAun1InateluiesUfURn1sny
UINIFIUEINE ISO/IEC 17025 : 2017 “Janmuanaliinceniiuannsavesmiesujuiinismagaay
waziesujuRnisaeuiiiou” seudonifinsziiiduluaiumnudesnisvesgninaznuizay
dmiudegrmaaeu lunsdiignAlilaszyisneaeu vesujiinisdeadenldisndulagdu
TusgduiBunsguseninasena seaugiinie vieszaudsema wieduisludsvsensaisnis
WegeansnNeITeTsusedlnentisnuiuivinisiweiols dveslfuRnsaeensleIsnly
I3 asa v a va Y & aaaa N o
\Junnsgu (non-standard method) 357U URnsimuITWes I5NTNTVE8vToARLUAIRIN
aa . & vaa | A o Y A adad o I3
B33 (modified method) 5uvsn1sld3suRsgIUUNUR VT IBNAMMUALT w335 TWmuLTY
YANAFBUBENY 1oeUfURN5ABALTUN1IRTIARUANUYNABIYEIDNAABUTILY NNt 35

A . a a v adqa A adqd Y a
n1aen (alternative method) W38 UWBUAUIBUIATZIUNTDITD19BY (reference method) m1ul
tunouluizuInsgudmiuanivaeuaugndemsenuldle leneaeududuinisniaieniu
wineiuinguszasavesmsihluly luveuluamseeusuinanaaeuiinnugnsieadeiold

Tutlaguenansdnededmuadun1InTI9EoUAINYNABIYEIITIATIENINNATYING W
Henldd1989 Ao 1SO 16140 atuangame ISO 16140 - 2 : 2016 Nldoanumawnuatuify 1SO
16140 : 2003 tona15lia0I1 “Protocol for the validation of alternative (proprietary) methods
against a reference method” Jutfuadunislunguituinsgiu 15O 16140 nelidaiies
“Microbiology of the food chain - Method validation” fi¥nguszasaiiialdidunuiujunlunis
ASIVABUAINUYNABIVBIITNINATINGY (rapid methods) waz/n3e35naaauag1edny (easier

=% & add o X A 1Y) . A aa PN ° ] aal
methods) FLJWIBNNAUITULNDNISAT (proprietary methods) #33snadeuiazinunlinaunuis
919942

nM3fneUTeuTieuisdudiun e inszuIunsn I UAIINYNABITBIITNAGEUAIY
ISO 16140 - 2 : 2016 A wiiunstaeiealUsn1sman (oreanizing laboratory) Ussnaume 3 dau

1) nsAnwAla (sensitivity study) LunsAnvIUSeUigURaNITNA@BUAIETT19D

aa = oA . PN ! Y] = | = o | PN &
wardsnisdeniniaininuly (sensitivity) unnaneiundeld @uisadnerludlregreivuileu
AUNTIN1U5551YH (naturally contaminated samples) n30R108199NA N8 (artificially
contaminated samples) Alet

2) N15AN®IA relative level of detection; RLOD (RLOD study) 1un1siUSeuiieu
AUSNIUANEAY0REUNTINA1NTaNTIINULAIETEMIUANUALAI8T301984 TnefaarisAnY
lushegeiAuie (artificially contaminated samples)

3) A19ANYIAINT NI (specificity) W38An®1 Inclusivity/exclusivity 994359191800
Iy inclusivity study tJun1sAnwiielamsiviennuaiunsavesisniadonlunisnsianuiie

Az & a £ L. & P o X av g A & a <
Wmnnemduidouians diu exclusivity study Wunis@nwduienlidladmanenduaeuigns
FUNaIg @1efug Wetumadeualgiimadenlinisnsianulgewmaiil (WenagAntionu

& & A a aaa v o & & v o Y]
naaeu Amstluwenilentainuisertiuiuieidmune vieilemalvnanaaouuiniguiednu
Worlmue)
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2.5 M3UsTiuANNEaAASRIYRtaNARIERAR kappa analysis™™®

Kappa coefficient #1389 Cohen's kappa coefficient fufurratanldnaaounuaonndos
(Consistency) fuvesdaya 2 nau luunansdlonalddmiuTeuiigunisuseiliuAivestaya
yaudafungussdiu 2 aunieiinaaeu 235 lny Kappa coefficient Huliigndudasonds
auyfgruiiirdeyaiianladuiinisuanuasuuuun@ (Normal distribution) w3afiiFendn Non-
parametric statistic nadwsiléann Kappa coefficient fuazedureiinnuaonndosszninaiuyos
2 yadeyainlvinaldauinmileuiuvielinadiauimilouiu lnenisulannumvingvesaia Kappa
Afaldfiansandmsned 1

A15199 1 n1sulanaruaenAdes (Strange of agreement) ¥a4AaRA kappa

Aadf kappa VUNAINABAARDY (Strange of agreement)
<0.00 ¢ (Poor)
0.00 - 0.20 #oe (Slight)
0.21 - 0.40 wold (Fair)
0.41 - 0.60 U1unans (Moderate)
0.61 - 0.80 f (Sub Stantial)
0.81 - 1.00 Asnn/eieutisauyseal (Almost Perfected)

]
v

2.6 NuATeiineadas

AANWLAANTUNITNUNILITIUNTIY 1UTTY UNAIY LazlenaNTIvINTs d51uazi8en
Aeafudnuagmeszuininevesthelsediiouns widstoraduundunsdowasdonelsa dail

fl5n1 Aefuns wazanz (2543) AnwinsUudouveudowuafiielusyuudmaiunnssy
TuAUZTUALIVEFENS UN1INSIFBTOULAY FIUADUNBIEU — WOUAIAY 2543 Tnaifiusegan
156 o9 AIanULTe Legionella spp. luiegs 10 fegs (Gosaz 6.00) 2"

viaild dlnma (2551) IdnsanazauaudonunaiiGeinelsedidsunuiluszuuuiueinie
Yeuuszanm 2546 - 2547 Tagldifiuseghaiainueiadu s1uau 21 fegrs uazfegiaiein
mmaaﬂfﬂum%w%’ummﬂﬁﬁmamﬂ%’am 1 Y3l $1uau 30 @hasm shuavun 51 faegns
mmlmwumaﬂmﬂauﬁuaawa Leg/onella Spp- Tnanesuuunilise sause Smphylococcus Spp-
wAnukUATiSETINRNdeg i veRuiuady 7. 03 10° CFU/ml 1azf1981911391n91n010 59911
Tuiedosuiueinimalie 4.12 x 10° CFU/ml sastany biofitm Iumamwamwummi@uasﬂm
ABNANasTe Lazansiiitesiunisiansoulaziinnzniunig?®

afvn 3un uazAme (2551) vnisaevaludwindenluaniuiiinlsadiFounus
Tufnviesienvruauanin duafndn unengiath Jmiafan fquieu 2551 Taeifugegna
damsraiiionde Legionella spp. nan1saouaIunuiUlrndudulsndifounus \Wuyeuniin
2 519 Tneseusnidudiremmmdseny 52 U dausiof 2 10udihemavglingveny asradudu
A28735 PCR and culture T¥inadueu A L. pneumophila serogroup 1 LATHANISINIELY D
Legionella spp. aMnuiluumnadsig 9 §1uy 14 faees swab mﬂqﬂﬂsaﬂuﬁaaﬁﬂ 14U 15
fog1a Ty 29 fethe wuide Legionella spp. 311U 17 feg1e (Fesay 58.62) Inadetail
wuielduioiad 9 feths (Govar 64.29) wazdets swab angunsailuriesi 8 fegns
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1

($ovaz 80) waznansaTILNTeluteiniansse Rnnsuinermansnisunng IGRERI
L. pneumophila serogroup 1 (398ag 64.7) Legionella spp. (5ovay 23.5) ¥

Tsu $anes uarame (2556) vanisasvalunisszuinveslsadiounuslutinvoaiion
¥1gl5U MendsanmsiAunsneaiiedluimingiin funnau 2549 - unsiAN 2550 Liesan
sundsnnanuymsanguussdsemalnedn finvieadien ¢ 518 Vrefelsadidounuinionda
nufiealudmingiin dudideungadnieu 2509 vinnsnwlaedumiihedudlagliden
7131 European Working Group for Legionella Infection (EWGLI) Network wag ifiuaogangs
ATILieINBTe Legionella spp. g drlumeiiadu diludesin HansaeuaIunu e dudu
5578 wavg U9y 1 e mwmmummaﬂumuna wamﬂummm Ao L. pneumophila
serogroup 1 WarramImzieanunaineneg lulswsa wuile Legionella spp. Faldud thann
Hnth 1he1ngredrod Tnglinuluneiladu nawenidony L. bozemanii S1usu 5 freehe waz
L. pneumophila serogroup 1 91U 2 A9y

391 umles wazame (2557) MdanvidenisithsyTinsunsnszaneide Legionella spp.
Tuundahildlulswsumiesaesnlunans Susenidsswilevessamelne U 2556 Tngldifiufogn
ihrnuweflabu thainfenmivdelintilusesiin vendeduiniy ssuuviguniedudu than
HosaUn sruunTeni wavasEe SInTeELS LY 200 fegn MnlsusuuarIaesn 75 ui lne
1¥33nsineide waznsebudusiavents #1638 PCR asanumsuuileuveaie Legionella spp.
F1uau 48 Meee ($evay 14.7) Anlswsulazsansy S1uau 24 wits Geway 32) Wudiedeien
iviintlusiesiin 36 feg1e veftabu 10 Megs inTesndntingu - thieu 1 fog wasdmindy
WA 1 faee)

913071 01UV wazAmY (2558) vasuaIun1ssruInvedlsadiounuslutnrisaiienv
glsU myffl 5 suadndn nenzivn Smiaan seninetud 2 - 5 fquisu 2558 ndaldsuuds
f\]’mLﬂ%@ﬁdwaL%UuLLugﬂJaﬂawquk‘U (European Legionnaires’ Disease Surveillance Network :
ELDSNet) sirudntinsgunsingn nsumueilse ifiinvieadien 2 18 tiewdulsediounus ndsan
iinTilsswsuwianilslusuadndn sunengiavn Fmdanen fulddiiunisasvaiulse Tnaiu
fhegrshanifesiingtias Uevini1 k1aintesatn uay swab qusasei iy fongrsdremidh Failndh
aspi wagiiilndaluseatn dwsianisiesufdinis nanisaovarunuiiaedianun 6 3o
HuftneBusu 2 519 fuasasds 4 919 Fomadurnglsy Smdumanedomands whiu 2 ¢ 1
Nan1siufBE19t1dIn 599 §1UIU 24 et WuIeTIanUde 9 feg1s (Gepay 37.50) 910
thiuiiensdramii 3 feeghs thisunniint 3 deg1s uasiguiisnsenuth 3 fegns Suunidu
7o Legionella pneumophila serogroup 1 91U 8 A981 (Soeay 33.33) uay Legonella spp.
1 e ($ovay 4.17) swab guisidiuau 12 f1eg19 asaanuidle 3 fegis (Gosay 25.00) 910
Ronenadavti 1 foehs shilntaviestias 1 Feens wasiilinthasyineth 1 fogs Suunidu
3o Legionella pneumophila serogroup 1 2 19814 (5ovay 16.67) Legionella pneumophila
serogroup 2-14 3 e (5owag 25.00) way Legionella spp. 1 faoens (Fovay 8.33) 1Y

o3 umles uazAmy (2559) laAnwtenniationsiinseSinsunside Legionella spp.
Menziusenidoanievessendlne U 2557 - 2558 Tnglddndunisnsadeulsausufidis
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A3ty S1uau 23 wils wazldduifufiegiadt S1uau 129 e asanunsuudourede
Legionella spp. 37117U 19 fe81s (Fevay 14.7) BY

sl IrrasIan (2566) nsaeuaiulsaludsuinden mevdsldsunenulinveadien
ymatnutiedulsadifousuinduiuniuvendisanislulsunalne TnevhnisAnwiuay
as1devanmawndeuiiilenanelfiinnnudsdunisinge T ssuutimdeidu nefadu
Tnewudamamilulssusunarowiadvlllfunsgu Wy Uiinueaeiudaszaandoliifiome
Tsawsuldldfinsieuazeindafuinae Wunat 3 ¥ dusiinssrunvedsaindoldalalsun
2019 (In3a 19) srudein1snsranuile Legionella Tutiannunastinveslseusy 5,000 CFU/L
@nsgruglsuaisioundn 1,000 CFU/L) Seflmudululafidavesiiortedulsedidounudann
Aawandeylulsousui 19

Fsanaiddenneg Alddnmsaevamumainnuesnisuninszangveslsadidounus wuind
mmwé’ﬂmmﬂ@mmwLma'aifwm81‘1413%531%%@1@13@'1@6] Thmanzan fusinanassudassy
asvdoluth Arannudunsa-rs LLazqmmﬁmaaﬂfﬁhjmmgamﬁﬂﬁﬁammmLﬁ]%fy@‘uimLLag
Windwauld sruseaauUsznaunsaige é’ﬂlﬂﬁmmi’uazhﬂﬁmwﬁﬂﬁqmmﬁwﬁ'iyfuaﬂmﬁ
Felllddunnlunstigednw Ahauazeinssuul st ssuuthiousin ssuvliueiniauag
srureandou veRwdu Sunuinazdufivin fafendazinthoiudn szuurienn s
anmuandousine fidlenaneliiAnenudedunisindedilewann nsnsaameviosufiRing
Tunsananidedslewaanisdeniinudfyegranndmiussuunsiihse fansunsssuiaves
TsnAFouuws feinanseiseiilddneitlumsasandedslewaan fil

AKIKO EDAGAWA (2019) Anwin1sduiiouvaaie Legionella spp. Tug2081911910
Awndeu Tnawseudiou 3 38 fe 1) Tamzideais (conventional culture method) 2) 33 qPCR
(real-time quantitative PCR) hag 3) 35 real-time gPCR $71AU amoebic co-culture method
Tneifiusegnaingiuay 110 frege nuidsmisidsnte amanulodes 3 feds (2.7%),
33 GPCR MIIANULTE 74.5% d9ud3 real-time qPCR $2ufU amoebic co-culture A529NULT
fi4 75.5% wazfletunnsamatdd wuin3s gPCR $aufu amoebic co-culture method AI9NU
Legionella spp. L. pneumophila wae L. anisa d2u33#ldld1d59u 8 U amoebic co-culture
MIIANU L. (ytica Way L. rowbothamii Fadunnsinia qPCR 11145211 U amoebic co-culture
method asifiudseleovdegrannlunsnsiamideadlowaant®”

Deborah A. Wilson (2003) An®1n1991593%1 mip gene GU’EJ\‘IL%EJ Legionella pneumophila
§1873% realtime PCR Inenadoufuide L. pneumophila 27 isolate, Legionella ﬁﬂ%ﬁ?}lm 20
isolate, wuafiFoanswugaun 7ilaly Legionella S1uau 103 isolate, fragmngithefimzidetu
$1uU 8 Fregeuaziegafizidoldiu $1uau 40 Faegne nanuinds real-time PCR Tina
sensitive 100% wa specific 100% dnsuidie L. pneumophila *?

D. Eble (2021) MsnsrawUSanas Legionella spp. Tusognsin Tneialuiinldismsdaes
o munnsgIu 150 11731 d9isifeddszernauulunsmngidsade fv 15 fu uarludunou
nsButfuadiddueadofifianugsein erafannuianaiald sitedieinsdnuludunouns
futuanlaladvendeiiacds vuauemsidsateiiiunmsmnzitswd Feavtisansseznaily
FunoumsButiudeas 2-5 Juls biinauTaslunInageuwazinuT NIz’



-20-

ausTnUd BuNIge (2559) nyrvseun1sUloulde Legionella vestnannvenasifusiuay
40 fhoehe #1895 duplex- PCR nufimsvudeuveadelushegruihimun 27 fog1e Tnsusnidy
W8 L. pneumophila 8 §819 war Legionella spp. 19 fegne WewSeudisuiuitimnzidoate
Femunisvuitouvenie L. pneumophila T1uU 4 fae819 (3T duplex- PCR Tnauinidu
Legionella spp. 3713t 3 f1eg19 warlinaau 1 feea) Wennadeuanusinizvesinguesild
wuiiuauiiBueiauelngiieaiuil amplified lnann mip gene Twide Salmonella Typhi waz
Salmonella Enteritidis 8e13lsinunaann direct sequencing wundldrduilnalelng asewunug
voslnswesmiloudiu mip primers (17/20 9analelng) faduis duplex-PCR ﬁﬂﬁmmhuaz
ﬂ’J’]ﬂJ‘D’]LW’]uﬁﬂﬁuﬂ’lﬂLLﬁuS?ﬂLiiiuﬂﬂimiiﬁ]MWLGU’EJ L. pneumophila ey Leg/onella Spp- watlona
maﬁﬁamimwmau mip VT 165 DNA Lwaaﬂmsmmmamﬂﬂaammlfuat,wﬂmiaam

Daniela Toplitsch (2021) AswIziAsLTe Legionella spp. mﬂmamqummmqqmﬂ
desnaeiedduszaunsalmaiesufiing Feddsvznardoutraunlunsmadey sl
fogreininiinsuuieuvendoduy ruwaunnvilidsuniudenanisnaaeuld §3de3a
FmsAnwSeuiieussnindismsdeationy 15O 11731 fU33 qPCR Fsannnanisnadeunuin
33 gPCR Tnaauiuidesuqldiuin sauvhdeiinauainnsalunisnsianie Legionella spp.
Afusuasald Feaioinisdanusaunldlunisiuisuieusziduaniunisainisszuinves
lspaReuuusluanunisalgniduldednadivss@ngnm®

Mojtaba Moosavian (2019) ﬁﬂmmm%ﬂmau%a Legionella spp. luundstnveuilas
Ahvaz mqm:}umm%ﬂmmam’m Tagla mip gene’ Tunssy mjumau%m‘[muam TagLAy
mamam $1UIU 144 Freg19 inziBssUue NS AeUTe BOYE wag MWY agar plate drlalailves
L‘UEJWU‘U'U‘H agar plate WAmsghanauLludg IWEJ‘W‘UL%EJ Legionella spp. Tum’JEJEJWQUW 13.9%
(20/144) dlodmsnziisag mip gene sequences i 13 isolates WJu L pneumophila (54.1%),
5 isolates tHu L. worsleinsis (20.8%) fiwdeidu L. dumoffi wag L. fairfieldensis (4.1%) Fansnu
o Legionella Tuundsheradudunmeressuvaunimvosussrmuluiuild sududesiing
Ramuegsaiiane Weanarudssunisunsnszaieveadeld ¢

FnsnsaneiesufiinmsfiderduiBunsgu (Reference standard) laun Bnsimizides
wilies91nie Legionella Wuidefniyendeserfonsinisias swwuemisiaoadevinfivie
Buffered charcoal-yeast extract (BCYE) agar #ifinsmozdlu L-cysteine HANBgULaYADIBIAeY
sroznatlumssyivinunnnindewuafiSerelsnsug lnofewnzidomnulssain 3-5 Ju
Tuaneiidl CO, $opay 510 unziiguundl 35 ssausailua 1Yo Legionella Tiogfluanizidaiidin
hlﬁﬂll’]iﬂLQ%@UU@WM’WL%ML%@ (non culturable but viable Legionella) Faluanneilanunsai
Fenduurmnzidednduueimsiasadeiifuasomssiafaeniothnduainsuaulude
owiiu wdilideierwanunsalunisdelsalaluaidnass iesaniBnismsamansitugnasuves
FeuvaiSosuflunumunnty Sdddnstaudsnsasaiieliine s wasndudsdiauls
WarANNTUNIZE 1wy nstmaa PCR 1y (lusul?
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Ui 3
A5andun1s99y

3.1 sUuuunsAne

sULuunsAnendunis@nudmaase (Experimental Research) Wil e aundngam
nMnaaeuNwieslfiinisvesnawisslfiinsansisagunsusungde Tun1snsaam Legionella spp.
T,maﬁmﬂgjﬁ’@mﬂé’ﬁ@uuﬁ%ﬁm%’ummmL%ya Legionella spp. 178735 Real time - polymerase chain
reaction (Real-time PCR) 11 uagsifiunisnmaaeuanugniosedisifioidsuifisunanisnaasy
serineiBmsg i (Bmsdende) uasisiiwamtu (33 Real - time PCR) Ssfadliinamavnaaudi
Liunnenarig Ima%umaumamnaawmmgﬂﬁawaﬁ%maawﬁﬂ’am:ummgm ISO 16140-2 : 2016
“Protocol for the validation of alternative (proprietary) methods against a reference method
Usgnaumemsane1null (Sensitivity), ﬁﬁﬁwqﬂﬁmmmmmwlﬁ (Relative level of detection;
RLOD) wagAms g (specificity) Inedaagnsfiinanldlunismsaaeuaugniesvesislundsd
Jusleg19uitdinsianiie Legionella spp. N149183UUANS (naturally contaminated
samples) Larfegnaiuge (artificially contaminated samples)

=

3.2 \n3esile/Tangunsalinermant, asiail/emnsiasate LLazL%aqauwiéﬁﬂeﬁa
321 \A3nsileinenaand

- ipSeufiuUinaasiugnssy (Real-time PCR) 8% Analytik Jena u TOWER?

- 130t 2 sumls (Balance) §u ME-T3002T 8%e Mettler Toledo

- iedesinmnuidunsn - wa (pH meter) 3u 520 890 Mettler Toledo

- inesilaainie (Autoclave) Ju SX-700 Be Tomy gauuQil 121 + 3 parALvALTY

- Uaenide (Laminar Flow) $u NU-543 8t NuAire

- gz (Incubator) Ju KB720 8%0 Binder gaumndl 36 + 2 ssmawaidea

- ipdeathunies (Centrifuge) ﬁqmwgﬁ 4 pamadiea (Eppendorf, Germany)

- éwqﬁwmmmqquﬁ (Water bath) §u BAD-12 8% RAYPA gaunnil 50 + 1 94
\walgyd

- ﬁqmﬂiaqﬁaasimfw (Membrane filtration equipment)

- \A3euEnansavany (Vortex sheker) % Heidolph

- AR NANATTaYanY (Vortex mixer) iju Vortex-Genie2 8o Genie

- Lﬂ%q@mwmiazmaﬁﬂuﬁa (Autopipettes) U335 1-10 iadans 8ve Eppendorf

- Lﬂ%q@mwmiazmaﬁﬂuﬁa (Autopipettes) U3u1as 100-1,000 lulpsans
Qe Eppendorf

- m%‘laq@miwmsazmaé’miuﬁa (Autopipettes) U3uas 10-100 lulasans 8o
Eppendorf

- m%a@mf\iwa’]iazmaé’miuﬂa (Autopipettes) U3u1m3 0.5-10 lulasdng Bve
Eppendorf
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3.22  Jag gunsalanenAans

- WHUN583 (Membrane filter) ¥iin polycarbonate auIAgnu 0.2 llAsiuns

(PALL, USA)

- Uwnitd (pipette tip) U719 1 wag 10 Tadans

- Yweiivuuudununses (pipette filter tip) ¥u1a 10, 100 way 1,000 lulasans

- ViaaAnNAaad (test tube) VUM 15 waz 50 Uadans

- pzunsildnasannass (test tube rack)

e (petri dish)

- IPRAIVUIAUTTY 500 Tadans

- pwiivdleanaged

- 7299 PCR 3u1A 1.5 Hadans

- v@8m PCR 9u1m 0.2 Lada
323 \Weqduvadsneds

- Legionella pneumophila (DMST 12800)

- Escherichia coli (DMST 4212)

- Klebsiella pneumoniae (DMST 7592)

- Klebsiella aerogenes (DMST 8841)

- Staphylococcus aureus (DMST 8013)

- Staphylococcus epidermidis (DMST 5868)

- Pseudomonas aeruginosa (DMST 4739)

- Salmonella Typhimurium (DMST 562)
324  @swil/emnsiaeade

dmumzidsade (Culture)

2]

- Glycine vancomycin polymyxin B cycloheximide agar (GVPC)

- Buffered charcoal yeast extract agar with L-cysteine (BCYE)

- Buffered charcoal yeast extract agar without L-cysteine (BCYE-cys)
- Tryptic Soy Agar (TSA)

- Tryptic Soy Broth (TSB)

- Plate Count Agar (PCA)

- ansazarsUnlves (buffered water)

d1m3unsIIMIEAsHUGNTIY A38TT Real time PCR

- genaftnanstugnssudmiuuuaiiss (GenUP™ Bacteria gDNA Kit,
Berlin, Germany)

- gniien PCR dmsunTIavnanswugnssnves Legionella spp. (PCR max™)
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3.2.5 N1SHT8NINISABNYD azdTazatauWines

3.2.5.1 Glycine vancomycin polymyxin B cycloheximide agar (GVPC)
drulsznay
BCYE agar base

- Activated Charcoal 1 niu

- Yeast Extract 5 nfu

- Agar 75 N3y

~ hindu 500 Hadans

BCYE Growth Supplement

- ACES Buffer (N-2-Acetamido-2- 5 n3u
Aminoethanesulfonic acid)

- Potassium Hydroxide 1.4 niu

- Ferric Pyrophosphate 0.125 n3u

- Potassium Alfa-Ketoglutarate 0.5 n3u

- L-Cysteine HCl 0.2 n3u

- Sterile solvent 10 Hagang

GVPC Supplement

- Glycine 1.5 niu

- Vancomicin 0.0005 iladans

- Polymyxin B Sulphate 40000 U

- Cyclohexymide 0.04 n3u

UINAY sterile 10 Ha@ans

YUABDUNILHT

Fio1s1a09Te BCYE agar base 13.5 n$a avansaiuusznaunanualy
dhnduUSunmns 500 Sadans
Tanudeuauemsiasatearanaduiomeniu

Mntnilusndose autoclave 7 121 ssrwailod uiu 15 undi

aza8 BCYE Growth Supplement ¢18 Sterile solvent Usunns 10 daddns
Mniudinadluwin BCYE agar finuniseinitaudy

wEeMsLaBNToLas BCYE Growth Supplement Tidniu

Inuazay GVPC Supplement Fre1ndy sterile Usunas 10 Hadans
Auasluwan BCYE agar #ifin1siin BCYE Growth Supplement
WwEeMsLaBaTe BCYE Growth Supplement wag GVPC Supplement
Thdniu mndumulsuaemmsidsade dmsuldnu
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3.2.5.2 Buffered charcoal yeast extract agar with L-cysteine (BCYE)

dulsznay

BCYE agar base

- Activated Charcoal 1 niu

- Yeast Extract 5 n3u

- Agar 75 03U

~ hindu 500 Hadans

BCYE Growth Supplement

- ACES Buffer (N-2-Acetamido-2- 5 nsu
Aminoethanesulfonic acid)

- Potassium Hydroxide 1.4 niu

- Ferric Pyrophosphate 0.125 n3u

- Potassium Alfa-Ketoglutarate 0.5 n3u

- L-Cysteine HCl 0.2 n3u

- Sterile solvent 10 Uadang

FunouMIeSH

- w0 mnsiduade BOYE agar base 13.5 nu azarediudszneusiounly
dhnduUsanns 500 Jadans

- Teufeusuemsiasadeazanduioioaiu

- 9ntuthlusdede autoclave 71 121 ssrnwailoa iy 15 Wil

- a¥an® BCYE Growth Supplement ¢n8 Sterile solvent Usuns 10 Jaddns
Mniudinadluwin BCYE agar finuniseinitaudy

- WwihemsiAsailieuas BCYE Growth Supplement Ty anndumnuddly
MuosEsLTe sl

3.2.5.3 Buffered charcoal yeast extract agar without L-cysteine (BCYE-cys)

dulsznay

BCYE agar base

- Activated Charcoal 1 niu

- Yeast Extract 5 nsu

- Agar 75 n3u

- thndu 500 Hagang

BCYE without Cysteine Supplement
- ACES Buffer (N-2-Acetamido-2- 5 N3y

Aminoethanesulfonic acid)

- Potassium Hydroxide 1.4 n3y
- Ferric Pyrophosphate 0.125 n3u
- Potassium Alfa-Ketoglutarate 0.5 n3u

- Sterile solvent 10 1988nT
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FupounsIesL

_ §emsias e BOYE agar base 13.5 n3u azawdiuuszneusimunly
dhnduUsanns 500 Sadans

- Iennufeususmnsidsaidoazanefuiedeiy

- anthuhlushidese autoclave 71 121 ssrneaidoa Wiy 15 undi

- azany BCYE without Cysteine Supplement #y Sterile solvent USu1915
10 findans ntauduasluran BCYE agar Firunsandeuda

~ Wwenemsidsndouay BCYE without Cysteine Supplement gy

NUUNLUI UL ALBTD F1nSUlTIIU

Tryptic Soy Agar (TSA)

dulsznay

- Pancreatic Digest of Casein 15 niu

- Papaic Digest of Soybean 5 nsu

- Sodium Chloride 5 nsu

- Agar 15 niu

B 1,000 {addans
Jupaunsese

- deownsiasadie 40 nfa avansdiusynousvLeluinay 1,000 {8aans

- Ienwdeuauemisiasatoararsfuiodoasy widdunionasnni
U3umsiigoanslaau

- ntutilsideds autoclave i 121 asrwalded Wi 15 undl

Tryptic Soy Broth (TSB)
dulsznay
- Pancreatic Digest of Casein 17 nu
- Papaic Digest of Soybean 3 nsu
- Dextrose 25 nju
- Sodium Chloride 5 N3y
- Dipotassium Phosphate 25 nju
- thndu 1,000 {addans
funoumsnIoy

- Fiomnsiasade 30 NS avanediuUszneuTmualutingy 1,000 dadans

- Iewdeuauemisiasatoararafuiodeasy widdunionasnni
USunmsiidesnisldau

- ntiuilusindede autoclave 71 121 asriwaldea uiu 15 Uil
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3.2.5.6 Plate Count Agar (PCA)
dulsznay
- Pancreatic Digest of Casein
- Yeast Extract
- Dextrose
- Agar
- ﬁmél’u

FunaumsinIey

5

2.5

1

15
1,000

n3u
n3u
n3u
n3u
RRALY

- FIDIMITHRYNTD 23.5 NSU ara1gdINUTTNBUNINUALULINAY 1,000

L GBRIZE

- Tenudeuauevisidssteazateiduiioweinu wisldviamudsuingd

HOINTETIU

- 9wt lUsi@enie autoclave 1 121 aerwawdied Ui 15 Ul

3.2.5.7 @1sazateunines (buffered water)

drulsznau

1) phosphate buffer stock solution

- Potassium dihydrogen phosphate (KH,POq4)

- U1nNau

34 nsu
1,000 dadans

3 KH,PO, 36 n3u azanglutinindu 500 fiaddns USu pH 7.2+0.5 tagld 1 N

NaOH wazUsuusuasidu 1,000 Jadans

2) masgnesium chloride stock solution

- magnesium chloride (MgCl, %358 MgCl,.6H,0)

- 1INAU

38 Y138 81.1 N3Y
1,000 Hadans

%3 magnesium chloride mudndiu azarelutinduyusuing 1,000 Hadans

YUADUNITLAIL

-YUiUm phosphate buffer stock solution UTu1%5 1.25 Haddns uay
magnesium chloride stock solution USu1as 0.5 dadansasluuinau

1,000 Hagang
- USu pH Weglurae 7.220.1

- wUSldaA Y3 aUINRNLUIUINSNIABINTT LTI

- ndutlUe@enIe autoclave 1 121 aerwawdiod U 15 Ul
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3.3 %umaumimqamwa Leglonella spp. VINWEN‘UQUGIﬂ’Ii
nMsnAdeULiiensIaMLe Legionella spp. Tughethai funeuntsnadeusel
3.3.1 msmﬂwmamqwmuw (Sample concentration)
Hudumeunisinseudiedrmageu elviegdiaududuaniy munzaudmsu
ihlunaageuludunounisasianide Legionella spp. freidimizidsato uayids Real
time PCR doly TnglunsAnwadsiivinis concentrate fogradaedinisnsosriiuuny
n389 (Membrane filtration) #siiduneusisi
1) d1ieg19U3u1ns 250 Taddns nsosuuiunses vuagngu 0.2 lulasiuns
2) ﬁWLLNUﬂiBQﬁNWUHﬁﬂSm{;}'ﬂL‘fJu%LIL’SﬂG] wag resuspend favaITaralsinies
Usung 5 Uadans
3) 111U Vortex Uszann 15 w1t ewslidevgaeanainuiunsos Ididugedieid
mududuiismedmiuihlunnaousedeitinnzaente wazds Real-time PCR

AT 8 TUNBUNSYINIARI081TUTUTY P8ITN19n589 (Membrane filtration)

3.3.2 NM5A529M8 Legionella spp. S1835mnziasadie
1) ¥ Inoculate Fogafinunns Concentrate #ei3a Membrane filtration USums
100 lailnsans asuuoTMIABaide GVPC plate
2) spread plate l¥ihegrunderhiaviie s

AN 9 Tumaunisueniioliuians leeldwatia Spread plate
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3) ﬁwmmﬂ??m%alﬂﬁuﬁqmmﬁ 35 aanealded Wunan 3-10 Tu

8) mulalavvsadeuvaiiFefiianvaznay fuan Fun-mnintuuuaiuemsiaes
o GVPC waziiiovludendunsunudnuay gram negative rod linlaladifangnn
Timnzidsedolue1misias s BCYE Afldiuusenoues L-cysteine (BCYE) way
BCYE #ilufldrudsznauves L-cysteine (BCYE-cys) L‘ﬁaLU%EJULﬁEJUﬂ’]iLR]%EUfUENL%E]
thluduiigaumnd 35 esmwaldea iunan 2-5 u

5) nsdlideausawasyldiangluemisdsaide BCYE iifldauusznounes Lcysteine
iy Tduiinwaidu Detected (wuie Legionella spp.) wimnidolsnioliadey

vueIMsastens 2 viln Itufinnailu Not Detected (linwuie Legionella spp.)

Al 10 dnwauzlalativende Legionella spp. ituuy plate GVPC agar (A)
ntuliinizidsse (re-streak) UuoIMITABUT0 BCYE (B) way BCYE-cys (C)

3.3.3 msmqamlﬁa Legionella spp. #2895 Real-time PCR
1) 1héeee7k1un15 Concentrate #e33 Membrane filtration Usinng 200 lulasans
waia DNA Tngldnthenatmanstugnssudmiunuaiie (GenUP™ Bacteria gDNA
Kit, Berlin, Germany) yhsnutumeusineg sufissylugaarin

A9 11 Fumsunsannansiugnssulagldyatienainansiugnssy GenUP™ Bacteria gDNA Kit
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2) DNA fiafinld thluasaamansiugnssuide Legionella #1833 Real-time PCR 3o
\Fuflgaumndl - 20 ssmuwaldvadmiusensvageuse
3) WsudmUsENeUYesUFATeN PCR (master mix) adluvasa PCR SsUnnsilld uans
Fapn1a7l 2
A151971 2 wansdulszneuUfisen PCR (Master Mix) dwidu 1 feghamagey (Reaction)

d2uUsenay/ 1 reaction

2X gPCR Master Mix 10 lulpsans
Legionella spp. Primer/probe mix 1 lulasdns
Internal Extraction Control Primer/probe mix 1 lulasang
nuclease-free water 3 lulpsang
DNA sample (Template) 5 lulasans
Final volume 20 lulasans

a) vwiaen PCR flussgdiutsznoundnvesujizen PCR idadoafiuyiunans
#{ugnT3u (Real-time PCR) 850 Analytik Jena Ju qTOWER3 Tagld DNA wosLde
Legionella pneumophila LﬂuﬁmaU@uwaU’m wag nuclease-free water LJuan
AuauHaau tnsanmzresUiizen PCR seddentsnadl 3

A543 amamaaﬂﬁﬁ%mﬁm%’umsﬁmﬂ%mmmsﬂ’uqﬂﬁmaaLs'f'i”a Legionella spp.

YundU QU 128 IUIUTOU
Enzyme activation 95 DIALYALTYE 2 U 1 50U
Denaturation 95 peALTALTYE 10
. . ~ =~ - 50 58U
Annealing and extension * 60 DIANYRLYYE 60 UM

* Judumeundnsiiudayanisieuaivaanssouantvung fe FAM

AN 12 TURBUNITHIEN master mix waENIIAIAIAN1IEVRIUATEN
dmiunsiiuUSunnensiugNIIuYee Legionella spp.
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5) nMsuwdananisnageu
5.1) foUNIWUaNaNISNAADUAIDE19ABINTIADUAINITAIUANANAINNITNAFDY
ynase fail
- m919d0USNWE curve va4 real time plot 310U curve fifldnwaizund
(S curve: Typical curve)

Typical CUINVe | —— e

AN 13 Snwzvesnsndanwazunid (S curve: Typical curve)

- Positive control siaslviAn Ct value aglugianifimun (eglute 16 fs 23)
- Negative control 14 Nuclease free water W Negative control VJﬂﬂ%ﬂIUﬂﬁi
UGS PCR fiasdiasioslaidlen Ct values

Intensity [I]

10000

v Positive control \ . Positive control \

5000

darn
)

Negative control Negative control

2500 -

Cycles [n] Cyce

Al 14 Snvaugvesnsl Positive control way Negative control
(A) A raw data (B) A@ calculate Ct

- Internal control I¥dmSunTIABUANAMYDITURDUNTANAHITHUTNTTUIN
A79819 wagn1sinufisen amplification Fslun1snaasudeuansAn Ct ¥a9
Internal control Liteguduinduneunisannuwazn1siinufisen amplification
1d 1 s
Julvegsauysal

. . < Y] 1 a o go’ o % 1 04 LY 1

- Duplication \Juf0814M11131nN1591191 Ingvingiegeloy 10% voed081s
wiazyavagey Faredlinanisnaaeuwmileuiumegrane iy

nsdlinnisauauamunmliiudedinismanveiasiiluaurInsnIuANAMAN

N1UAsENNNsawlananIsnaaaula
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5.2) Msulanan1snaasusiiegg
AsEURaIINNTIMALFURUS ST uauseuTFlun s nUT I Es
#ugnITuaLannTanTainld (Cycles) uazUinauas Fluorescence Mingaaials
5ﬂué‘haemﬁafliﬁuqmimaqL%a Legionella spp. 8¢ azuansanvmuzns iy
S-curve i lifaruansdnwaznsidudunse lneannnsimasnsasienuladu
A1 Ct F9an Ct Ao Sruruseudildlunisifinu3unn DNA Whuue sudessaud

LS89 PCR @131500523 3019 N155189uNanag@eualiunisninised 4

A15199 4 N1sularan1sVeEaU LAe#ia1sunINeT Ct WAAINITATUANANAN

Target Internal Positive Negative NNswUaNa
control control control
< 30 +/ - + - WULTD (Detect)
> 30 + + - wuLlle (Detect)
> 30 - + - wuLlle (Detect)
- + + - lanwuide (Not detect)

Intensity [1]

10000

7500 <

2500

Detect

Not detect

dRn

75

Detect

A 15 dnwarns1NUeIiIng 19N NUe (Detect) wazlinuwa (Not detect)

(A) Ap raw data (B) A calculate Ct
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3.4 YUABUNITATIVABUAQIUYNABIVDIIT AU ISO 16140-2 : 2016 - Protocol for the

validation of alternative (proprietary) methods against a reference method

Uszneusaensane 3 @ fal

3.4.1 nM3Ane1AUla (Sensitivity)
Juns@nwiSeuiisunansnegeuseningisendaagismadenitdainnula
(sensitivity) fiuansnafunield sudunsel

3.4.1.1 NIAALRBNNGUABENMATDU/ITUIUAIBENN
1) pqudled1e Areg1anfITeAnlun1sANY Ao ngudieenen (categories)

Usznaumemeeng 3 Uselam (types) laun
fag1gunintlrotuin
fegaanfionii

g NNy IEAUIANS

1n81NA10819UAaZUTEANUINAZDULUDIAULINOATIAN LB Legionella spp.

I dy o 1 CY) 1 d' -&I a a6 a %
Habinuiie vilvliaiuisanidiegraivuidouldunsdn1usssueiila

(naturally contaminated samples) lusuideasefidaldludaog1eniinng

WLy (artificially contaminated samples)

2) T1UMegs TunsnndeuiiegeuaazUsslam (types) Mn1smageu

Uszinnay 20 fee1d 2y 60 #1989

3.4.1.2 nswssudagelivuilaul¥eagaunsd (artificially contaminated

samples) 1ag35 Spiking d1msunisnagaundula (Sensitivity)

1) mswssumegimadey Tun1sanwianula (Sensitivity) AMeganageuLaay

Useinm deanudndiuveanaudn (fractional positive result) aglugag 25-

75% V999198 19uAazUsEAN (Fre819nnaaaulumISIANAUINTINLS YIDNA

AuUNINNA) Usunsuedla819nly Ao 250 Hadansme test portion lae

FUIUADYNADIUATHY WAAIFIATIN 5

A15199 5 WAAIUTLLANAIDE19 1UIUAIBE19 wazUSuratad 1 suLauly

feg1e d@msunisAnwnuly (Sensitivity)

Uszanaaegng ITUIUAIDEY Vunaudadiiu Foiu

dhanilnthenuii 5 Liiinde (0 cfu/ml) L. pneumophila
5 i (107 cfu/ml) (DMST 12800)
5 nae (10% cfu/ml)
5 ge (10° cfu/ml)

vharnfent 5 lifisde (0 cfu/ml) L. pneumophila
5 i (102 cfu/ml) (DMST 12800)
5 na1s (10* cfu/ml)
5 g1 (10° cfu/ml)
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UseNNA9819 AMUIUAIBENY USunanediiy e
ﬁmﬂis AUDIAT 5 Lhdnde (0 cfu/ml) L. pneumophila
5 A1 (107 cfu/ml) (DMST 12800)
5 nang (10 cfu/ml)
5 g1 (10° cfu/ml)

2) mawBlpgAunisidiad
2.1) ¥de L. pneumophila (DMST 12800) 310 stock culture LUNIAE
VUDIMNSLAB9Ee buffered charcoal yeast extract agar (BCYE agar) i
fid1uUszneures L-cysteine dnlUunfigungdl 35 +1 ssawaidoa

Junan 3-7 Ju

2.2) dlplaiiide Lpneumophila azane (resuspened) luansazanetilies
Tnusumnugulvifisusinfu McFarland Standard No.0.5 Gsazdlide
Usgana 1.5 x 10° cfu/ml

2.3) ¥n13130910 08U U serial 10-fold dilution #re@sasasUines
Jufssziuaududu 102 cfu/ml fanmd 16

2.4) Ynsiudiinandelutismsidens fewmaia spread plate Uu91919
Apaido BOYE agar Unflgmumndl 35 +1 asasaidea Wunan 3-7 fu

2.5) fusruaulalailuy BCYE agar plate 9:n31uUSu oo aduasa
(cfu/mD) Tiduasdlusrognmnaaey

10-fold dilution
eg. 1 mlin 9 ml
diluent

Y U \

Culture resuspened 107 dilution 10" dilution 107 dilution
McFarland Standard No.0.5 Expected 1.5x10° cfu/ml  Expected 1.5x10° cfu/ml  Expected 1.5x10% cfu/ml
1.5x10% cfu/ml

(%
a 6 Y v Y U =

AN 16 N151391RYAUNTINBRIRY dmTufinwiaiull (Sensitivity)
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3) MIlAuTeqaunadsnddusiegrmagoy (Spike sample)
wispndosnadiu 3 nau dail
3.1) nswSeuiegnsianilntheiut wavua 20 feths Ussneude
- fhegrahaniindionuh USuams 250 fiadans s1uau 5 990
Tdisde (0 cfu/my)
- fhethahaniinthorud Ysunes 250 fiadans $1uau 5 vn

a

WD IEAUA (1.5x10° cfu/ml) vanay 1 Nadans

[

- AMpYNUINHNUIDIULN USH9S 250 HadanT 911U 5 U0

a a

WlYeszaunand (1.5x10% cfu/ml) vInay 1 Nadans

- MpYNUINHNUIDIUYN USH9S 250 HaganT 911U 5 U0
WBsEauUad (1.5x10° cfu/ml) 198 1 aaans

3.2) nswSeuiogninandontn siwun 20 Foghs Usznaudae

~ fheghatnanfeniin USunng 250 fadans $1uau 5 v
Talidiude (0 cfu/ml)

- fhethahanfenth Usims 250 Tadans S1uaw 5 290
Bz (1.5x102 cfu/ml) vanas 1 Tadans

~ fheghatnannfeniin USunng 250 fadans $1uau 5 v
Baneszsiunan (1.5x10° cfu/ml) vanae 1 Jadans

_ fheghatnanfeniin USunng 250 fadans s1uau 5 v
Bandeszsiuas (1.5x10° cfu/ml) 9908 1 Tadans

3.3) nMaweufogainUseduetas e 20 Fega Usznaudie
- ﬁaasmﬁmﬂizé’ummi U3Ums 250 dadans 311U 5 970
laiifisnde (0 cfu/ml)
- fhoghainnUsedueIms Usung 250 adans S1uau 5 190
Fandfesedum (1.5x107 cfu/ml) 1inae 1 fadans
- foghainnUseduenms Usung 250 adans S1uau 5 190
Fdeszdunans (1.5x10° cfu/ml) vana 1 Sodans
- ﬁaasmﬁmﬂizé’ummi U3Ums 250 dadans 311U 5 970
8

WDsEauad (1.5x10° cfu/ml) 1198 1 aaans
- 9
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T3iifde LALLTD e Ao
1.5x10% cfu/ml 1.5x10% cfu/ml 1.5x10° cfu/ml

11 ml 11 ml 11 ml

N
S %,

X 5 4 X 5 4 X 5 @ X 5 4

AT 17 NMSesENRIRgTiNGe (Spike sample) dmsudnwaiiula (Sensitivity)

3.4.1.3 FuUABUANSNAFEY
dowmdpuietslundazuszsinniSeviosuds thluneasutitonsraniide
Legionella spp. feABimnzideate uayds Realtime PCR audo 3.3
3.4.1.4 nsuwuananisnagau
1) thwansnadeuaInig 2 38 TBwziasade wazds Real-time PCR 1
AU AT Sensitivity 989359194880 (SE,y), Sensitivity 9893591984
(SEe), Relative trueness (RT), False positive ratio 985359194890 (FPR)
2) wlanansnadouresusasfiogns fan1ssil 6

A5199 6 NSLUAKNANISNAFDUIINIDD19DILAZITNIUEDN

Ionegeu 381989 GRmzapade) + | 3381981 GRnzidsaie) -
n9Lden (Real-time PCR) + +/ + (PA) -/ + (PD)
Wnaden (Real-time PCR) - +/ - (ND) -/ - (NA)

NUEW)
- Positive Agreement (PA)  f® FrogailiinauIniizmadon (+) Layisendds (+)
~ Negative Deviation (ND) Ao fhegnsiilinaauseismaden ()

WAlANAUINAILTED1984 (+)
- Positive Deviation (PD) Ao shegefilinauinsedmaden (+)
WA lANAAUAI83D81984 (-)
- Negative Agreement (NA)  Ae  fognaitliinaauiaismaden () uagisensds ()
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3) Mndeyaasunsidananisnaaeulunse dideyaundinmaseluil

- Sensitivity U9935M19800 (SEy) =

- Sensitivity U943501989 (SE ) =

- Relative trueness (RT)

- False positive ratio (FPR) 9043591191890

- Positive predictive value (PPV) =

- Negative predictive value (NPV) =

PA+PD

X 100
PA+ND+PL

PA+ND

X 100
PA+ND+PD

PA+NA X 100

NA+PA+PD+ND

PD

X 100
NA

X 100
PA+PD

_NA %100

NA+ND

4) ARFUNANISNAABUVDIIONIUADA IAEAIUIAINULANA19TEWING (ND-PD)
LazALIAHATINYEY (ND+PD) udathariiduiald Tunsavaeuineglugi
Y04UnT1AN158BUSY (Acceptability Limit; AL) 38 ly vnnxansAuIneg
Tu919991PN1580U5U KARIINITNIUABNNIUNTINTEDUSU

A519% 7 NSHRAUNANISNAFDUVBIIONLADN

IUNGUIIBE (ND - PD) (ND + PD)
(categories)
1 3 6

ALY

ND = §1U2UF10819911iNa Negative Deviation

(Winaaumedsnaden wilinauinaieisuinsgiu)

PD = 91u3umeag9ilving Positive Deviation
(Winaunmedamaion wilinaaumieaunsgiu)
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34.2 n1sANEIATANgATia1u150A52aNULE (relative level of detection: RLOD) 1y
nsAnwieYsziliusziunsUudouvede Legionella spp. 7133 Real-time PCR uas
iﬁwaLgml,%a a111509539nuUlA (level of detection; LOD) wazAudaduAn Relative
level of detection (RLOD)
3.4.2.1 MIAALEINNFUADYNNAFIU/INUIUATDEY

1) ngusege dwunmsdnumaiigaianansonsiawuls (RLOD) Megsildas
dadenaindaegnaiiies 1 Ussian lnemegeifideidonduiunsdnu fe
fhegraihusznmhanilntieu dieltidusunuveanguiodimaaey
Tnelusuiseasedldifudodefiiinnsiuie (artifically contaminated
samples)

2) $1unuiesns lunsvaseudesinmafinie 3 sefu s 30 degns

34.2.2 n1sm3sudaagrelivuiiouideoqdunid (artificially contaminated
samples) 1ag35 Spiking §1%5UN15%1AT RLOD

1) mae3eudiegrmaaey lunsAnuiAidaniiamisansaanuld (RLOD) 19

FOUNILANLTD >3 26U azgnaledl asil
o A a & . ! v o v

- szaufl 1 ldiRude (negative control level) naaauag9tios 5 91 (Ao9
ldwunauan mnwurauIn sevihmmegeulud nnseav)

- 5EauRl 2 Whueseausi (low level) Fadusyaunlsinauan (fractional
recovery) 91U 25-75% VDI TIUIUAIDENTIIANA LAgNndeuat19tey
20 1

- 5¥AUN 3 EUERIEAUAITY (higher level) FaluuSunadinnnninsesiumm

1%
o

\Antiey NAdaUaEILes 5 91
USN1R5U03A2108197117 AD 250 Hadansne test portion 1AETIUIUFIDE1IN
HOMSEL LARNIFINITINN 8

A15199 8 LARIUTELANAIDYNT 1UIURIBENT kazUSunantad nsuinlumagng
dmsunisinwirsnanfaiusansaanule (RLOD)

Useandaegny | sEAunISAN U Vunaudafihu oy
e 29819
dranilnthenui | idude 5 (0 cfu/ml) L. pneumophila
Foszush 20 (10'- 107 cfu/ml) | (DMST 12800)
(low level)
Hoseiugeu 5 (10° - 10* cfu/ml)
(higher level)
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2) MawspTelAuYaHinsdeiy

2.1) ¥do L. pneumophila (DMST 12800) 310 stock culture LMD
ULeIMSIABLTe buffered charcoal yeast extract agar (BCYE agar) il
dUsEnaured Lcysteine UnlUvuflgnmadl 35 1 ssrneaidoa u
a1 3-7 1Y

2.2) dlalailide Lpneumophila avane (resuspened) luansazanetines
Tneusuaauguliiifieuiiifu McFarland Standard No.0.5 Gsasfiide
Uszaal 1.5 x 10° cfu/ml

2.3) yn1sideanadenuy serial 10-fold dilution dredsazaradines
quieseiuaudndy 10 cfu/ml fanwdi 18

2.4) ¥mstulinandelurasnisidens fewmaia spread plate UU9I11S
Aeaido BOYE agar Unflgmumndl 35 +1 asmsaidea lunan 3-7 fu

2.5) duarurulaladiuu BCYE agar plate 987510 USUIUITDAIAUITS
(cfu/ml) Mpnasiusegmagey

10-fold dilution
eg. 1 mlin 9 ml
diluent

Y U \

Culture resuspened 10” dilution 10 dilution 107 dilution
McFarland Standard No.0.5 Expected 1.5x10° cfu/ml  Expected 1.5x10% cfu/ml  Expected 1.5x10" cfu/ml
1.5x10% cfu/ml

AW 18 N313091RAUNSIIBRIRY dmSuAnwAgaaunsansIanula
(relative level of detection: RLOD)

3) MaiuagauvsdaBluiietanaaay (Spike sample)

WSHUAIDENS HIT

3.1) mswRsuiogshaniindieut vavun 30 ogns Ussneudae
~ fhethahaniinthonuth Usunes 250 fadans s1uau 5 v
Tudiude (0 cfu/m)
- fhethahnaniinthonuin Usinmg 250 dadans
Badoszaus (10! - 102 cfu/ml) visay 1 fad
~ fhethahanniinthonuth Ysunes 250 fadans s1uau 5 v

WD IEaUaAsTY (10° — 10* cfu/ml) veas 1 Naaans
SEAUGIUY

U 20 V79
ans
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TaliRundie LAULDTZAUAN WAL aTEAUAS
10%-10% cfu/ml 10%-10* cfu/ml

11 ml 11 ml

-

X 20 %

a a Y A a & . ° o = e N v
AN 19 NITATIUNIBY1NLEIULYD (Spike sample) mmummmmqmmmmiamwwﬂm

(relative level of detection: RLOD)

3.4.2.3 YUNBUNIINAGDU
Wowmssusega3suiosudl irlunadeuiiensianaie Legionella spp. e

AWLLADUTD WaEIS Real-time PCR lag@dun1smiy 99 3.3
3.4.2.4 n1suUanan1sNaEau

NsAWIUwarn1swlanadl RLOD
1) RLOD angi 8ns1adiuseningmn LOD Yasioniaden (35 Real-time PCR)
LazAn LOD 1893581981 (FRmnzias o)
RLOD = LODg4t
LOD;ef
2) @ miuusarngufi0g19 (category) A1 RLOD 9z Uszualuguves

complementary-log-log (CLL) model Auaaldlusunsy Excel RLOD
calculation program

3) 11A1 RLOD ficwadldiflsufiudndrinnissensu Acceptability Limit (AL
TnaAn AL favualdfl 1.5 nunefis A1 LOD sadsniadenvzdodliiiu 1.5
WiwesAn LOD 1893561989 wanidufivensu mine LOD vedisniaudensi
A91A" LOD 9o9i88n9ds insnziumuneds Samadonilenansranuidels
Tusziumsuuiouidinin3zsn s
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3.4.3 N1SANYIANNINNIE (specificity)
Humsanviitelinsuimuansavedismadenlunsasianuierimng (Tarcet
microorganism) waznsalinudedildlydertmane (Non-target microorganism)
3.4.3.1 N1IAALRBNNGNA2DE1NATDU/IMUIUABES
nsAnEAEs I (specificity) vedisnadeunsell asiaaeulnglfidonuniise
fiasneg Anuldluihanndaandon S1uam 8 aneus Usenaude Legionella
pneumophila, Escherichia coli, Klebsiella pneumoniae, Klebsiella
aerogenes, Staphylococcus aureus, Staphylococcus epidermidis,
Pseudomonas aeruginosa wag Salmonella Typhimurium

3.4.3.2 msm%m??aqﬁuw’%é dwmsuRnenaudnnig (specificity)
1) nsiaisaifeqdunigsndedadudmiuduidowanute (Target

microorganism)

1.1) Yo L. pneumophila (DMST 12800) 310 stock culture UNNZLA D
VuEMSIABNTe buffered charcoal yeast extract agar (BCYE agar) il
d1UsEneuves L-cysteine thluvufigamndl 35 +1 ssmiwaldea 10y
a1 3-7 U

12) thlpladiide L.pneumophila agany (resuspened) luansazanaUnines
Tnsuuautuliifisuviifu McFarland Standard No.0.5 saeilide
Uszana 1.5 x 10° cfu/ml

1.3) ¥1n151889190 80Uy serial 10-fold dilution fasasazaredines
quilesziumududy 102 cfu/ml (USunandednsuldou fio Uszuna
1.5 x 102 cfu/ml) fanwil 20

1.4) hnstfulSinandsludianisiiess dewmaia spread plate Uuems
\Aeaidle BCYE agar Uuﬁqmwgﬁ 35 +1 samwaldea Wunan 3-7 Ju

1.5) tushwalelaiiuu BOYE agar plate ns1uuSinandonsduais (cfu/ml)

1 — 1

10-fold dilution
e.g. 1 mlin 9 ml

diluent

Y \V \

Culture resuspened 107 dilution 10 dilution 107 dilution
McFarland Standard No.0.5 Expected 1.5x10° cfu/ml Expected 1.5x10% cfu/ml Expected 1.5x10? cfu/ml
1.5x10% cfu/ml

AN 20 N151999194%9 L. pneumophila dnsuAineAudWg (specificity)
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2) NMsie3euTegaunsdonsdedadudmsuludedilaltitmang (Non-target

microorganism)

3

2.1) WeauvsgaaBanlddmiunaaauauT g 3IWU 7 angnug
WARSAINITIN 9

M19197 9 WedunsdoedmlddmsunaaaunuT e

N15NAFOU \WanadoU sWadeqdundd | Uude
ANUIWNE | Escherichia coli DMST 4212 10% cfu/ml
(specificity) | Klebsiella pneumoniae DMST 7592
Klebsiella aerogenes DMST 8841
Staphylococcus aureus DMST 8013
Staphylococcus epidermidis DMST 5868
Pseudomonas aeruginosa DMST 4739
Salmonella Typhimurium DMST 562

2.2) dndonaasuniuateiugdiafu an stock culture 11 streak asu
81%15 Tryptic Soy Agar (TSA) ﬁuﬁqqu:ﬁ 35+1 °C \Juian 24+2
Flas

2.3) @enlaladhieiildanmzdssasly Tryptic Soy Broth (TSB) 10 fadans
ﬁmv’ﬁy@ﬁqmwgﬁ 35+1 °C e 24=2 Falug

2.8) ¥nsiFeaadonuu serial 10-fold dilution fheansazareTvlles fus
10" quds 107

2.5) nrstulsunandelutaanisideans semaila pour plate Tuems
\duade Plate Count Acar (PCA) UnlUUuT 35+1°C \Juiaan 242
Falue fanmdl 21

2.6) tfusnulelaiiuy PCA szmsudsinandesdu (cfu/ml)

2.7) ¥imsiFoaadeauuu serial 10-fold dilution fheansazanetied 13la
deagluseduiisasns fo 10° cfu/ml
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10-fold dilution I

e.g. 1 mlin 9 ml

diluent

Y \V \V

Overnight culture 107 dilution 107 dilution 10” dilution

USinaudonadiy -
3 x 107 cfu/ml

AW 21 N13RRERALNIEa B lilYwaidming dusufnwimudmieg (specificity)

Expected 3.0 x 107 cfu/ml Expected 3.0 x 10* cfu/ml

3.4.3.3 TUADUNTNAGOU
ﬁwﬁaaﬁuw%émmgm puUFiniinenTanvaseufeinnisate uagis
Real-time PCR lag@tiiun13niu U9 3.3.2 ey 3.3.3

3.4.3.4 nsulananismagau
\Worlhmane (Target microorganism) @unsansianulddedsinnaoy wazided]
Tuflieiimane (Non-target microorganism) fawnsalinugedssenan:

3.5 A15UsEIUANEDNARDISENIN9I5 LauldanA kappa analysis

3.5.1 MIANLBBNNGNAIDENNATIU/ITUIUAIDEN
1) nauA10813 @19FUN1TUTEIUAIINEDAARDITE1I1975 Real-time PCR wazds
Wz ade fedrefildifufiediainfidinsiannide Legionella spp. M114
#o9UfUANS (naturally contaminated samples) Lariieg19iiude (artificially
contaminated samples) 88198 35 $19879 INUIUTIU 70 F9LN
3.5.2 mawn3eudiagnslivuitioudoqdunds (artificially contaminated samples) Tng33
Spiking diulsziunIUdaNARDY
1) maw3sadedmeany MHiegnmnaey S1uan 2 g il
- qpdl 1 fedsfidsmamaiosuiins Taglidude S1uau 35 Feghs
- qpdl 2 fedefidsnmamaiosjiing Taeifiuie S1uau 35 e
U3u1msveuiiegeiild A 250 fiaddnsse test portion Inesuiudiegafideanies
LARIFINNSIT 10
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A15199 10 USELANH98719 31UIUMMBE19 wazUSunadiadmsudnlusiegns d1usunis
Uz UAMUADAAADITENINGID

yafl | Ussinndnegng Sy | Uhnadeiidy \Waiidu
29819
1| sheditldiiunde 35 0 cfu/ml L. pneumophila
2 | fhednafiiiude 35 102- 10° cfu/ml | (DMST 12800)

2) mawdsdeqdurigsnsdeuiy

2.1) viide L. pneumophila (DMST 12800) 310 stock culture UNEELIULEINS
L?;IENL%E] buffered charcoal yeast extract agar (BCYE agar) fiflduusznoues
L-cysteine thlUuuiigamgil 35 +1 ssaiwaidea 1uan 3-7 Yu

2.2) dlplailte L pneumophila azane (resuspened) luansazanetvies Ineusu
aruguliifisuiiifu McFarland Standard No.0.5 @sagilidieussanas 1.5 x 10°
cfu/ml

2.3) ¥imsiFeaadonuu serial 10-fold dilution FreansazareTrlles aufssesu
Avudy 10 cfu/ml fannd 22

2.4) ¥hmstusSinandeluriinsidens frewmaia spread plate vuesiEsude
BCYE agar Unflgamail 35 +1 ssmiwaidea iunan 3-7 Ju

2.5) Tushuaulaladiuy BCYE agar plate asnsuuSinasdessmuass (cfu/ml) 7
aslusnogmageu

10-fold dilution

e.g. 1 mlin 9 ml

diluent

Y U \

Culture resuspened 10" dilution 10 dilution 107 dilution
McFarland Standard No.0.5 Expected 1.5x10% cfu/ml  Expected 1.5x10° cfu/ml  Expected 1.5x10% cfu/ml
1.5x10% cfu/ml

1%
a6 Y a o v o U

AN 22 N15138UBAUNIER19BRIY 1MTUNTUTHIUANUADAARBITENINTD
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3) NSLALLTBIAUNSEDN9DIluMIBE1INAdaU (Spike sample) W3BUAIBENY Ratl

=

3.1) thiheghaihiidwmsamsiesufiing uladu 2 g0 Usznoudae
- it 1 fegeilaiifnie Uuns 250 fiaddns 1w 35 1n
- il 2 fhogeifuite Y3inms 250 Sadans S 35 10

3.2) indeiiwdenliluiediaimeil 2 Tnadudesedu 107 - 10° cfu/ml) vinay
1 dadang

f08199 A798199L ALY
Taifudie (10%- 10 cfu)

11 ml

P &
%

X 35 f9g X 35 §e19

AN 23 NSIAENFBLNTlALTe (Spike sample) A1M5UNTUTHEIUANLADAAADITEIINNTD

3.4.2.5 YupUNITNATEY
slewSeumethaieudesuds tlunadeuiionsiamide Legionella spp. &3
FRnziEsate uards Realtime PCR lnosiniunisau o 3.3
3.4.2.6 Msulanan1sNAaau
thuansnaaeuiild 1Fnm1eEta
- ANIUDRTIEIU Kappa

Kappa = P, - Pe
1-Pe

108 P, AB NATINVDINANARBUNATINUIINASNAADU
P, = (PA + NA) /N
P. Ao maTauvesautazuiinseiuainAimands (Expected)

Pe = (PA (expected) + NA (expected)) /N

- MsHUaAINNNNEURIAEDR Kappa Nfuialafiansaundenisned 11



-45-

A1919% 11 nsudananuaenAded (Strange of agreement) UasAERRA kappa

AanR kappa

VUIAANNFDAAADY (Strange of agreement)

<0.00 we (Poor)
0.00 - 0.20 oy (Slight)
0.21 - 0.40 wald (Fair)
0.41 - 0.60 Yunans (Moderate)
0.61 - 0.80 f (Sub Stantial)
0.81 - 1.00 Axn/Aoudnsanysal (Almost Perfected)
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un 4
NAN1SANEI

4.1 HAN1IATIVEBUAIINYNABIVBIIS M3l ISO 16140-2

NASANYNUTIULNBUTENINIT Real-time PCR (35M191d80n: Alternative method) AU35

WNzEsde (3381989 Reference method) mansAnwutadu 3 dw fwielui

4.1.1 wan1sAne1n1ula (Sensitivity)

Hunisineitew3sudisunanismadeusenindsmizasaie wayis Real -

time PCR F1fidAaaila (sensitivity) Awpnsnsfuvdolal viansvaaoulunguiiegian
Tngidonsunuainiegnei 3 Ussnn laun &’aaﬂwﬁ;’mﬂﬁiﬂﬁ”gmuﬁm Freehatnan
ﬁamf'] ﬁaa&mmﬂﬁwwﬂﬁvﬁumms UszLanas 20 fethe wazldidudegeiifiimeiiy
Lsua (artificially contammated samples) mLuumimaaummumau/ama”mvul"ﬂu
FUABUNITATIINLT Legionella spp. M199103U URNTS NAN1INAADUVBIRAIDE
LLmaz‘UizmmLammmmw 12, 13 wag 14

A1519% 12 wan1snaaautazn1sulanavaefiag11aniniaauin

Vsnaudediiia NANISNAEY nsuana
(cfu/Test portion) SRWziAe Yo Real-time PCR
0 cfu Not detect Not detect NA
Not detect Not detect NA
Not detect Not detect NA
Not detect Not detect NA
Not detect Not detect NA
5.1 x 107 cfu Not detect Not detect NA
Detect Detect PA
Not detect Not detect NA
Detect Detect PA
Detect Detect PA
4.6 x 10 cfu Detect Detect PA
Detect Detect PA
Detect Detect PA
Detect Detect PA
Detect Detect PA
4.0 x 10° cfu Detect Detect PA
Detect Detect PA
Detect Detect PA
Detect Detect PA
Detect Detect PA
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A1519% 13 Wan1sNAaaULazN1swUaNavB9R2881911INNBNUN

Vsunaudodiiia NANISNAEU nshuana

(cfu/Test portion) SwsiAsate Real-time PCR

0 cfu Not detect Not detect NA

Not detect Not detect NA

Not detect Not detect NA

Not detect Not detect NA

Not detect Not detect NA

5.1 x 10% cfu Detect Detect PA

Detect Detect PA

Detect Detect PA

Not detect Not detect NA

Not detect Not detect NA

4.6 x 10° cfu Detect Detect PA

Detect Detect PA

Detect Detect PA

Detect Detect PA

Detect Detect PA

4.0 x 10° cfu Detect Detect PA

Detect Detect PA

Detect Detect PA

Detect Detect PA

Detect Detect PA
M54 14 wan1sagaUaEMILaNATaR IRt MU sERUBIAS

Vsnaudoiia NANIINAEY nshuana

(cfu/Test portion) Bmndsaide Real-time PCR

0 cfu Not detect Not detect NA

Not detect Not detect NA

Not detect Not detect NA

Not detect Not detect NA

Not detect Not detect NA

5.1 x 107 cfu Not detect Not detect NA

Not detect Not detect NA

Detect Detect PA

Not detect Detect PD

Detect Detect PA
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USanaudediia NAN1INAEY nshUana
(cfu/Test portion) SwsiAsate Real-time PCR
4.6 x 10* cfu Detect Detect PA
Detect Detect PA
Detect Detect PA
Detect Detect PA
Detect Detect PA
4.0 x 10° cfu Detect Detect PA
Detect Detect PA
Detect Detect PA
Detect Detect PA
Detect Detect PA

a3UNaN1SUSEUIBUN1SATIANTD Legionella spp. AETBMNELAEUTD WaL5 Real-

time PCR Tu@1981911 91874571 60 A18819 LAZAIUIUMIAT Sensitivity U997 Real-time PCR

(SE.w), Sensitivity 9933510 1218891%8 (SEe), ﬂ'ﬁmmgﬂéfa\‘i (Relative trueness), False positive

ratio U9435 Real-time PCR (FPR), A1vinunanauln (Positive predictive value : PPV) WagA1vinung
naayU (Negative predictive value : NPV) Lan9a36115719%1 15

M15197 15 agunanisfnwiaaula (Sensitivity)

Method 19 Real-time PCR
SEau SE ef RT FPR PPV NPV
NAUIN | HAau
Awnziaes | wavn | PA=38 | ND=0
x 100% | 97.44% | 98.33% | 4.76% | 97.44% | 100%
LD ABKA PD=1 | NA =21

MnuanIIegeUnUINAIAINLI (Sensitivity) ¥0438 Real-time PCR (SE.i) Soay 100,
A1A11wl (Sensitivity) 984381MzLABaLT0 (SE) Yo8as 97.44, Armrugndesdusing (Relative

trueness) $98ay 98.33 fiA1 False positive ratio 98935 Real-time PCR (FPR) $98@ag 4.76,

A1YIUIBNAaUIN (Positive predictive value : PPV) Sa8az 97.44 uagA1vinuenaay (Negative

predictive value : NPV) $98@ag 100

WIDATUIAIAINULANANITE1IN9 (ND-PD) kazAuIiNasuuad (ND+PD) Alaa1nnns

naaou WlUisuiuY19veslndnian15eeusu (Acceptability Limit; AL) WudHan1snaaauay

Tugr9veedndnAnn1seeUsy Lan9I135 Real-time PCR da1a31ula (sensitivity) liunnfn9a1n3s

& & [ A
WANZLAENLYD LERAIANIAITINN 16

a15197 16 Insinnseensu (Acceptability Limit; AL) vasnsfinwiaula (Sensitivity)

SRRz IR Indninn1seeusu HANTNAFDUY
(categories) (ND - PD) (ND + PD) (ND - PD) (ND + PD)
1 3 6 1 1




-49-

4.1.2 Wan1sAnw1A relative level of detection (RLOD)
Fumsanvudieuidiey deussfiudusunants Legionella spp. si"wqmﬁ'mmﬁa
as29nUle (level of detection: LOD) 98935 Real-time PCR Wisufuismziasadolay
Auanduen Relative level of detection (RLOD)

A1599 17 nan1svegeuLilenIAImgnausansianule (level of detection; LOD)
98930 Real-time PCR Lagisin1giagaae

sydumsiiude Vsunaude NAN1INAEU
(cfu/Test portion) Culture method PCR method
(GVPC plate)

S (negative 0 cfu Not detect Not detect
control level) Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect

Foseius (low 2.4 x 10%cfu Detect Detect

level) Not detect Detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect

Detect Detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
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ssiumsiude Vunaudle NaNIINAEIY
(cfu/Test portion) Culture method PCR method
(GVPC plate)
osysusi (low 5.9 x 10%cfu Detect Detect
level) Detect Detect
Detect Detect
Detect Detect
Not detect Detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Detect Detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Not detect Not detect
Detect Detect
Detect Detect
Not detect Not detect
Detect Detect
Detect Detect
Not detect Not detect
@m%aﬁzé’uqasﬁu 2.4 x 10° cfu Detect Detect
(higher level) Detect Detect
Detect Detect
Detect Detect
Detect Detect
@m%aﬁzé’uqasﬁu 5.9 x 10° cfu Detect Detect
(higher level) Detect Detect
Detect Detect
Detect Detect
Detect Detect

NAITNNUI NTZAUAUTNTU 5.9 x 10% cfu/test portion Tvinan1snaaauil
Juuan 25 -75 % w898 1anadaU N9io Real-time PCR Lagitinnziasaidio fatuen
AanfiaansansIanuls (level of detection; LOD) ¥8e% 2 35 Ag 5.9 x 107 cfu/test

portion
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- MImuIaaznsklanaA RLOD

Ywan1snaaeuildeuanai RLOD Tasldlusunsy Excel RLOD calculation
program TRaN1INAABUAIAITIS 18
A15197 18 man1sAIwIa A1 RLOD 91nluswnsu RLOD calculation program

Name:|Water sample

CFU concentration n, n; Y1 Yz
2.38 20 20 2 3
207 20 20 9 10
3.38 3 3 3
3.77 5 5 5

1
Name RLOD tL{)DL RLODU b=In{RLOD) sd(b) 7-Test statistic  |p-value

-0.124 0.408

Water sample

21NAT519 WUIIAT RLOD winfiu 0.884 F9N1UANNLNaaLiaieunuTnannnng
8o35U (Acceptability Limit; AL) 989A7 RLOD @sAwualif 1.5

4.1.3 Wan1SANYIANUINNIE (specificity) ¥8975 Real-time PCR
Namiﬂﬂmmmmm% (speoﬂoty) suaénﬁ Real-time PCR wuna positive 31n&13
wuﬁﬂﬁmaqwa Legionella spp. wwmwmmsmmaau mLUumaLﬂmmmmmﬁ
NAFoU LaraTalinumIusnIIIveUATIS B, thumaaey LRl

= = o e s
A3 19 NaNITANEIAIUIWNIE (specificity)

N1INAEDY Fonadeu Culture method | PCR method
Target Legionella pneumophila (DMST 12800) Detect Detect
microorganism
Non-target Escherichia coli (DMST 4212) Partial inhibition Not detect
microorganism Klebsiella pneumoniae (DMST 7592) Partial inhibition Not detect
Klebsiella aerogenes (DMST 8841) Partial inhibition Not detect
Staphylococcus aureus (DMST 8013) Partial inhibition Not detect
Staphylococcus epidermidis (DMST Partial inhibition Not detect
5868)
Pseudomonas aeruginosa (DMST 4739) | Partial inhibition Not detect
Salmonella Typhimurium (DMST 562) Partial inhibition Not detect

NUBLNG :

Detect Aa ATIINUAISHUGNITUYDLTD/NUNTIATYVDUIDUUD M SLALNTD
Not detect fia aTaalinuansiugnssuvenaidming

Partial inhibition Ao 81M5lELIRAINNITATUTINITRIYIOATDIAUNEIU
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4.2 namsUsziliuauaanAdadssndned’s Ineldad kappa analysis

A15199 20 Han1IREUIioUTEIIUAINADAARDITENINNID Wneldatd kappa analysis

a1au Uszuamdaagnain NaN1INAgau nsiUana
Culture method PCR method
(GVPC plate)
1 YuesTaiaes Not detect Not detect NA
2 YuesTaiaes Not detect Not detect NA
3 5’1%@5@ By Not detect Not detect NA
4 11;’11% woRafu Not detect Not detect NA
5 5’11% woRbu Not detect Not detect NA
6 ﬂaﬂf’lw Not detect Not detect NA
7 ‘1311‘95 Not detect Not detect NA
8 ‘1311‘95 Not detect Not detect NA
9 ‘Jﬂ“g Not detect Not detect NA
10 ﬁ’e)ﬂjm Not detect Not detect NA
11 ‘Jﬂ“g Not detect Not detect NA
12 idalaed Not detect Not detect NA
13 ‘Jﬂ“g weRbu Not detect Not detect NA
14 ﬂaﬂj’lw Not detect Not detect NA
15 ‘13170’]ﬂﬁaﬂ‘1§1 Not detect Not detect NA
16 ‘lfﬂi?mﬂ’li Not detect Not detect NA
17 ﬁﬂ"f{mmi Not detect Not detect NA
18 thanRenth Not detect Not detect NA
19 ﬁwmﬂﬁ”aﬂﬂ% Not detect Not detect NA
20 | thiweiTaaed Not detect Not detect NA
21 vhisuesroain Not detect Not detect NA
22 4o Not detect Not detect NA
23 nl4eain Not detect Not detect NA
24 4o e Not detect Not detect NA
25 inldanedin Not detect Not detect NA
26 ﬁﬂ%’ weRbu Not detect Not detect NA
27 ¥4 woradu Not detect Not detect NA
28 ﬂa‘ffw Not detect Not detect NA
29 vdaiaed Not detect Not detect NA
30 nl4eain Not detect Not detect NA
31 dnldeain Not detect Not detect NA
32 nldreain Not detect Not detect NA
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a6 Uszinniiegnati NaN1SNAERUY n1sulama
Culture method PCR method
(GVPC plate)
33 dl4oin Not detect Not detect NA
34 ‘U"e)‘lfﬂ‘vg Not detect Not detect NA
35 ﬂaﬂf’lw Not detect Not detect NA
36 duedTaaes (spike sample) Detect Detect PA
37 YuesTaiaes (spike sample) Detect Detect PA
38 vveftadu (spike sample) Detect Detect PA
39 ¥4 veftaduy (spike sample) Detect Detect PA
40 ¥4 veftadu (spike sample) Detect Detect PA
a1 ﬁ’e)ﬂjm (spike sample) Not detect Detect PD
42 nld (spike sample) Detect Detect PA
43 nld (spike sample) Detect Detect PA
a4 nld (spike sample) Detect Detect PA
45 ﬂaﬂj’lw (spike sample) Detect Detect PA
46 e (spike sample) Detect Detect PA
47 vTaiaes (spike sample) Detect Detect PA
48 ¥4 veftadu (spike sample) Detect Detect PA
49 ﬂaﬂj’lw (spike sample) Detect Detect PA
50 dhanfonth (spike sample) Detect Detect PA
51 drldorans (spike sample) Detect Detect PA
52 dnldormns (spike sample) Detect Detect PA
53 thanfeni (spike sample) Detect Detect PA
54 dhanfonth (spike sample) Detect Detect PA
55 dfiuesdaans (spike sample) Detect Detect PA
56 dhiauesioain (spike sample) Detect Detect PA
57 inldveinds (spike sample) Detect Detect PA
58 drldeain (spike sample) Detect Detect PA
59 dnldeain (spike sample) Detect Detect PA
60 dildimndt (spike sample) Detect Detect PA
61 ¥4 veftaduy (spike sample) Detect Detect PA
62 ¥4 veftaduy (spike sample) Detect Detect PA
63 ﬂaﬂj’lw (spike sample) Not detect Detect PD
64 vTaiaes (spike sample) Detect Detect PA
65 dnldeain (spike sample) Detect Detect PA
66 drldeain (spike sample) Detect Detect PA
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a1au Uszumdaagnain NaN1NAHaU nsudana
Culture method PCR method
(GVPC plate)
67 drldeain (spike sample) Detect Detect PA
68 drldeain (spike sample) Detect Detect PA
69 ﬂaﬂf’lw (spike sample) Detect Detect PA
70 ‘U"e)‘lfﬂ‘vg (spike sample) Detect Detect PA

A19199 21 HANIIATUIUAIAIAKTS (Expected) d5UUsTUANNEDAAGBITEIINGID IngldahiA
kappa analysis

Method 35 culture 594
NAUIN NAAU

NAUIN PA = 33 PD =2 35

N Expected (33x35) /70 = 16.5 (37x35) /70 = 18.5

28 PCR

NAQU ND =0 NA = 35 35

Expected (33x35) /70 = 16.5 (37x35) /70 = 18.5
PRy 33 37 70

1) AUIUNINIIEIU Kappa

Kappa = P, — Pe

1-Pe

Tne P, Ao nasIuveINanadaUfinsefuaInnsnaaey
= (PA + NA) /N = (33+35)/70 =0.97

P. Ao naTauveInNtanduinssiuainAAnnla (Expected)
= (PA (expected) + NA (expected)) /N = (16.5+18.5)/70 =0.50

LWNUAT Kappa = Po-

1 -

Pe
Pe

= 0.97-0.50

1
= 094

-0.50

75 Real-time PCR gnUseilulUIguifisuadIuaanAde9veInan1snaaaunuisnisg

X X oy aa , o ¥ & .
WIZLAEATe AeEna kappa analysis Inenadeuludiog 19 Nansanie Legionella spp.

197 8aUJUAN1S (naturally contaminated samples) kagf10819MLANL e (artificially

contaminated samples) 91UIUTIU 70 F29819 LagnUuIIHAINNADAARDIVDIVIIADITD U
s¥AUALIN (kappa = 0.94)
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unil 5
dyunan1sAneLazUatauaLuL

5.1 ayunansAnen

o aa . A o 4 ~ &
INNANITATIVABUAIIUYNABIYBITT Real-time PCR NWRIUNTU LOATIINLTE
Legionella spp. Wu31dAIAINYNABIFUTNS (Relative trueness) Sosay 98.33 fiAAdula
(Sensitivity) $a8az 100 Faunna3Bmzideadenduiduinsgiu (Aanulivedisiniziaes
\Wo Soway 97.44) 59u914iAN False positive ratio ¥8935 Real-time PCR (FPR) So8ay 4.76
Wasnuan1sveaeuiiagaUsendandseiueins 311U 1 dregs Winan1snsianie

aa . I Iaal X & q v & ~ a X vy A ) |
75 Real-time PCR unauan usdsinziasadelimaiduau nsdlilonaindulaiiesaindiegig
Undn1sUuiouraudedus 31UIULIN F99195UNIUNTTASYVOUYR Legionella spp.
vuesiheLdelalunsainiusunandie Legionella spp. a9 wonaniilefinsranveraluy
uncultured Legionella %38 non culturable but viable Legionella lnaludiog19u1iige

, P Y P o &
Legionella spp. YutUouog waoallueiniziaedlilauue i siaende wioo1aduie
mewdn vibiausansanulilanizds Real-time PCR iosanidunsasiamansiiugnssy
V4LTD NANIIANBITINANIINID Real-time PCR finulinnniisimisidesitio nan1smageu
ANUIUNIE (Specificity) WUINTE Real-time PCR fipnudniwigsolts Legionella spp. Miny
UfA3e1tungu (cross reaction) futdauuaiiiseviinduinuldvssluwndsimiuinegey
U 7 ¥l Ingnuinid Real-time PCR finnudnwignodaidmnowazdenlailaidmvune
s X ¥ N x v - X4 X e
11NAINTBINIZLABITE LHBI91NIBNZLANUT LTINS VR0 U (Wenlaly
Wanune) launedau (partial inhibition) Wedsanuisataglaving usaglianvuzlalail
Muanansanialaiiveae Legionella spp. pg1alsinun1sAneiifadidodiina eswindiuau

wiiavoitonUAS Ul dUNUNIN A UTIUIULDE

NNTUTZIIUAIINADAARDITENINNTD Real-time PCR AUASIWzIae4Ye Tnglddagis

[% '
o a

diidinsranide Legionella spp. maﬁamﬁﬁ’ams (naturally contaminated samples) Lag
Frog197iuTe (artificially contaminated samples) wuinlimnudonademsafuszning
2 75 luszeuraudsauysal (kappa = 0.94) UBNINITS Realtime PCR Hafinrnuanunsaly
nsmsradunisvudeuvede Legionella spp. Tusiegraindifivusunandowiios 5.9 x 102
cfu/test portion wazdlANvuneraau (negative predictive value) \ufawas 100 Fuansin
Liifinavee33 Real-time PCR {Juauiledsnismizidsadeduuin #iuds Realtime PCR
FwmuntuswnusfiezunldlussuunisiissSundainiadeinsuuidouve ude
Legionella spp. Wilomssifiunistestutowinnsunsnssasveadonientsldifuissudu
Taladives Legionella spp. Wesnnnisuenlaladidedaduiznsiisidudmiunmsnsanide
75730 wias PCR Wnatisanigindndamsinsdeatiofs 15 wh (@aszez81nSNAREUNIS
#oaufUAn139n 15 Yu mde 1 fu) #eifud3 Realtime PCR AmunduTumngiiag1iduis
m«,ﬁaﬂiumﬁmmmLLazLﬁﬁiz*ﬁqmwuﬁjauL%@MLL%’&&MN6‘] usnmiteaniamnzidsate
Aufiesufuanisiied ilelWldnanisaaeuiisaniiitu mienuiiiedesiiniaisuas
aatenguanisadinanisnadsulullunisidisyanissruinveslsadidounuslaogng
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U9 Tneaa 1ISO 16140-2 : 2016 warn1sUsiiuAmNUaanAdeIsEINeIs Lagltaia kappa
analysis WUIMHANITVAFDUNIULNUINNITEONSU (Acceptability limits) W waglanadey
fliumneneanndsuinsgiu GRmnzidsande) Kuiuiesufjiinisamnsardimmaande
Legionella spp. g5 Real-time PCR unldnneluviesufuminisidegnegneias
naannsanwadel Welsuiumsinwvesindsedug nuiilaudenadesiu i
3Ty v09 Daniela Toplitsch (2021) Na1271 FBnsinzidende Legionella spp. A1NAIDE
ihilanugsen Wesnasdadduszaunisaimeiesjifing deddszsrnandeudrounily
N1INAFDY i';m/?l'jﬂuéhasi’mf']ﬁﬂﬁmsﬂuﬁjawuaqL%a?iuq SruaunnyliBasuniusenanis
naaould {AseTainsAnyiioudivusenindBnsisaton 15O 11731 AU35 gPCR #s
AnRan1sageUNUdn 33 gPCR dnaaufuidesulddunn saustedainnuaunsalunns
599908 Legionella spp. AilUsunasqly Fafiednitdanunsathunldlunisyiuienie
Uszillugniunisainisszuinvedsadiisuwusluaniunisalgnidulaagralivss@nsain
T8989 Deborah A. Wilson (2003) #n¥1n159929%1 mip gene Yoo L. pneumophila
P85 real-time PCR Imwmaauﬁ’m‘%’a L. pneumophila 27 isolate, Legionella aﬂ%ﬁaue] 20
isolate, Lwﬂﬁﬁamaﬁuﬁ:guq 7ilad1e Legionella $7uau 103 isolate, ﬁaasmmﬂﬂﬂwﬁmw
Fetu $1u7u 8 fegreuaziegeiinzideliitu S1uau 40 Frethe nanuinis realtime
PCR 1%wa sensitive 100% waz specific 100% dwsuido L. pneumophila® wazainaudve
Y93 LURIINT Y99 LavAny AUGIeImansnsunmen 12 asvan wuinds PCR fiwamnledl
YA 265 bp §1A1 limit of detection W1y 107 CFU/ml Iagldwuyfasentrunguiv 100
lelmanveaidie Legionella wazdeuunaiideiinuldvesluwmani 10 ada mnmsiUseuiiou
Uszavsnmiuismzidsadelagldfednai nuanuaenndosiulusssudewdneg (kappa =
0.81) wawen negative predictive value osaz 100.00 wenanidieldlaladidouuaiiSed
asdodude L. pneumophila NanMTUTeUEULERIALARAARBIN T URE19aNY ol (kappa
- 1.00) wi3a PCR lfnanisnsaafisamiiniiismnziaoadeds 8 wh fuiuds PCR Aivmuntuss
wanzfiaglfifuiimadenlunisauauuazihssfansuuiloudoluuvdainngeg saufs
ansoth U duisnsnsaetuiulaladidewuaiiBefiasde e L. pneumophila uenain
Funeidsateruiifegiflelildnanisnnainsgifinngiuts

5.2 YoLauDLLUY
5.2.1 Yarduaidaulauny
wualyin1snuniw/dsulgalseniansueundy w.A.2544 1509 TaUURN15AIUAY
& aa =& & A v ° ) X &
WoadlesuaaitureniureI01AstuUsemalneg Alain1sMuuAsEAUNSULaUIBTD
Legionella spp. luniag cfu/L §35n1mmaaeuiianunsadiuisualegluniae cfu/L la
A9 35n15Wm1ELA8T8 (Culture method) IneASUiUa911n As AealdsraIa uIUlUNg
dy ﬂi/ & U va d’l d! I 1 % v U
W1zldsLeLasBudunuaudiveuvedonaliviusenisitisetalsals n1susuugausenie
nsuewdy w.A.2544 1509 TaufuRnsmunudeddlewaaituneiauduvasanaistulsendalneg
Tngnumutnusisyaunsuudoursdtin Legionella spp. Wunu/linu dadunisnagsy
FaAaunI 72835 Real time - polymerase chain reaction (Real-time PCR) aztUuuwuan1
wilafilinan1meaeunsIngtu danudmisseded mineidesnismaaeuy gUseneunis
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wsonignuiliigites aunsadinansnegesululdlunisiidseds destuuazsunlvaiela
ageiussanIun1sal iedasiunisunsszuinvedlsefiduunus suasdanansenudeyUseuvy
NNNGY

5.2.2 YaiauaiBeufiang

ﬂ’l'mmﬁm%fdga Legionella spp. 1ae1435 Real time - polymerase chain reaction
(Real-time PCR) 18u3B7TiAuTIA7 fimnudumizgs Yasanszoznaiuaziiinninuusiug
lunisnegeuniieslfuanisla daruwmanzdmsvinlldlunudsednveiesuifinis
iWososiuuTinanuifidiuaunn giuuinsannsadwanisneaeululdlunisidise s
anunmsainsunsszuinvedlsndieunuifionansenudogunmlfodiaiuraed savidlidy
winsdlelunisadisanunssndnungaulsznaunisniee wu Tsausy Saesn Tunist
mmé’wﬁzgﬁ’umiﬂﬁq%’nmawm}]LLazmmﬂmeﬂ,umﬂwﬂﬁgﬂqmé’ﬂwmmﬁzﬁmmmmgau
Fefedunmsangdinisaiuazenudssionisssuinvedlaadanarilutssmalngld fufuianas
ﬁmiﬂizmé’mﬂ’uﬁ‘ummqmimwLs‘ga Legionella spp. 718735 Real-time PCR WUN191599
ez

5.2.3 daiauadiniuauideasssialy

aa A & . v a va v a aa '

Enldlun13n 99990 Legionella spp. n19vesUumnis Tludagduiinaleds wu
IBNIZLAB YD (Culture method), WATiA Polymerase Chain Reaction, inallA ELISA %30
Enzyme-linked Immunosorbent assay waazinafiadiven lundduisniuszansnin wazlina
nsnedeUkiug uidirslitodninlusosdunaunisdinsraniaieslfiAnsniivaletunau
ABITONANAADU naaaudsllal1uYuy dedldeomisiduade/asiaiindainudinieg
wagdianldierautiegs Fatedndnmaiionvilinanisnageulinuaidy iviusanisudly
Jaymlunsalniinisunsszu1nvedlsald N1ITAINIYANAFEUNIAUINEINSUATIINIT D

. A a v I o 1 ‘:4' - - =

Legionella spp. 1Augnees wiug ualinanisnaaeuiisimss ferdudnuuinialunis
anvodnnav1esuls awnsadnnlglunisnadeunirauuladmsuannseslesdu (screening)
iielin1siseisgunmvesUsevusiuninisihseTueududwiadenaiunsaaiiunis
lhogn9viuiae
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Water quality — Enumeration of Legionella

8 Procedure

8.1 Samples

Due to the complex nature of different sample matrices, the laboratory shall determine the appropriate
method for each sample type. The decision matrix is provided in Annex J to determine which appropriate
method shall be undertaken. Annex J describes the requirements and provides additional options.

In order to ensure the detection of legionellae from water samples, a concentration technique by
membrane filtration (see 8.2.2 or 8.2.3) will be required in most cases. Where the concentration of
legionellae is expected to be greater than 10" colony forming units per litre (cfu/l), direct plating of the
unconcentrated sample can also be carried out. For highly contaminated samples, dilute (refer to Annex
C for suitable diluents) and use direct plating before and after the pre-treatment (see 8.3). Record
volumes of sample diluted or processed and which pre-treatment(s) has (have) been applied.

When the number of legionellae in any siven sample is not known, concentration techniques are usually
performed. Therefore, follow the procedure described in 8.2.2 or 8.2.3.

8.2 Concentration of water samples

8.2.1 General

For a general description of the membrane filtration technique, see ISO 8199. Filtration can be done by
vacuum filtration or positive pressure filtration.

The flow rate should be adjusted so as not to exceed the maximum specified by the manufacturer for
the filter size or type.

8.2.2 Membrane filtration and direct placing of the membrane filter on culture media

Filter the water sample (without treatment, after acid treatment and, if required, after heat treatment)
through a cellulose nitrate or mixed cellulose esters membrane filter. The acid treatment can also be
done directly on the membrane filter in the funnel (see 8.3.2). The volume filtered depends on the
particulate content of the water or the desired detection level. The filtered volume of the sample shall
be recorded. Carefully remove the membrane filter from the stand with disinfected forceps and place it
(right-side up) directly on the culture media, ensuring that no air bubble is trapped underneath.

NOTE Where concentration by filtration is not possible (e.g. due to a high level of deposit), the sample
can be concentrated by centrifugation.

8.2.3 Membrane filtration followed by a washing procedure

Filter the water sample through a polycarbonate or polyethersulfone membrane filter. The volume
filtered depends on the particulate content of the water or the desired detection level. The filtered
volume of the sample shall be recorded. Remove the membrane filter from the stand with disinfected
forceps. Work carefully to avoid loss of residual deposit. Place the membrane filter (right-side down) in a
screw cap sterile container with or without sterile glass beads. To wash the microorganisms from the
membrane filter, add 5 ml to 10 ml of sterile diluent or sample, and shake vigorously using a vortex mixer
for at least 2 min. Alternatively, place the container in an ultrasonic water bath for a time interval that
has been verified to determine the optimum time interval for maximum recovery. Ensure that the level of
diluent covering the membrane is below the level of water in the ultrasonic water bath.

This concentrate represents the prepared sample. Record the volume of the concentrate. Membrane
filters may be cut into pieces using sterile scissors to aid elution.

Divide the concentrate into three portions. Use one portion untreated, one portion for treatment with

heat (see 8.3.1) and one portion for treatment with acid solution (see 8.3.2).
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8.3 Sample pre-treatment

8.3.1 Heat treatment

Add the sample (concentrated or unconcentrated) to a sterile container and place it in a water bath at
(50 + 1) °C for (30 + 2) min. small volumes (< 5 ml) should be used to ensure a short period until the
desired temperature is reached. If many samples are treated together or large sample volumes are
treated or thick-walled containers are used, monitor the temperature in a separate container similar to
that used for the sample. The time starts when the required temperature is reached. Large sample
volumes or thick-walled containers should be cooled to avoid overheating after being removed from the
water bath.

8.3.2 Acid treatment

Dilute one volume of the sample (concentrated or unconcentrated) with nine volumes of the acid
solution, mix well and leave it for (5,0 + 0,5) min. If the diluted acid treated sample is used for the
calculation of the final concentration of Legionella species in the sample, the dilution should be
factored. Volumes greater than 0,1 ml can be plated to decrease the limit of detection. Acid treatment
can also be done directly on the membrane filter in the funnel. Transfer around 30 ml acid solution onto
the membrane filter. Leave it for (5 £ 0,5) min and remove the acid solution by filtration. Wash the
membrane filter with at least 20 ml of the diluent. It is important that the diluent does not rinse the

surface of the funnel that had not been in contact with the acid solution.

8.4 Culture

8.4.1 General

The choice of the method used for the enumeration of Legionella species depends on the
origin/characteristics of the sample and the reason of sampling or investigation. An assumption shall be
made about the expected concentration of interfering microorganisms based on experience or origin of
the sample. Also, the desired lower limit of detection level needs to be considered. A decision matrix for
choosing an appropriate method is described in detail in Annex J. Depending on the desired detection
level, it is possible to use more than one plate of the different culture media mentioned in the following
subclauses.

8.4.2 Samples with a high concentration of Legionella species and a low concentration of interfering
microorganisms

Plate the sample directly if the number of Legionella is expected to exceed 10" cfu/l. Inoculate and
spread 0,1 ml to 0,5 ml of the sample on one plate of BCYE agar and one plate of BCYE+AB agar. Record
the inoculated volume.

8.4.3 Samples with a low concentration of Legionella species and a low concentration of interfering
microorganisms

8.4.3.1 Direct placing of membrane filter on culture media after membrane filtration

Filter the sample (see 8.2.2) and place the untreated membrane filter directly on one plate of BCYE agar.
The membrane filters treated with acid solution according to 8.3.2 are placed on one or more of the
selective or highly selective plates of BCYE+AB agar or GVPC agar or MWY agar.

8.4.3.2 Plating after membrane filtration with washing procedure

Inoculate and spread 0,1 ml to 0,5 ml of each concentrated portion of the sample (untreated, heat
treated and acid treated) from the membrane filtration with washing procedure (see 8.2.3) on one plate
of BCYE agar and on one or more of the selective or highly selective plates of BCYE+AB agar or GVPC agar

or MWY agar. Record the inoculated volume.
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8.4.4 Samples with a high concentration of interfering microorganisms

Culture samples with a high concentration of interfering microorganisms unconcentrated (direct),
concentrated (see 8.2) or diluted (1:10). Divide each subsample into three portions. Use one portion
untreated, the second portion for treatment with heat (see 8.3.1) and the third portion for treatment with
acid solution (see 8.3.2). Inoculate and spread 0,1 ml to 0,5 ml of each portion of the subsamples on one
plate of GVPC agar or one plate of MWY agar. Record the inoculated volume.

8.4.5 Samples with an extremely high concentration of interfering microorganisms

Culture samples with an extremely high concentration of interfering microorganisms unconcentrated and
diluted (1:10 and 1:100) after a pre-treatment with a combination of heat and acid. For the combined
treatment first, the heat treatment (see 8.3.1) is done followed by the acid treatment (see 8.3.2). It is
important to cool the heat-treated sample to room temperature before the acid treatment is done.
Prepare dilutions directly after the acid treatment in sterile diluent (see Annex C). Mix well by shaking,
using a vortex mixer or an ultrasonic water bath. If necessary, add a layer (just enough to cover the
bottom of the container) of sterile glass beads to the sample to aid disaggregation of the material.
Inoculate and spread 0,1 ml to 0,5 ml of each portion on one plate of GVPC agar or one plate of MWY
agar. Record the inoculated volume.

8.4.6 Incubation

Allow the inoculated plates to stand until the inoculated volume has been absorbed, then invert the
plates and incubate at (36 + 2) °C for 7 d to 10 d. Create a humid atmosphere to prevent desiccation of
the plates, for example, by placing in an enclosed container. NOTE Validation data using artificially spiked
samples have demonstrated no difference in counts between incubation for 7 d and 10 d. Natural
samples containing wild strains of Legionella can, however, require the full incubation period of 10 d to
present growth.

8.4.7 Examination of the plates

Inspect the plates for the first time either on day 2, 3, 4 or 5 followed by a final inspection at the end of
the incubation period. This is to identify samples where overgrowth has occurred. The final quantitative
result is not available until the end of the incubation period. As Legionella grows slowly and can be
masked by the growth of other microorganisms, it is also recommended to use the dissection microscope
with oblique incident illumination. Record the number of each type of presumptive Legionella colony
present.

In case of outbreak investigations, it is advisable for samples expected to have a high concentration of
interfering microorganisms to check the plates on day 2 to determine if dilutions are needed. Be aware of
the potentially negative impact of the conservation of the concentrate or sample for a period of two
additional days.

Colonies of Legionella are white-grey in general but can also appear in other colours. They are smooth
with an entire edge and exhibit a characteristic ground-glass appearance. Under an ultraviolet lamp (5.3),
colonies of several species (L. anisa, L. bozemanii, L. cherrii, L. dumoffii, L. gormanii, L. egratiana, L.
parisiensis, L. steigerwaltii and L. tucsonensis) autofluoresce brilliant white; L. erythra and L. rubrilucens
appear red. Colonies of L. pneumophila appear dull green often tinged with yellow. The colour of
fluorescence can help to differentiate colonies in samples containing different species of Legionella. To
avoid the possibility that Legionella cells could be killed or damaged so that they are not recoverable.
plates should not be exposed to ultraviolet light for a longer time than is necessary. It should be noted

that new species of Legionella might possess characteristics different to those described above.
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8.5 Confirmation of presumptive Legionella colonies on culture media: BCYE agar and

BCYE-cys agar

Subculture from the plate showing the highest counts of presumptive colonies of Legionella water
volume. When there is only one colony type, pick three presumptive colonies. If more morphological
different types of presumptive colonies of Legionella are growing on the plate, take at least one colony
from each type. Subculture onto a plate of BCYE agar and a plate of BCYE-cys agar. Be careful not to carry
over any culture media with the colony and first inoculate a plate of BCYE-cys agar and then a plate of
BCYE agar. Incubate at (36 +2) °C for 2 d to 5 d. Regard as Legionella those colonies which grow on the
plate of BCYE agar but fail to grow on the plate of BCYE-cys agar. Record the results for each plate. If the
initial subcultures do not confirm as Legionella, analyse further subcultures of presumptive Legionella
colonies from another type of plate (culture media or sample treatments).

L. oakridgensis and L. spiritensis require L-cysteine and iron (lIl) for primary isolation but sometimes grow
weakly in the absence of added L-cysteine thereafter. Accordinsly, careful comparison needs to be made
of the differences in growth between supplemented and unsupplemented culture media.

NOTE Alternative procedures can be used to confirm the isolate as Legionella species providing the
suitability of the alternative procedure is verified.

For special situations like outbreak investigations, at least five presumptive colonies if only one
morphology is present, or two presumptive colonies for each type of morphology shall be confirmed. If
identification of the Legionella colonies is to be carried out and included on the testreport, all typical

morphologies present on any of the plates should be confirmed and the identifications reported.
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INTERNATIONAL STANDARD ISO 16140-2:2016(E)

Microbiology of the food chain — Method validation — Part 2: Protocol for the validation of
alternative (proprietary) methods against a reference method

1 Scope

This part of ISO 16140 specifies the general principle and the technical protocol for the validation of
alternative, mostly proprietary, methods for microbiology in the food chain. Validation studies according
to this part of I1SO 16140 are intended to be performed by organizations involved in method validation.
This part of ISO 16140 is applicable to the validation of methods for the analysis (detection or
quantification) of microorganisms in

— products intended for human consumption,

— products intended for animal feeding

— environmental samples in the area of food and feed production, handling, and

— samples from the primary production stage.

This part of ISO 16140 is in particular applicable to bacteria and fungi. Some clauses of this part of 1SO
16140 could be applicable to other (micro) organisms or their metabolites on a case-by-case-basis. In the
future, guidance for other organisms (e.g. viruses and parasites) will be included in either this part or a
separate part of ISO 16140

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 16140-1, Microbiology of the food chain— Method validation — Part 1: Vocabulary

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 16140-1 apply.

4 General principles for the validation of alternative methods

The validation protocol comprises two phases:

— a method comparison study of the alternative (proprietary) method against the reference method
carried out in the organizing laboratory;

— an interlaboratory study of the alternative (proprietary) method against the reference method carried
out in different laboratories.

The technical rules for performing the method comparison study and the interlaboratory study are given
in Clause 5 and Clause 6, depending upon whether the alternative (proprietary) method is qualitative or
quantitative in nature. The data generated in some parts of the validation study are evaluated using the
so-called Acceptability Limits (AL) and no statistical evaluation of the data are conducted. These AL are

based on experts’ opinion and data generated in existing validation studies.
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5 Qualitative methods — Technical protocol for validation

5.1 Method comparison study

5.1.1 General considerations

The method comparison study is the part of the validation process that is performed in the organizing
laboratory. It consists of three parts namely the following:

— a comparative study of the results of the reference method to the results of the alternative method in
(naturally and/or artificially) contaminated samples (so-called sensitivity study);

— a comparative study to determine the relative level of detection (RLOD) in artificially contaminated
samples (so-called RLOD study);

— an inclusivity/exclusivity study of the alternative method.

The results (tables and calculations) of the different parts and the interpretation of the results, including
discrepant results, shall be given in a study report. Test portions size shall be used as written in the

reference method

5.1.2 Paired or unpaired study

The reference and alternative methods shall be performed with, as far as possible, exactly the same
sample (same test portion). However, a distinction is made between studies where the same test portion
can be used for both the reference and the alternative method due to both methods having exactly the
same first step in the (enrichment) procedure and those where different test portions need to be used for
the reference and the alternative method (e.g. due to different enrichment broths). In the case where the
same test portion is used for both methods, the results from both methods are highly related to each
other. For example, when the sample is not contaminated, both methods should find the result of that
sample negative. Due to this relationship, the data produced by the reference and the alternative
method are named paired or matched. In this part of ISO 16140, the wording “paired study” will be used
for this type of study.

The opposite situation where there is no shared initial (enrichment) step for both the reference and the
alternative method is also possible. In this case, different test portions coming from the same batch or lot
of product have to be used for the two methods and the resulting data are named unpaired or
unmatched. In this part of 1SO 16140, the word “unpaired study” will be used for this type of study. The
choice of having a paired study or an unpaired study depends on the protocols of the reference and
alternative method. If there is a common initial step in the (enrichment) procedures, a paired study design
is mandatory.

This clause describes the method comparison study if the reference and alternative method have a joint
initial step in the (enrichment) procedures (paired study) and if the reference and alternative method do
not have a joint initial (enrichment) step (unpaired study). Differences between both types of studies are

indicated in the text where appropriate.

5.1.3 Sensitivity study

The sensitivity study aims to determine the difference in sensitivity between the reference and the
alternative method. This study is conducted using naturally and/or artificially contaminated samples.
Different categories and types shall be tested for this. Acceptability Limits have been defined for the
maximum acceptable difference depending on the type of study (paired/unpaired) and the number of

categories tested.
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5.1.3.1 Selection of categories to be used

The selection of categories and types used within the validation will depend on the type or group of
microorganisms and the scope of the validation. If the method is to be applied for a broad range of
foods, then at least five categories of food shall be studied. The validation study report shall state the
food categories used in the study. If the method is to be validated for a restricted number of food
categories, e.g. “ready-to-eat, ready-to-reheat meat products”, and “heat-processed milk and dairy
products”, then only these categories need to be studied. In addition to food, feed samples,
environmental samples, and primary production stage samples can be included as additional categories.
This will broaden the application of the use of the alternative method for these additional categories. For
all selected categories (food and others), at least three different types per category shall be included in
the study. Annex A presents an overview of the relevant types and categories for specific microorganisms
that might be relevant for the validation. Annex A should be used to facilitate the selection of categories,
types, and items for the specific microorganism involved. It should not be regarded as a mandatory
choice.

When selecting samples for the study, it is of the highest priority to find those that are naturally
contaminated. If it is not possible to acquire a sufficient number of naturally contaminated samples,
artificial contamination of samples is permissible (see Annex B and Annex C). Details on the preparationof
the artificially inoculated samples should be given in the validation study report. It is desirable that food
samples come from as wide a distribution as possible in order to reduce any bias from local food
specialities and to broaden the range of validation.

It shall be ensured that with the selection of the different types, both high and low (natural) background
microflora, different types of stresses due to processing, and raw (unprocessed) items are included in the
study.

EXAMPLE For the validation of a method for detection of Listeria monocytogenes and the category
“ready to-eat, ready-to-reheat meat products”, the types can be (1) cooked meat products (lower
background flora, heat stress), (2) fermented or dried meat products (high background flora, pH stress),
and (3) raw cured (smoked) (aw <0,92) (intermediate background flora, aw stress).

In some cases, for example, for an alternative method that is applicable for a broad range of foods, it is
possible to combine the “ready-to-eat” and “raw” categories from the same product group. For example,
the categories raw and ready-to-eat meat (products) can be combined into one category having three
types divided over relevant raw and ready-to-eat food types. The selection of (combined) food categories
should be based on risk analysis.

5.1.3.2 Number of samples

For each category being examined, a minimum of 60 individual samples shall be tested made up of at
least three types with at least 20 samples representative for each type (three types x 20 samples for
each type = 60 samples). Fractional positive results by either the reference or alternative method (i.e.
samples should not be all positive or all negative) shall be obtained for each type tested. In the ideal
situation, 10 samples (50 %) tested per type should be positive and 10 negative, but should range
between 25 % and 75 %. For each category, at least 30 samples shall have a positive result by the
reference and/or the alternative method.
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5.1.3.3 Alternative-method result and confirmation

Many alternative-method protocols contain two steps, the first being the enrichment and detection step
and the second being the confirmation of the detection result from step one. The end results of the
alternative method is the result after step two. The end result will be the same as the result after
enrichment and detection in case there is no confirmation step included in the protocol of the
alternative method. The (end) result of the alternative method shall be confirmed for the sensitivity
study part. All results obtained with the alternative method in an unpaired study shall be confirmed. In a
paired study, only the positive results obtained with the alternative method, for which the corresponding
result with the reference method was negative, shall be confirmed. This confirmation is needed to
determine whether the result is a true-positive or false-positive result. The confirmation test or tests shall
be able to recover and confirm the identity of the isolate as being the target of the method. These test(s)
can be based on the confirmation procedure of the reference method, the confirmation step of the
alternative method in case this procedure is able to isolate and confirm the identity of the target analyte,
a combination of both, or by any other means that is able to isolate and confirm the identity of the
target analyte. If the enrichments of the reference and alternative methods differ in terms of the number
of enrichments (i.e. primary/non-selective and secondary/selective) or total duration of incubation, an
additional confirmation pathway is necessary for the validation study. The first pathway shall be that to
be used with the alternative method according to its procedure/instructions (regular testing conditions by
the alternative method according to the kit insert procedure; this does not include the complementary
tests which can be performed during the validation study). The second pathway shall divert a portion of
the alternative method’s incubated enrichment to that of the reference method such that at minimum,
the total duration of incubation of the reference method enrichment(s) is/are respected. The results of
the two confirmation pathways are to be reported separately.

5.1.3.4 Calculation and interpretation for sensitivity

In general, the data shall be presented in a report in order to have an overview of the raw data obtained.
Information shall be given on the type of contamination (naturally contaminated or artificially
contaminated) of the samples used, the type of study design that was used (e.g. paired study or unpaired
study), and the confirmation test(s) used to confirm the alternative-method result. For artificially
contaminated samples, the (reference to the) procedure used for preparation shall be specified (see also
Annex Q).

The results obtained for the reference and alternative methods originating from the same sample,
meaning from one test portion in case of a paired study or two test portions in case of an unpaired study,
shall be described for a paired study according to Table 1 and for an unpaired study according to Table 2.
Table 3 is prepared for the summarized sample results for all categories per category (260 samples) and

per type (220 samples) for both a paired and unpaired study.
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Table 1 — Comparison and interpretation of sample results between the reference and alternative
methods for a paired study

Result of the (reference or alternative) method per sample

Reference Alternative method Confirmed Interpretation
method (including any confirmations alternative (based on the confirmed
as described in the method alternative-method result)
alternative-method protocol) (by any means)?
+ + Not neededb Positive Agreement (PA)
- - Not neededb Negative Agreement (NA)
Negative Deviation due to false
+ - Not neededb negative alternative-method result
(ND)
- + + Positive Deviation (PD)
Negative Agreement due to false
- " - positive alternative-method result
(NA)
a Confirmation of the alternative-method result is done according to 5.1.3.3.
b No need for additional confirmation test(s). Confirmed alternative-method result is the same as the alternative-
method result.
e This false-positive result [FP) shall also be used to calculate the false positive ratio.
Table 2 — Comparison and interpretation of sample results between the reference and alternative

methods for an unpaired study

Result of the [reference or alternative) method per sample

Reference Alternative method Confirmed Interpretation
method (including any confirmations | alternative method (based on the confirmed
as described in the (by any means)? alternative-method result)
alternative-method protocol)
+ + - Positive Agreement (PA)
Negative Deviation due to false
+ + - positive alternative-method result
(ND)P

. - - Negative Agreement [NA)

Negative Agreement due to false
- - * negative alternative-method result
(NA)

+ - - MNegative Deviation [ND)

Negative Deviation due to false
+ - - negative alternative-method result
(ND)

- + + Positive Deviation (PD)

Negative Agreement due to false
- + - positive alternative-method result
(NA)b

= Confirmation of the alternative-method result is done according to .1.3.3

b These false-positive results (FP) shall also be used to calculate the false positive ratio.
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Table 3 — Summary of results obtained with the reference and alternative methods of all samples for

each category

Reference-method positive Reference-method negative
(B+) (R)
Alternative-method positive +/+ -/
[A+) Positive Agreement [PA) Positive Deviation (PD)
Alternative-method negative +/- /-
(A Negative Deviation (ND) Negative Agreement [NA)

Based on data summarized in Table 3 for the combined categories per category and per type, calculate
the values for sensitivity of the alternative method (1) and of the reference method (2), as well as the
relative trueness (3) and false positive ratio for the alternative method after the additional confirmation of
the results (4) as follows:

(PA + PD)
Sensitivity for the alternative method: SE,, = ——————x 100 % (1)
(PA+ ND+FD)
(PA+ND)
Sensitivity for the reference method: SE = ——————— =100 % (2)
e (PA + ND + PD)
(PA +NA)
Relative trueness: RT = — =100 % (3)
o . . FP
False positive ratio for the alternative method: FPR = NA »x 100 % (4)

where N is the total number of samples (NA + PA + PD + ND) and FP is the false-positive results. For
explanation of the abbreviations used, see Table 1 to Table 3.

The confirmed alternative-method results shall be used to determine whether the alternative method
produces comparable results to the reference method. Calculate the difference between (ND - PD) for
both paired and unpaired studies and the sum of (ND + PD) for paired studies. Check whether the
difference and/or sum of PD and ND conform to the Acceptability Limit (AL) stated in Table 4 with
respect to the type of study (paired or unpaired) and the number of categories used in the evaluation.
NOTE Acceptability Limits (AL) are based on data and consensus expert opinion. The AL are not based on
statistical analysis of the data. The interpretation of results shall be done per category and for all
categories used in the validation study. An interpretation of results shall also be done per enrichment
protocol in case different protocols are used for different types of samples. The AL is not met when the
observed value is higher than the AL. When the AL is not met, investigations should be made (e.¢. root
cause analysis) in order to provide an explanation of the observed results. Based on the AL and the
additional information, it is decided whether the alternative method is regarded as not fit for purpose for
the category or categories involved. The reasons for acceptance of the alternative method in case the AL
is not met shall be stated in the study report.



-88-

Table 4 — Acceptability limit parameters and values for a paired and unpaired study design in relation to

the number of categories used

Number of Paired study Unpaired study
categories (NDa - PDb) (ND + PD) (ND - PD)
1 3 6 3
2 4 8 4
3 5 10 5
4 5 12 o
b 5 14 5
B 6 16 6
7 6 18 7
8 6 20
a ND = number of samples with Negative Deviation results.
b PD = number of samples with Positive Deviation results.

NOTE Information on differences observed between results of the alternative method before and after
confirmation of the results (step 1 and step 2) according to the alternative-method protocol should be
presented in the validation report as additional information, but is not used in the overall assessment of

the alternative method performance.

5.1.4 Relative level of detection study

A comparative study is conducted to evaluate the level of detection (LOD) of the alternative method
against the reference method. The evaluation is based on the calculation of the relative level of
detection (RLOD). In the study, replicates of artificially contaminated samples are used at three or more
levels of contamination. Preferably, the levels are known as it allows calculation of the LOD. However,
this is not required.

5.1.4.1 Selection of categories, number of samples, and replicates tested

For the selection of categories and types, see 5.1.3.1. The same categories will be used as selected for
the sensitivity study (see 5.1.3). For each category, one relevant type is selected. In order to have a better
representation of the evaluated category, this type should be different from those used in the sensitivity
study (if possible). The samples shall be artificially inoculated. Procedures for the preparation of artificially
inoculated samples are presented in Annex C. Each type will be inoculated with a different strain. A
minimum of three levels per type will be prepared consisting of at least a negative control level, a low
level, and a higher level. Ideally, the low level shall be the theoretical detection level (i.e. 0,7 cfu per
test portion) and the higher level just above the theoretical detection level (e.g. 1 cfu to 1,5 cfu per test
portion). At least the low level should have fractional recovery by the reference method (fractional
recovery at the low level should be between 25 % and 75 % of the number of samples tested). An
estimate for the level of contamination (except for the negative control) should be made. At the negative
control level, at least five replicate samples should be tested by both methods. For the second (low)
level (theoretical detection level), at least 20, and for the third (higher) level, at least five replicates
samples should be tested by both methods. The negative control level shall not produce positive results.

When positive results are obtained, the experiments have to be repeated for all levels. Positive deviating
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test results obtained with the alternative method shall be additionally confirmed (see 5.1.3.3). The RLOD
shall be evaluated after confirmation.

NOTE 1 In order to have a better assurance that fractional recovery will be obtained, more levels of
contamination can be produced and tested.

NOTE 2 The level of contamination needed targets the LOD of the reference method if the alternative

method has a lower LOD than the reference method.

5.1.4.2 Calculation and interpretation of the RLOD
The RLOD is defined as the ratio of the LODs of the alternative method and the reference method:

LOD;,
LOD

RLOD= (5)

ref

For each category, at least the RLODs shall be estimated by fitting a complementary-log-log (CLL) model
to the combined absence/presence data of both methods as a function of method. The contamination
levels are not needed for the calculations of the RLOD since they are included in the model resulting in
curves in a graph of probability of detection versus log dose (contamination level). The statistical model
and the calculations are worked out in Annex D. Calculations can be performed with the Excel®1)
spreadsheet of this part of ISO 16140. The Excel® spreadsheet for calculating RLOD values is freely
available for download at http://standards.iso.org/iso/16140 and then select the RLOD file. For
calculations using this Excel® spreadsheet, the option of “unknown concentration” shall be used.
Calculate for each item i the RLODi Tabulate the results as indicated in Table 5.

Table 5 — Presentation of RLOD before and after confirmation of the alternative-method results

RLOD using the RLOD using the confirmed
alternative-method results alternative-method results
Item
(category) RLOD; RLOD;
(i)
1
2
k
Combined

An Acceptability Limit (AL) for the RLOD based on the confirmed alternative-method results specifies the
maximum increase in LOD of the alternative versus the reference method that would not be considered
as relevant in consideration of the fitness for purpose of the method. Consequently, AL will be a value
>1. The interpretation should be made for each item. The AL for paired study data are set at 1,5, meaning
that the LOD for the alternative method shall not be higher than 1,5 times the LOD of the reference

method. An LOD value for the alternative method smaller than the LOD value for the reference method
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is always accepted as this means that the alternative method is likely to detect lower levels of
contamination than the reference method. The AL for unpaired study data are set at 2,5, meaning that
the LOD for the alternative method shall not be higher than 2,5 times the LOD of the reference method.
An LOD value for the alternative method smaller than the LOD value for the reference method is always
accepted as this means that the alternative method is likely to detect lower levels of contamination than
the reference method. The AL is not met when the observed value is higher than the AL. When the AL is
not met, investigations should be made (e.g. root cause analysis) in order to provide an explanation of
the observed results. Based on the AL and the additional information, it is decided whether the
alternative method is regarded as not fit for purpose for the item or category involved. The reasons for
acceptance of the alternative method in case the AL is not met shall be stated in the study report. In
addition to the calculation of the RLOD, the data may be evaluated using the AOAC probability of
detection (POD) model described in Reference [14] and included in the AOAC validation guidelines.[6] The

evaluation using the POD model can give additional information on the equivalence of the methods.

5.1.5 Inclusivity and exclusivity study

5.1.5.1 Selection and number of strains

A range of strains shall be used. Criteria for selecting test strains are given in Annex E. The strains used
should take into account the measurement principle of the alternative method (e.g. culture-based,
immunoassay-based, and molecular). Different measurement principles may require the use of different
test panels of strains.

Each strain used shall be characterized biochemically and/or serologically and/or genetically in sufficient
detail for its identity to be known. Strains used should preferentially have been isolated from foods,
feeds, the food-processing environment, or primary production taking into account the scope of the
validation. However, clinical, environmental, and culture collection strains can be used. The original
source of all isolates should be known and they should be held in a local (e.g. expert laboratory),
national, or international culture collection to enable them to be used in future testing, if required. For
inclusivity testing, at least 50 pure cultures of (target) microorganisms shall be tested. For testing the
inclusivity for Salmonella methods, at least 100 pure cultures of different serotypes of Salmonella shall
be tested.

For exclusivity testing, at least 30 pure cultures of (non-target) microorganisms shall be tested.

Some microorganisms will be difficult or impossible to culture like viruses or protozan parasites. Where
the target organism cannot be cultured, pure suspensions of the test strains should be used for spiking at
the earliest appropriate step of the method.

NOTE 1 For some microorganisms, it will be difficult to obtain the required number of strains for
inclusivity and exclusivity. In these cases, an agreed set of test strains should be selected by the parties
involved in the validation study.

NOTE 2 Guidelines for the preservation and maintenance of strains in (local) collections can be found in
ISO 11133

5.1.5.2 Inoculation of target strains (inclusivity)

Each test is performed once and only with the alternative method (including a confirmation step if
prescribed in the alternative-method protocol). Inoculation of a suitable growth medium is carried out
with a dilution of a pure culture of each test strain. This culture is used for testing the inclusivity. No
sample is added. The pure culture should be grown in a non-selective broth under optimal conditions of

growth to provide high cell populations in a stationary phase. The inoculum level shall be 10 times to
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100 times greater than the minimum detection level of the alternative method being validated and the
protocol of the alternative method shall be used including all (enrichments) detailed in the instructions
of the alternative method. If the alterative method includes more than one (enrichment) protocol (e.g.
for different sample types), then use the most challenging one with the complete panel of test strains.
When negative or doubtful results are obtained, the test should be repeated and with the reference
method included, checking that the strain could be detected with the appropriate reference method. If
results are negative, consideration could be given to repeat the test with the addition of a food item. If
the alternative protocol includes a confirmation step, the confirmation tests shall be included in testing
the selected strains.

5.1.5.3 Inoculation of non-target strains (exclusivity)

Each test is performed once and only with the alternative method (including a confirmation step if
prescribed in the alternative-method protocol). Inoculation of a suitable growth medium is carried out
with a dilution of a pure culture of each test strain. This culture is used for testing the exclusivity. No
sample is added.

The pure culture should be grown in a non-selective broth under optimal conditions of growth to provide
high cell populations in a stationary phase. If the method involves a growth in a selective medium before
a detection step, then for the purposes of exclusivity testing, the selective medium should be replaced
by a non-selective medium. If the alternative method gives a positive or doubtful result, then the test
should be repeated using the complete (enrichment) protocol recommended in the instructions of the
alternative method using selective enrichments if these are noted in the instructions. If the alternative
method includes more than one type of enrichment (e.¢. for different sample types), then each of these
should be used with the complete panel of test strains. Additionally, the reference method should be
used to check that the strain could not be detected with the reference method.

5.1.5.4 Expression and interpretation of the results

Tabulate the results as in Table 6. The interpretation shall be done by the laboratory in charge of the

method comparison study. The report should state any anomalies from the expected results.

Table 6 — Presentation of the results for inclusivity and exclusivity

Microorganisms Alternative method

Test result Confirmed result

Inclusivity (target strains)
1
2
Etc.
Exclusivity (non-target strains)
1
P
Etc.




