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o Legionella spp. Juamevoslsndidounus Fonuludeuldluunaninineg aunse
LLWi’ﬂizmaquﬂumumqmigmuazaamaaﬁﬂmﬁau N3 nTanIevesl fiRnsiiedhse Ta
eoluuvanhiafuasniu Fsldlunsemamidenduisumsgu fe Bnsmedsade
Fosldnrudruigluniserunanazldsrorinaruulunisnaaou fedunisanunilaed
fnqusrasdiiiofmunagninadeun11ugniesrasds Real-time PCR dmiunsianiiie
Legionella spp. ﬁﬁmmgﬂéfaq fANuTUNzLa IS

HANIIATIVADUAIINYNABIYDITT Real-time PCR ity Fadndunismuunggu
ISO 16140-2 : 2016 - Protocol for the validation of alternative (proprietary) methods
against a reference method Wu1135 Real-time PCR drA1A11ula (Sensitivity) So8ag 100,
mmmgﬂ&’aqé’mﬁwﬁ (Relative trueness) 5oty 98.33, AITUNBHAUIN (Positive predictive
value) Sovaz 97.44 , Avinununaau (Negative predictive value) Soaz 100, ﬁhﬁ’lqm‘ﬁ'%%
a1u1500529nule (limit of detection) #8 5.9 x 102 cfu /test portion vl af1uaasduAn
relative level of detection (RLOD) iU 0.88 ’Wusinaudiiledisufiudasafianiseeusu
1n878 Real-time PCR #Audung (Specificity) selde Legionella spp. waglunuufizen
frunguividonuaiiGeneaeudug Anvldvesluwanit uazainnisussiduanuasnndos
5¥W31935 Realtime PCR war3amnzidoaie #auadn kappa analysis wumnuaenndadly
seduRuN (kappa = 0.94) wazilalSeuiisuszeznarfildlunismageu nuin33 Real-time
PCR TWnan1snadouiisamiinindsmivideadeds 15 Wi (ansveriiainsmageunis
o UAn139n 15 Fu wille 1 ) faduds Real-time PCR fianntulamang iy 14iduis
ymadenlunsmunuiazihszfnsiutewdeluwvdnivieg uenmionmismzdsao
FudiviesufiRnisiiog elildnanismaasuiisiniidu wihesuiiierdeaianiaiues
aaenvuarusamanisuageululdluniadissTainisssunvedsadidsunuslaotig
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ANdn uiy, : Legionella spp., Legionnaires' disease, Real-time Polymerase chain reaction
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1.1 NuuazA1uaAy

Zo Legionella spp. WunuafiFounsuay JULYS (gram-negative rod) laia¥eauas (non-
spore forming) w1 2 - 20 lulaswns duraneaan (flagella) dmdutaeldidoannsawmasulmild
mE " HudewuaiiGeiadyenn (fastidious bacteria) lmﬁﬁmiummimwLgaaﬂ"alﬂ ADIN1T
nsnagdilu L-cysteine Lay ﬁmmaﬂamiumsmmmﬂm e Legionella spp. mmmwuimmiﬂiu
535U 11U Aulrau glaay M1515 wazunannfinyudaddundedifdamuty wu thndedy
(cooling water) vB33 ‘U‘UiumEJmmiauiamnmmmmmwmﬂmmqs] quu 15ausu Tsawenuna

H

maamumammmwmau ENLﬂ“U‘Lﬂ JLUUNTERWIN ‘Vi’JEjﬂU'J@TUUW ﬂi‘“’J’]EJ‘U’] wazlINUsEAUDIANT

9
a

maamwmm Vs mmsam%maglmmwmaL@mﬂ,uﬁaLnﬂaawmmmmum g cumﬁéfmm

Y 9
aaa =

20 - 50 ey wadsaua Uil Ui amieuardunietng Woaredhufudditindulasiamey
Wslada (protozoa) lnesaunquiwdululefldy (biofim) axammmamamaqﬁlmmmi@ua
thesdnwegugndes uennnildsanansndssiisuasulsnelumadedusladald Juilido
NuNTUAENMLInEaNs1eq Tilduunzan® We Legionella spp. ¥nldiinlsadiseuiualada
(Legionellosis) T,@EJaﬂ%ﬁﬁL‘ﬂumLwa%aﬂiiﬂﬁwulﬁﬂa&lﬁqm e Legionella pneumophila Fadl
a1nmuadtinle 2 dnwae Ao mnlinnzlendniay 81n1sTuLIIkaEnTEeTIngs Send 15ad
\Jeukus (Legionnaires disease) vnliiin1igUaadniay an1sliguuss Fendi lsaldUowden
(Pontiac fever)® n1sszunveadlsaliliiinainnisfindeannAudgau LAIAINMTULNINTZILVDS
onunasigeu nedouninszaenunaninlyfuazoosmosrestiuazuninszaeun1g
01 iegamelatuienazesshiivudeowdordrgameenadelviinenisvestsald Tnenduaui
fmnudsaonisiadevieiinlsai 1éun faseny Fildsunisugnaisetony fiifiseniedoune
viserindseg seminamsinwlsauiia wu uzide lwwnu la HV @udu §iRngsmdeguynidn
warilazunisnuidsenunein sainveaifidulngidusiei® lsnddsunusio
Huilgmvesinviondisaied andoyaaaumsnlsndiBounuslulsamedlneg faudl 2556-2565
nesszUeANeT nsumuAnlsa wuitheazan 131 38 @eTin 1 91elud 2563 wuithoneaianile
U 2564 o1g1ade 62 T (@1g1an 23 U wazoggean 85 1) guhediulvgidumaviefonaisauds
2901y uaztutinvieafiorvnmwAiidunaduviesislulszmelne® wazandeyaues The
European Legionnaires’ Disease Surveillance Network (ELDSNet) Fadumitonudisetdsnd
Fouwusluwaasegiaglsy nudwugUaslsadifsunuififeatosiunsidiunis (Travel-
associated Legionnaires’ Disease : TALD) lne'ludl 2564 wugUied1uiu 895 51 FaiuTuie 38
% Wawieuiul 2563¢ msunsszuinvedsediounus dmansenulagnsiiegsianisviendieIves
nangUszmaialan sauaszmalne Seflyasigdundasy lunidglsudnnsdadmiiesy
ELDSNet ttouhszdelsafannmsvioadirlnsians vnsiivssmdlnelsndfounussslildidulnly
szuuhseds Mlinsihselsenaldviudeanunsalla

nsueuislugturmhenunesy elasislumsduaiuliszrvuilavnind Taefinisdnw
Anseai 380 sianuazdienons i uuazinaluladiunmsdaaiuauain nnsdansteduides
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foguaIn uagnsdanisewfeAunndouidesenisiaunmd auinisussiiunansenusie
auaw desjaiil v ssrvulimnufuasinuzlunsguanulos AToUATILALYNTY TILAADATLTS
msatfuayulimisnudiuginie esdnsunasesdiuvieadu uazn1Aeioteiinindguay
aaenyu fdusulunsanaauguamuas dnnseusvdundouiiioduaiuliaulvedgunnd
Tnedhunth 1dfinseanUseniansueunife w.a.2544 Fos doufiinmsmuaudedilowaailuvers
Huvesenmsluussmelng ey augugua ihseds waza¥uaunseuiinlunstestuligm
Msunsszuinveslsadidounus wazlunumedmiudmihiivessy fUszneunns wazUszanvuy
salu ddanud anudilaludedsafiFounus muieusalfifuwumidunisiigeinnszsuui
viounastihiildnieluemsaniutsznounisineg 16 dedeldunsangdinisaiiazarudesionis
szuinveslsadsnanluvsmelneld wazdadunsaiuenuidesiusuninuvasadsliuilsyasy
vleafisrianielulssmauasineUssmadngae

newesUjiRin1sanssngunsueuss fnshandnlunsnssinneikasvaaeuamnini
vilna/gulnm tide A fsasiUssandu laenmmaiensilasmadey Usenoufeninga
Anneiiuiad-nenw lavgviinuagmamaaeun1siugatningl Jnenisaaeuneadaing
Usenaunie n1snadeau coliforms, fecal coliforms, E. coli LLﬁ%L%@ﬁ@Iiﬂgu‘] i’Jii,Ji?ng Legionella
spp. Ima{]aagﬂ’u'i%'mimmmmiﬂul,ﬁaumaw‘??a Legionella spp. 1H8w3su1msgu (Reference
standard) e Famsizisade (Culture method) Fedadldmudiunglunserumantmageu 14
pwnsdsndoduneuadldnaruundt 15 fulumsdudiums vndediiavesnimadeudeisns
wzidsadednanoailinsihse snnsunsssuiavedsaddsunuslivusoaniunisalld fedu
;:ﬁa"]’a%aﬁi’mquizmﬁLﬁaﬁwuﬁﬁlumsmwmﬁa Legionella spp. WaEATIVHOUAIUYNADIVBIID
Fanana Wielilaisrdanusinadu Sanuls (Sensitivity) wazdlAudnnngge (Specificity) dmiu
Tinagoun1aniealjurnig Tne35iidnulundedl Ao 35 Realtime polymerase chain reaction
(Real-time PCR) GsgnianldlunismsramideuvaiiFouarlrsalusogrmdaindeunaovie
WU E.coli, Listeria monocytogenes, SARS-CoV-2, enteroviruses kay adenoviruses 1Jufu lag
WIsuiflsuanuaenadosositiimuiuiuiimamadsade udultunsguiedudeyamiu
UidefedmiuiisluldlunsidissSuas Jostunsuuitouveade Legionella spp. sold

1.2 WnQUszeasa
Lwawmmaﬁmaaummum'ﬁmwmma Legionella spp. 1n875 Real tlme - polymerase
chain reaction (Real-time PCR) ay (ﬂ’]Luuﬂ’liﬁli?ﬁ]ﬂ@‘Uﬂ’J’]ﬂmﬂGlEN“UEN’JﬁVIWGlJu’FU‘H

1.3 Wivineuaziatinaudse

ol Usni1sbaisnaaeay d1m¥un1snsIan e Legionella spp. Ine3d Real time -
polymerase chain reaction (Real-time PCR) fifiAnauly (Sensitivity) LLazﬁhmmgﬂéfmﬁuﬁwé
(Relative trueness) 11nn11598as 95 fimusmizdede Legionella spp. (Specificity) Lay
anansalinanismaaeulfedunndaniely 1 fu ilinhoeruiiieitesionindguazmaenyu
ansathwansageulUltlunisithseTinsseuinvedlseaidsunuslaegneyiumae



1.4 Uszlewiiianinazldiu

msﬁﬂwﬂuﬂ%’jmﬁﬁumsﬁwmé’i’ﬂmwwﬂ'mnﬂaaumqﬁawQﬁ'ﬁmwammﬁaaﬂﬁﬁ’ams
GUINERIG LI HEIVRE] Tun15057991180 Legionella spp. 1nel433 Real time - polymerase chain
reaction (Real-time PCR) %QLﬂuﬁgﬁﬁmmgﬂﬁm (Relative trueness) 311l (Sensitivity) wagdl
MNFIEEe (Specificity) wazlvinanisnage uiisinisadieiisufuiBunsguvesies fodns fe
Fimzdeaie (Culture method) ddlunsdigniduvdeluaniunisainsundssuiavedsadilouuns
nan1svadeufigniesuazsaniiiazyinlig uuinas mirenuiiisatesianiaiguas inaonsy
annsadmamnageulUliussloniunsiihsefimsssuinveslsaldogiaiuvingd iledunsosuas
ALAFUNNUBIUTEU VU NG Y

1.5 adwsiuazdeny
aAa . <) A Ao N a2 1 %)I a %; a

- #3lawaan (Legionella) uieitavoinuaiisedanulaluunasinsssuyi wagssuuing
UYwdas19uy waze1anelsale lngwnizinuves Ae d3latuaan Uluilan (Legionella
pneumophila)

- Tsndleunus (Legionnaires' disease) Lulsafinidinagrsdunduainuuailiengy
aa AN e L a aa a a v a 1 v o a{'
ddloluaan aldd Yednlngiiinannadleiwaat daluilan dnifaluguegeiglaeanisgnauyns

4 vada ayv o ] A & a & v O A )~ %

e i gdAuiuunnses weswniulsaualiansenisldansnil nellluszezusnizionnisediy
Tdnialng Taun dlddndes Uandsve Uaananuiiowazdononunuss sounie waztJoo1mns
sowunaziionisaatevendniau lawn dldgs lewis nIeenaiiauny melaldazain nunduway
Wunthen

- msszuraveslsa vueds wansalndgUisaniaund Wy nugUledaus 2 s1edululy
SrgvlInduAUVAINRANTTNAY NUdtieannIAisegu 5 Udeunddluiunuazdiwiaiseiiu

4 v v & Ao i =~

wsenugUrelsailinenulunuituanneuies 1 51g

- Culture method (3Fwnziae i) Lunssuiumsiindwugaunsd uuemsidewdonil
ANNANIITABN TS EYRU AR AUV ntug TuaniniesiRnsniinisaiunn nMswisihes
Auvsdanusaldiiessyrlinniaduiuveaunidndeansanule

- Real time - polymerase chain reaction (Real-time PCR) 1 uinafiafldlunisifiy
PUILAD UL NFDIN1TAN Y108 19T LNz LaraINITaARAINTAUT NN STRNSIUIUTD A LOULD
Wmnglaluyngseuresnsiindiuin luvasnufasermdwnfiuey feudisuauaunsesdugn
UfjA381 (real-time detection) lngldAduaduwuy (Primer) 1 ¢ $3uAUfI05933U (probe) #gn
penuuuluasdus Tidanudumzianzasiud@edivuefifesn1snsia @115U probe agiinisin
& Fluorescence wnfiallendun1sniadindyaaaisiseatasignuasseenu Ysunauasiinlaoe
JudndulasnssiuUinaddueiinduanuiiseluwnazseu
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Javnuazanunsalvedsafideunuiiulagiu
ST UINNSENTETINsURauveaie Legionella spp. ludawinaay

.

Aas1wnleyn/Andninrein1snsiande Legionella spp. lngasinzlag e
(Culture method) a3y 1ISO 11731 : 2017 Water quality ~-Enumeration of Legionella

4.

ﬂm&}’lﬂﬂU’m’]ﬂﬂiLLau\ﬂU”‘]"ﬂUW’N"'] V]LﬂEJ’NJENﬂUﬂWiG]S’J‘\]M’]L%@ Leg/onella Spp.

19835 Real-time PCR aammwumumimaauLLawmamauwmmuau

4.

AnwIsmsnsaaeunuldlaveisnaaeaun1agativen (Validate Method)
713 1SO 16140-2 : 2016

‘

ﬁ?Lﬁum‘imaﬁlaaummgﬂ%waﬁ% (Validate Method) a1y ISO 16140-2 :I@ﬂﬂ'ﬁaﬂ‘bﬂ
W3bULiBuUsEWings Realtime PCR Audtmzidsade (Culture method)
1. m3fnwiaula (Sensitivity study)
- Sensitivity U9959119800 (SE.i) Uaz1591999 (SErer)
- Relative trueness (RT)
- False positive ratio ¥0939m1ud0n (FPR)
- Positive predictive value (PPV) wag Negative predictive value (NPV)
2. NM3ANYIA1 relative level of detection (RLOD)
3. NMIANYIAIUTLNE (specificity))

liunsussiliumuaennassszningio Wneldans kappa analysis

‘

a7UNaNINTINERUANYNFRIUBIIT I (Validate Method)
waznsUTEIUMINEDARRDITYNINTI0 1neald kappa analysis

1 4 o o
KN QUTIEDUTU Ladsinunausiawusu
NIATINWTE Legionella spp. AMIEIT SLASIE AR LAl
Real-time PCR liadhegnstos Ivina LAZYNISASI AU
VaaoUNliLANA199INITUINSZIY

.

A11501NIINT1AU N Legionella spp.
728735 Real-time PCR Tuldauniglu
WeosUuRnsle
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Ui 2
WUIAR NOYE LBNEITLAZITIUNTTUNABIYY

va o

AIdelafnwuwiAn ngud naisuazl3denifeides ATeUARUIITE LONASIUITING

Ce.

dieifuiugrudniunisiinm Futelud

2.1 \odslewan (Legionella spp.) fun1snelsadlisuus (Legionnaires disease)

2.2 MInTIIVIRe Legionella spp. We3Bmsmzideade aamnsgiu 1SO 11731 : 2017
Water quality — Enumeration of Legionella

2.3 MIITIVNANTUGNTTNYBT09ANTE $1873 Real time - Polymerase Chain
Reaction (Real-time PCR)

2.4 11RTFIUNTATIAABUAIINYNABIVDIITNAADUNIRATYING

2.5 NMsUszdiuanuaenndesaladamuaiia kappa analysis

2.6 sATefiAeTeq

2.1 L??aﬁﬁiamam (Legionella spp.) fun1snalsaatdsunus (Legionnaires disease)
2.1.1 dnuazuazaeesTinvanledslawaa (Legionella spp.)

Legionella spp. \Juidsuuaiiounsuau 5ULM4 (gram-negative rod) luas1ealas
(non-spore forming) ¥u1AN313 0.3-0.9 Tulasiuns ware1d 2 HunNnIIUIewiiny 20
lulasiums onafisuiisldunnimiauuy visadaudeusudusindien Suwmss Woogly
anmindeufiguanysaiasaipiulnldnng lnsedendefueadiassdu dvwdnlun
axdnuaziiulanvaamiedy telideaunsawdoulmldsings ©

A9 1 WodloluaanNNITINZITa UL IMSIa8Ye BCYE with cysteine (A)

dgl’ aa ¥ =
waziwedlleiuaaiannisdeudinsy (B)

Legionella spp. WuwsuuniiiseNiaigein (fastidious bacteria) luia3glusnnsiaes
Wevialy deenisnsnesiily Lcysteine uwazsinmandmsuasgiiule ldaateaisiulamse
(nonsaccharolytic) dteulesilusfioa (protease) AMNILad (catalase) hagilesoandina
(peroxidase) Legionella spp. Usgnausmie 60 aU¥d wag 80 @lsnU (serogroup) lngalydi
I3 a ¢ [y PN N . & & & dAa ] =
Juamguadlsedidsunusnnuldvssiign fe L. pneumophila B dudeniianunusenassu
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niudlendu enteric bacteria Inein1sfnumutil pH 7.6 9 21 esmwadva Weldaaedu 0.1
mg (free chlorine residual/liter) daleiaa1 40 w19 Seavansagnde L. pneumophila 19
Yovaz 99 vauzdl Escherichia coli 1¥atiasnin 1 w1t e L. pneumophila 1a3ayl§i
vl 20-50 psewaLdea wazogluunaniivily vildunsdeldlugusunieusingesisly
d01uneIuna 4 mSuLle Legonella aUTdauiinuinnelsald 1éun L micdadei L.
bozemanii, L. dumoffii wag L. longbeachae?

Legionella spp. ansnsawulgilulusssunni wu fulaau vzaanu 1515 wazunanii
ﬁuuwéa%naﬁw‘%aﬁﬁﬁmm%ﬂg wu thugedu (cooling water) Walntae1ui (shower) a5
Feth Hudy aflmiammaalmmwmamauiuammaawmmmsauaa wazuwyaaluang
amenazdunIeIng Foay aai'mﬂumm'amauimmawwviﬂﬂmm (protozoa) I saunguiiu
Fululeflda (biofilm) wenanilide Legionella @anunsafsadinuazuieianieluraduesius
Tndale Soilddenumusioaninuindeusie Aldmuzan?

nsindaiinannnismelaeraressenianioazessiiitevudoud 1l wieddn
i deudowdlu e L. pneumophila dunsaduiu complement receptor 1 (CR1)
kae complement receptor 3 (CR3) ﬁag}uuﬁa%aa phagocytic cells vi11141 phagocytic
cells 1o §ﬂﬂa1ﬂ‘1/i‘1jﬂ‘1‘71ll,%8mu’l‘iaLi’hlﬂiu phagocytic cells lAlsan11 coiling phagocytosis LA
97n phagocytic cells @319 pseudopod coil 1ndpuseuidels Woarunsadudanissusaiu
9849 phagosome ua¥ lysosome ibliignyiatsainieuledly lysosome mnﬁuﬁaaammaﬁ
Ty cytoplasm utsiiiusuiu uazesnanwadlnemsvinlieaduan annsaluindoluwad
3uq soly wdansneneiinisinie L. pneumophila Foudainfiusuaulgly alveolar
macrophage'”

2995830V Legionella spp. ©

Eukaryotic cell

/ 1.
Biofilm Invasion

Free-living
Legionella ++

o/ |
20 Replicative \
10 \ MIF
0083 w0 18 2 & % ( \ | \/2

hours
\ Evasion
Broth 7: 4.

AN 2 19ATTINVBI Legionella spp.
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T Legionella spp. Wudenelsaiisniudeefowadvesdaddingug lunisiia
$1uu TnefhaasTinuaneienng 2 fail
1) Weandluedvoglumaduesdedldin dugeniuuafise wu Tusladavioodion
2) \Werzadeiufidmsunisularadnelumadueddusladnieniiun Sonin
Legionella containing vacuole (LCV) Fsdousoumensiigaulusmelsiunas
Tty sntudessSunUagadiusuou
3) levdouvangadlasaunianely LoV szsunasomsdmiunmsulaead
deflognelu LV axidsuguinauas 3l flagella agluannugdeliAnlsald
1) Weaveeninwaduadiusladaviosiiun wazesninegluduindeon
5) L%aﬁag“luﬁlqmé’amzﬁaﬂ’j’] Free living Legionella
6) Woanil 5 enaiigiuil 6 fe winluomaiFeadelneBuannisuasadifi
$1uu (Replicate) lonUawadauemaiumua L%@%Lsﬁ’ngﬂmﬂ?{auamuzlﬂ
Fudefiaunsaneliinlsels
7) Woandudl 5 o199gluidngrsastuil 1 viedud 7 Aedluesnlululefiduly
Lo
2.1.2 msiinalsaalgunus (Legionnaires disease)
wnaedelsn : lsndlounusifulsnindenuuaiidsegradsundulunaiumela
duans mmmﬁmmm%aﬁﬁiamam (Legionella spp.) udasenannsnuenldainssuuihiou
TneLanizognsbegUnsaifiviliAnazenth 1wy Cooling Tower (TasiaiasUiuarnAwuUTINT
Taluenmsing o wu lulsssuunielsaneuia) ﬂfmt,ﬁau ASoaiiu AN uLasa e
wdeadaudy uiy venaniifausousnieldaniussuviedeuasviendu rairdou
Uo U wazasyihn sadenibunamemnauimaite lnedeitialdduieuluiussul
N Iuamwﬁmmzams?}/a%Lﬁuﬁmauasmiam%uLLazﬂqmzmagj?mnmé’am vllAn
nshndeludfifigiduiiusily ©

G eubh

e — 8
UL ’
% * 2
"
=3

AN 3 UnasalsALarNITUNINIENeURNLTe Legionella spp. Tudulinaau
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nsfadedslawanuazdneazainisvaslsn | nsfiafor1unIseInA (Aborne
transmission) Insmagamelatenazeasti (eunefifuwiadnnis 5 luasow) wiorumnams
ddnihidideuvafizoriaiidrven Faduidnsfadeiinuldfuniian dauntsundiderinau
gausslsifiusng Tnedildsudedinanasddnvazonimmsszuemnewiu 2 uuu Ae Tu
nsdinsudeludsunadesasiidnvareinisadieldnielng Sen Musuiuen vievowdion
(Pontiac fever) wagusseldsuidoluuinuun e1nsassuusaisiulsatendniaugunse
visoilulsndiSouns (Legionnaires' Disease) ¢ dildnuaizormsuazszesiing sl
- Pontiac Fever ({dewden) iulseitanunsanmeldios nslidossnu dmlngjasnsiany
dlofin1sseunn wat 95% nuimeiedld dnvarernsednglinielug e fenisldviafsuy
Uanilesmush Uannduiideuazdode lufl e wasmilosdis gyidsnnuannsalunisiu
saud lneilsveyiing 24 - 48 4l
- Legionnaires' Disease (IsaUandniauviinguuse) ddnvureinis fe dldgeusyunn 39 -41
asrnwadoa lours fiauve melaliazan Wutinuinumssen Yeaiimssnauduiiunie
9971 fudunenamvanalslulentisanstne mstheroudisgunsiuazenaazsiiliing
meladuman sanmadedin 15-20% laslsedidsunusaeditanaiinfvendeuszana 2 -
10 Yu Tnefildsuidodilowaadiginme axdvliuansornsluszozun 1 aundazdinas
2 - 10 fuluué FetheilemaldeTinuszanm 15-20%

Trachea " Left primary

Right primary S /" bronchus

branchus ™

Right

Left
lung

lung

FADAM

AN 4 Yeanen1sTuedileiuaaing e

a & = ' oo sV Y 1 oy & i a & | w =
uananidunguidessialsadiReuuus laun naugasengausd 50 U Juld nquiguuns
nauuarafidn1zgRAuiua ialulsane 9 wu uziss lsaven lsauiwnu lsafndioney
=

=

Tsaiew Lo 3 (HV) filegsewinnisgnareiieide (ln #ile) nquitiinnstiugsvideindosiui
weanagea

JaseiifinadoanisunsszurnvadlsadiBounus 1oun dnvasuazsiuiuveadely
Usuauiiuinwe anunuldvesudazyana (susceptibility host) szUUNISIANITANAN
Fawandeuvedlsisuliiiiome anmuwiadeufiuisauiunsifinsiuiureswuafite Wy
gauunl (20 - 50 eAYALGYE) A1 pH 18911 (5.0 - 8.0) UTHIMUNE0 M TU04T0 19U
pznoudu LWstedh awsy Hudu ©
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n9afiadelsn ordmauenidedelsrnniaidendotyn ihae tasldewmadeaded
§umzredeving (BCYE with cysteine), N15AS2ANNT 8 Legionella pneumophila 31N
Haa1e v3elasn13aTIany immunofluorescent antibody titer JugeunuIonINAT 4 11
Tneifisufunatumdesiiaeafiusniudnadaineiu 3-6 dUawi BlFlunsasanuoufion
Tuilaazuaznisnamueuiveddilngavlvunade L. pneumophila faulsaitanann
species BuazasIliny Femsiiunuddylufinismisdeanarsdanddlussuumaiiv
yelavdedindug MAvates winwhuazanuduiwizvemails axfidanunususiugs
Jufutszaunisaiveadmihiluiesujoinig drunisidadeldvoudio ninasld35deud
Direct immune fluorescent antibodly stain 9 niileidafionmsiinuasnadostungulsanig
5¥UININE NInedauwaudauIndaaiziasigiuaiuisalddudunantitadels weaiu
usiugueansidaduagsinin

nssnen lduaudenliddndudessnwmesuiaue amisavieiedla dmsuduuzii
Tuns¥nulsadifounus Ao Weordldsnulsaindelussuunafunmelalungusiglolseily
Tau (Fluoroquinolones) 1t enalanasns @y (Levofloxacine) wsaauualasias (Macrolide)
yilnlual e10:8InsTedu (Azithromycin) MsAnwiainmsdunadiiiuinerdl wasnsdu
(Levofloxacine) enaaziinaihaidssunnningusalaslas (Macrolide) Inslannzeensderiugiae
Ao In135unss onlsunuUBu (Rifampicin) gaihunldsuielugiasfinnsinuviduman us
foyaillndiRssteaiivayuidilhifiome udolungunddadu (Penicilin), suwvlaaUotu
(Cephalosporins) wazenegiilunaslalen (Aminoglycosides) agldsnulailana?

wmsmstasiulse uwidnifiuysdaaduundunslsavsugiiveslsdiFounus ey
$1dufiavfomandesannsiiduaiunnasyiulmende Legonella Tnewlelldldsume
ydoifu Foallnth Adliuis wagyhanuazeindrsesiulaauagaenowiu Biocides Tuusunail
wewziietlestunisnedvedlulefidy dguugisruvihouliigenimiamiaiu 50 e
waldea ioanaudssionisundide”

1AIN1IAUANMITEUIN Aunidadoldsshuuasnuniuiuiinnaiigeinnssuuig
o duunadlsa lunsmaimmuesmssrintuenfarududuionmedennuassa ms
wilo/Aurundaivldlasnsfueasiu uaz/miolinnudoussdugs damuiildnad s
thysdnwuarnsshidess mmngaulugnsinuvesaun, vendeify, wazuasimy il du
1nsNsAUsE A amitgalunistestumsssuiavedlsedifouusls ©

2.1.3 d@aunsaimMsunsszuinveslsaaildsunus (Legionellosis)
Mnanusainsuniszuiaveslsadifsunuivlan dduiinnsmuitaeseusnlud
WA, 2490 Winn sszunasausnlud we. 2500 #ssiudlen waziinisszuinadilugveslse
AFouuus 10D na. 2519 Wntuiilssusu The Bellevue Stratford Hotel $5flanaiily Useine
an¥sewin1 fellanndnvesauiauninsiiufnuesanszawwing Winmetiuusdntu
ysEuAnASUTOU 200 T (American Legion Convention) ndsainsulszaluadaiulaiuiy
fnmsiiismnu ssguvangauae Tasilonnisadiedenuan (pneumonia-like symptoms)
iy Uanftsue deunde Uanidlesnduiie lo eads unihen waedld iudu Tnediiae
221 lFsumssnwmegneiuiaedt uafgtaedndiuu 34 MdeTin w nantudnsnene L
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auvnvaslsauazuvasiuvedlsa aunseidludiousuaien wa. 2519 ¥n9adaing1de Joseph
McDade uazamziduinuiammadsafinnnidouueiite dslusoulvidoinde Legionella
pneumophila wazldelsain Tsadidaunws (Legionnaires’ disease) wazilavinisaeuaiulse
nUIEvReIsRndoiAnannsUdeurentioluszuundeidu (cooling tower system)
Fafldounsnszerhumadeseniaveuniesuiuonimuazssuuviothvedlsus ndmndy
wuilsndiRatuiamivendnuvie eeawaids uenin ewdnild uazglsy luvansyssne
U Lusanaud @y uesing Sange Hiuma wauien eeamside Wud maunsszunveslsa
fniintudszunenaenisd uidulnajaenuludisggfounazagluliin wazdgalud wa.
2565 NUN135EUIALUA TUNETIUIE Yseinaansiaufiun viTliifindandniay 91uu 11 518
Tudunuiidedin 4 910 TsrdFounuidulsefidnsssmefnnuads iesanisastaeme
a1 InglamzUszinaluunuglsufszuuidh e fussfamgiaudmivlsailaonnie Sonis
European Working Group for Legionella Infections (EWGLI) Network

dnsululszimelne fnsnunmudinelsedidouusadusnlud we. 2527 Wudae
y1ine ngwewnndlndy eslar wazanzlaiinsfinulugig 15 e (Ra1py 2527 - Sunay
2528) filsameruavauseniu Fmdauunys wugvaelsndidounus Andusovas .16 vos

W agsaanntuAnutinadie1v11671981 7

ftaevondniauimunisulidnuilulsameiuia’
rlulsndifaunusiiounnd wadrwiulduin wu Tud we. 2549 lasuudannaniunigad
N51981041905 U3 NTUNNUNIUAT Wag European Union Center for Disease Control (EU
CDC) Milinvieafisrvmanmaiidunsnduandmingiin wdthodulsaensniauainnis
Andolarddlotaa $1uau 6 e iWurnatou 2 18 vafuuaud 2 598 smuedind 1 918
LagyUabon 1 918 ﬁ’jﬁlﬂﬁiwmu@ﬁa%ﬁm deapuaiulsAnuln UHAINTULNITEUIAYDS
dointuillssusuuwimiaiesangtaeynmeinlulswsnieatull 12 9 wa 2551 nufiae
fudulsadiFounud Wurueuandn 2 18 aendaduniesnduainduadndn sunensia
Fdarsan wagidlovnisasvarudsnndesluaniuiiifalsn wanuidoarnismizide
Legionella spp. lushagainuazsogns swab gunsalluvieain®™ U w.a. 2558 viraeuaiu
msszuinveslsadifeuuuslulinvienfissvnglsy myf 5 duadindn sunenzialh danda
W ndelasuwdainesetisfllsuiusvesananelsy (European Legionnaires’ Disease
Surveillance Network : ELDSNet) W udiinszuiningn nsueuaulsa Indtinvienilsn 2 s1e
thefulsadifounns nansaevaunuitaeimun 6 e Wultheiud 2 919 flheasds 4
118 anuafugniglsy samtavuideantawiznde Legionella spp. luiegrsiuay Foes

9 pazlud 2566 Arendalasusionutindeaaiielrvniaiwulled ulsed

swab g9
= s o a : = v a 19 A a

Weunuinauaunimvieaisanelulszmelneg ladnisnsnasvaninduindonnilonia
AeliAinainuide dlunisfiade laun szuviivaedu verudu lnenuitguainul nely
Tsawsuvansunedslilaunsgiu wu Usunueaesudassaundaliiieane Tsasulaladnigia
Anugzendanuiee Wunan 3 ¥ dausiinnssruinvessafndeliSalalsun 2019 (A3n
19) 52ufsiin1sms1anUlde Legionella Tuthannunasinveslsawsy Ysunad 5,000 CFU/L
@espruglsUasiiesndn 1,000 CFU/L) Fsfianudululandnviesfisathedulsadideuius

A v A Y

nndwdndenlulswsuil ¥ ysnanlfulideyanismenulsnanriisausiicusesma W
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European Working Group for Legionella Infection (EWGLI) Network Faduadevrauiisea
uazuAuMITEUInveslsaaldsunuslussninanguanndngin 29 Useina dusleUssimelungs
andnnufiaedeud 2 919Ul Aidunsavesfiswissinauasinoglsusifoat (as
finnsananszegiindivedse) sxfimssiiunisudsteyalugmbenuasisaguvesussmai
AamalamisnuassuguvesLiazUszmaluedoandn ieuurililiusssvulungs
Uspinaiug unadiluesiisrlussmaiidounsg Fienmaiannudenemaasugialiun
Usemelngld anumsniveslzsedidoususlasuluussmalne dued we 2556-2565 wu
fhwavansn 131 319 Fedin 1 59 dndvgfuhviondio deanunisainisunsszuinves
Tsnilovdmansgnudemaiunvesiinvieufisaaingiiniasieg Malan deduiddfinnsms
uAuuazdosiunsiaide Tnensudslilsusy usenaunis uaruivngsiaguasionim
avemsruuiATesUueTALazivaeidu Tudanmadhaedungudes lnslanzdgeeny way
fifgRdutusi vonanimhseuiifsatesmsnietudemmsnanistiosiuauaslsnagig
Waudstugsialsomsy aun Wlimeshanuazoauazsndoluszu uvi/vedaimelulsusy
ogevhiuazasiane®

mMsas1avde Legionella spp. Tne3insmnzidsadeuuarmsisadaanzianzauas
nadaumsTaniifetuiugaauifvande 7

FEneaevlunisnsranaide Legionella spp. 971989910119 5FIU ISO 11731 : 2017 Water
quality — Enumeration of Legionella lngAaun1snagaaufaiin1siessumiog19luiauidudu
Fuiteriialonialunisnsranui@eriimune (Concentration of sample) Ing3a Membrane
filtration technique TguHunsowiln polycarbonate ﬁﬁmmmgﬂim (Pore size) 0.2 lulasiuns
nsdifisegeflngnausaunnldaunsald3s Membrane filtration technique ¢ anunsald3s
Centrifugation technique Wnu Tnedumisaiiegrefinusaseu 6,000 x ¢ Wunan 10 uil
ﬁ]’mﬁ'uaﬂgf’m&i’m (Inoculate) #iH1uN15 Concentrate &2 (2835 Membrane filtration
technique %30 Centrifugation technique a81<laagnandle) Usuas 0.1 Ta8a3ns AsULOINIS
Lgmlﬁ?@ GVPC agar (mmsl,gﬂm,%a Buffered charcoal yeast extract; BCYE Ffldrunauves
slycine, vancomycin, polymyxin B kag cycloheximide) aq spread plate Tideg1andeia
Fantiiomns Yo ndsadeuniiguugf 35 ssruwaidea Wuna 7-10 Yu mamulaladi
AnInazLlu Legionella spp. (Typical colony) THidede (sub-culture) asuuamnsiasaide 2
¥iln Ao BCYE fifidruusenauved Lcysteine (BCYE agar with L-cysteine) way BCYE #ily
d1ulsenouves L-cysteine (BCYE agar without L-cysteine) Umﬁqmmﬁ 35 pernwaldea 1y
nan 2-5 Yy sruransnegeu mnude Legionella spp. fasanunsaiailduuemsidente
BCYE agar with L-cysteine Wag vLﬂJLﬁ]%ZgUHEJ’]WﬁLﬁENL‘?}IQ BCYE agar without L-cysteine
NINTINEITWUGN TN TE9AUNTE #2835 Real time - Polymerase Chain Reaction
(Real-time PCR) ¢

nsATIIEN LS NTIITe e RAuN3S HduneudunnnsetendesdlviEauidududy
Woriulenialunisamanuiderdmaune (Concentration of sample) Inga1al435 Membrane
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filtration technique, Centrifugation technique %3e358uq iwunzay Mntuthfegadild un
aftaufiolldansiugnasy (DNA/RNA) v8sdoqauniditmanedifieuuiqns Tngldyndeada
asiugnsndmudunidudaselafianyay Tnsvhaudunousneg sufiszylugaada uas
answugnssufiataldinlunaaoudeluiunou Real-time PCR wionsdifidslailunaaauliiiu
figaumad - 20 ssrnwaldoa
Real-time PCR Lumadinnsiiuuiinaansiugnssuidimug ivauideaininaia PCR
Tnefntunaunis9in agarose gel electrophoresis tilons29a PCR product 88n waldnns
ammui’mé’zgzgmﬁammﬁLﬁmsfu YUzl DNA Lﬂmmmﬁuﬁ’]muiuﬁqmﬁau FILATOURINL
59UgATN8U83113 U AT (real-time detection) Ussnauasiinlaazidudadiulnenseiy
USu1a PCR product ﬁLﬁu%uiuLLsiazsauﬂﬁﬁ%EJWLLUUWSQm (exponential amplification) Tu
&auzns1mgush S (S-shape / sigmoid curve) uenNaINiA3 Real-time PCR gltlunisnsiain
Vunuasiugnssy Ingnisnniasied uiuTeuiisumanududu DNA §radsiinsruuiana 7
RIUTDGINE (Standard curve) 958011 quantitative PCR (qPCR)
ﬂsﬁumsmsmLﬂjaaaumwmmiwuﬁﬂﬁmum RNA 1 Th¥a SARS-Cov-2 aiitunaunis
LUasJu RNA +Tu DNA (reverse transcription; RT) Fu3unmAlANITRIINIATIZINIT “Real-time
Reverse Transcription Polymerase Chain Reaction (Real-time RT-PCR)” naun15%1 real-
time PCR 330190 52930.0u Real-time RT-PCR %30 RT-gPCR 9nte1d1515un150 97991813
fugnssudana1n Yaguinsuiuupliduneu RT war PCR arunsavilelunasny §ATen
{fe7fiu (one-step RT-PCR) 52119198121150A579 DNA/gene lananeitinanensousu Ingnns
Aon reporter filiinsi3euasiugaanuindusieiu primer wag probe gneenkuulviduiu
U3t conserved region demunede Usnasuzvuiuiifswuanulaanizluddiiindue
uilumuludsdidindy eslannznaulndidsafu Tneduiiertustagnidentdisdr fulasisuiim
fu wnlidu primer/probe GTTuﬁ’Umﬁlm']zﬁu,a3@@mwwaaﬁa‘i%’w%u%’mmﬁmmmw
Fadusdlulanuneainudntnedned vesudilddudhmuno e fuasianaula (sensitivity)
AAUTINY (specificity) windu InsdruUsznoundnaeslfisen PCR (Master Mix) Loun
template (Fuatuves DNA fs1dein1sazifingiuau), primers (a1g DNA 7y single strand
ﬁﬁuﬂié’ﬁ’wmmaa template Wiy Tneaziidnu 3 W hydroxyl sroup Miazanunsasteriu
nucleotides 1lé) ), polymerase ( Goulexifiagldifionsseansves DNA) way nucleotides W 4
1 (A-adenine, C-cytosine, G- guanine, T-thymine) fivelirerudu DNA anelvl
%umauwumumawgmm PCR Usznousie 3 suumauwaﬂmaqmsﬂimﬂaauammmmu
T 30 8 50 soU lwa3as thermocycler mu
1. Denaturation: figaunndl 95 °C Lunsvianefusyseming nucleotides ¥ilsaney DNA
fhundeleeug usneenaniududunss 2 du LLamammuuﬂgmawwﬂmmaulﬁzm
Tuseudeuniiiiuaznynasian
2. Annealing: figauvnfiUszuias 50 °C - 60 °C Wl el9f primer @a1u130118AARY
template Lﬁ@L@%&JN&T’;é’T’qé’uﬁiama@maa template
3. Extension and Elongation: ﬁqm%qﬁ 72 °C %aLﬂuqmuqﬁﬁmmzamiamiﬁwmsuaq
wulesl polymerase 11191511 nucleotides #14¢) W6ON19AIU 3' Y09 primer Iaesnali
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complementary AUaIAULUEUY template 7 primer 1Azl ALatuee vililAan1Tase
DNA m'aLﬁaqvl,éfmﬂstwLﬂuﬂwsa%fNLLuuLﬁm‘]’wmuﬁ@m ARONLNAIN DNA template @e
1 a A e ~ a o a qg" < 1 1 A 1 5
AaneLfigd Lilafie99shiaes 98d91uIU PCR product WinTudy 2 ¢ udazeiloniuliunay
904 PCR Tuseuitanuazld PCR product eenulu 2° g nsiiinaziluuuy exponential ¢
product Tu n cycle 1 2" ¢

Specific

primers

b
(LS

Temperature

Elongation

72°C

DNA template /
—————————— Repeated cycle X time

Time

AT 5 JuppuugIuueslisen PCR

waziflosnnanuantivesdiulsynaudisiu sauisanzveaUfAzen PCR Tuud
aznisnagay vililuanuduassujisenves PCR fiAntuidewusuna product Al
Fuun plot iiguiuian lans Ui S (S-shape / sigmoid curve) Tugaeisn product
wfinsunuiiarlilnindn Sondn lag phase (1) uidlofsruiunduiesefunis S1uau
product ﬁwm‘ﬁmww%@m 38n31 exponential phase (2) aunseitalsifl polymerase 3o
nucleotides Lvidioag liUSinansiiduszesfiSondn plateau phase (3) fannil 6

)

Number

Time

A7 6 UASeIas PCR Miintiu LietnuSunas product Mdiinduan plot Weguiuiaan
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2.4 1INIFIUNNTNTITHBUAINNABIVAIITNAHBUNNYAYIINEN
mmsaouAgniomIanmldlivesis Wenaaeuinidumne fuinguszasdnng
ihluldluveuwanissensuimanisaaeuimiugnieniidedeld nsnsvasumngniesresis
AUNIM 991U ISO 16140 : 2003 - Microbiology of the food chain — Method validation L‘f]ummgmﬁ
nANAIN1I7TIIEBUAINYNFBIVETIBNATEUN1TATIINY el fiAmIneaeusims
Anananaaoy (test kit uagnihsnuiiieatesfummeasuervsamisadlulfiduuin ans
nraaouanultliveisnaaeunnadineildluiesufuAmamaaouls snsgusing naseuaqu 2
szg 1dun anvaeumugndesvesnstisnaaeululinu uazasiaaouve vt evesT TS
amsonaaeuldeisding1n Tngluinmsguasuisduneuntsmsaaeumiugndeanulsanves
Fnsndeu Ae Fneroudenanin uarisnaaouiieiun mesgiu SO 16140 dardimautaonas
oanifu 6 aty eliuftRnumsadonthlldldmummnsamesienjifims fwieluil

1) 1ISO 16140 -1 : 2016 - Microbiology of the food chain — Method validation — Part 1:
Vocabulary. fusasgiufidivuadidninaglenmdnwivihluiiisadesiuisnisnaseu/miugey
AINUYNABINIRaTIINeT

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.
Huuasguiissyndnnei iz duneumameiiedimiunisnsaseuanugniewedisnaaoy
yaden (EiiauTy) Wisuifiouiuissneds @

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. L‘f]ummgmﬁiswé’ﬂmiﬂl’ﬂﬂLLaz‘?T’umaumqmmﬁﬂﬁm%’umimuaaumm
gndesveisnaasuiivesujiinaidenld lnsuandiifiuinannsadiiunsnuisésdasede
gndes @msuisenedaiii/uazlsidl validated data) Y

4) 1SO 16140 -4 : 2020 - Microbiology of the food chain — Method validation — Part 4:
Protocol for method validation in a single laboratory. Lﬁuuﬂmgwuﬁizqwé’ﬂmiﬁﬂmas%’umau
MamnAlad1MTuN139TI9A8UANUYNABIVBITTNARDUNIGLEBN (Fiwunu) vesiesufoAns
madeuie ndliivFeudieuiuisensds wanmsfnuldlfiameosfiinisidnuwwinty) @

5) 1SO 16140 -5 : 2020 - Microbiology of the food chain — Method validation - Part 5:
Protocol for factorial interlaboratory validation for non-proprietary methods. 9 ummgwuﬁ
szymdnnshliuazduneunanedadmiunimssasumiugniesesisnaaeumaien (354
i) Tnsnnaouseninaiesufifinsnatsy uis (SuitnaaouitlildingUszasdnianisén
fosnmsausIngilunsfinymsednvianizediy) @

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. Lunnsguiissydnnisiilunaz tunsumanaiadniunisnsiadey
mnugnisswasitnaaeumadeniiiiuitnistusy (Huitnaaeuiisliagusrasdmanisdn) @9

madendunouiililunisngiadevanugnieswesds FuduanamaseuiiiBnimeaeud
o iEnsidenld 1Juisnieeldsumsmsraoumugniewesisudmiol &uduisimeiing
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2
ad v

ATIVEBUAINNYNABIVEMITUAT kazHINTUIIINITATIADUANUYNADIWOITUULARLTUN IR
SO 16140-4 w30l (Hun1snTradeuaugniesvesitnaasuninden (8ANmuITY) vos
wesufuRnmedeuien TngliiuSeuiisuiuissnsds) d1isvaseudusufiumsma 150 16140-4 ua
msfnwldldiane o fidnsianwsindy Fesfoanisdursiluldfosdimnsaeunny
Qndoswesisinads uidnismsraaeunanugniesesisiu Tallddidunisnia 1SO 16140-4 s
finsunvUIBYRINaNDIM ST Ui TRNSHosNIMAge minegluveudisaiunsainmmiu
AoUANNYNABIYEIITAM SO 16140-3 ¢ winsdifiegusnvoutiesewinnisasiaaeuaugniios
Yo diBifiuf (Fiunsnsivasumugndeweisau 1SO 17468, ISO 16140-2, 1SO 16140-4, 1SO
16140-5 sueuivsnzas) waglunsaliineaoudslsiineinsnnaasunnugndeswesisuinel s
fdiunsany 1SO 17468, 1SO 16140-2, SO 16140-4, 1SO 16140-5 pyemswsNzas Fan1wdt 7
Tuns3fendsil {3fedeanisnsaaeuninugniesvesdsiiiauntu (Altemative method)
Ao ‘3%ﬂ’151§133%1ﬁ%%@ Legionella spp. 1au735 Real-time polymerase chain reaction (Real-time
PCR) TnuiUSsuiiisufuiBunmsgu (Reference standard) #ie 33msimzidsade (Culture method)
M1 ISO 11731 : 2017 Water quality —Enumeration of Legionella ﬁaﬁ?uiumimwaaumm
gNeA99v093s WA Llun1smIY 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. ??

Are specific (v;v legal) :
N " ralidated : v To validate alternativ Choose
?TART : 'h'l‘\m' m!”fmld“ ‘hd““' ! NO| ™ requirethents pyen to usk rpe |nr|) m-t: ) :'nr:‘mdra ~ 150 ;I:; 40.2 '
[performance characteristics are given) (SO 16140:2003 or 1S0 16140-2? prop ary 2 J . 8"
To validate non- rd Choose
proprietary methods . 150 16140-5
[ YES ) 7~ N To do a single- Choose
\ J PR | Lo Q
N ‘ YES ) laboratory validation ~ 150 16140-4
To validate reference pe” .(jhnnw >
methods 15017468
Is the method validated in accordance with SO 16140-47 < Choase .
ISO 16140-2 -~
. YES |
o !
| Apply method only in that particular
laboratory (Incl scope extension)
v
1s the (food) category to be p . Y i Choose
tested in the scope of FINO 9% For extension of the scope of a reference method < l\”{A)|l”';:uH
| . i’
validation of the method? ’
] ‘ For extension of the scope of an alternative (proprictary) method validated ‘ ' Choose
f | Inaccordance with 1SO 16140-2 | IS0 16140-2
\ YES ) - At
< | For extension of the scope of a non-proprietary method validated in accordance ‘ e Choose
| with ISD 16140-5 | ISO 16140-5
| For use of the (food) type in a single laboratory, In the case of
a) an alternative {proprietary) method validated in accordance with 1SO 16140-2; or Y Chacke
Cy,'.—,“;v ©——#{ b) a non-proprietary method validated in accordance with 150 16140-5; or — 1SO 1€ 1"‘0_4 ;
1S0 16140-3 y c) a reference method with perfarmance characteristics; or - 2 g
{verification) | d) a reference method without performance characteristics

] g 2 aa v as
AINN 7 VURDUNITLAD ﬂ’]ﬁﬂ/li‘ﬂﬂﬂ’ﬁmi’mﬁﬁ)Uﬂi?ﬂiﬂ@‘ﬂ@ﬂ’)ﬁ
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» minsaaaauauldlduasiZnageu (Method validation) a1a ISO 16140 -2 : 2016 -
Microbiology of the food chain - Method validation - Part 2: Protocol for the validation
of alternative (proprietary) methods against a reference method.

#oaUfUAn1InTlinnzinaznaaouiinisauauauawneluiesu fURn 150
1ATFIUAING ISO/IEC 17025 : 2017 “Formunniliuitseanuaiinsavesies jURn1smnasy
wazosufiRnsaouiiiou” deadenisiinzifidulumuaiudenisvesgniuazimanzas
dmiusetrmaaeu lunsdliignnliildiszyitnaasy viesufoansdoadenldisidulagdu lu
F2AUITUNIPINTENINUTEMA SEaugline seszauUszma wsailuisludsmiensaisnig
IngrmaniMiiertosdsdusedasinguduinnisiidedield m‘wawgummwmm{[mﬁ‘mlu
\Juu19574 (non-standard method) ’gﬁwaaﬂgummiwmuwmaﬂ Wifinsvereviedauuasn
Fumsg1u (modified method) samsianisl3Bumsguuenvevdiefisinualy wiedsfiwmundy
YanadoUad1a1eLaz/MTolinaInse e uRn1sdesdiiun1sngy aaeumugnAesredis
nagautiug fiendn n1aden (altemative method) W3suifisufuiTunsgumieissnsds
(reference method) nudumeuluidunsgudmiuamaaeuanugniomienuldly eveaou
fuduifismadendumingfuingusrasdvesnisiiluld luveuwaniseniuiwanaasuiinan
gndeadedels

Tuthagduionansddedmiuduiiunisnaaeunnugniowessisin gz ineading1d
flyul481989 Ao IS0 16140 atuaiande 1SO 16140 - 2 : 2016 AldeanuMaLURTULAY ISO
16140 : 2003 tona"3Hi9091 “Protocol for the validation of alternative (proprietary) methods
against a reference method” @aiduatunilalunguisuinsgiu 150 16140 n1elideidos
“Microbiology of the food chain - Method validation” ﬁfmqﬂﬁza\‘lﬁlﬂ ol unuujunatunis
ATIABUAINYNHDIUBIIBNHNATIALEY (rapid methods) uaz/v30IEnAaeUBE19i8 (easier
methods) Faduiafinmutuiiensin (proprietary methods) Wieianaaeufiaviunldnaunuis
919892

mMsAnwUSsuifisusidudiuvilaesnszuiumsnssasuanugnieswe isnaaeuniu
SO 16140 - 2 : 2016 AeuumslaevesUfifniaudn (organizing laboratory) Usznausiy 3 @

1) nsAnw1amla (sensitivity study) un1sAnwiuSeuifisunanisnageunieisened
wazdimadoniniainula (sensitivity) fiuansnstunield arunsodnuluiiedrefivuidou
AUNTINIUETIUYIA (naturally contaminated samples) W3ef208197 1 ANT 0 (artificially
contaminated samples) Algt

2) N15AN¥1A1 relative level of detection; RLOD (RLOD study) 1un1siuSeu g umn
UunuigavesdwisnannsannanuldfeiBnudentasieitsids lnedesinsfnuly
fogeiiRuTe (artificially contaminated samples)

3) NMIANYIAIUTINIE (specificity) KTaAn® Inclusivity/exclusivity 183359191890 Ay
inclusivity study Wunisanwuiielimsiuismiuansavaiamadenlunsasanuidedihnaned
Huideuians dau exclusivity study WWunisdnwifuidedilaileidmunsidudouianisuan
e aneus Wethumeaeudeimadenlimmsanudewai (Wofldnidenumaaoy
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msdudeiiilonmaiinufisertufudotvang vieillenalinanasevuinudisafuide
W)
2.5 Mmsusziliuadnudanafasvasdoyaniedain kappa analysis “¢

Kappa coefficient W3odon19n15ie Cohen's kappa coefficient Sududradadildnnaou
AaanAsed (Consistency) fuvastaya 2 nau TuuensalonalddviuSsuiieunisuseidiuen
vostoyaymisriuaindussdiu 2 aundoisnaaeu 2 33 Tne Kappa coefficient Hulsigidusios
odauyAgiuiindeyaiiauladuiinsuanuasiuuund (Normal distribution) w3efii3end1 Non-
parametric statistic Hadnsl#an Kappa coefficient fuareduredsmiudenadossenineiuves
2 gatayadnlvinadauInuileuiunie lnadaumilouny lngn1suUanumugvesnaia Kappa
Aenmaildfinsandmnged 1

A15197 1 Nsulananudenndas (Strange of agreement) Ua3ANaRA kappa

AEds kappa YUAAINADAAADY (Strange of agreement)
<0.00 ug (Poor)
0.00 - 0.20 loe (Slight)
0.21 - 0.40 wold (Fair)
0.41 - 0.60 U1unane (Moderate)
0.61 - 0.80 A (Sub Stantial)
0.81 - 1.00 Aun/Aeudaauysal (Almost Perfected)

2.6 MuAReTiedes

AANYALARILTUNITNUNIWITIUNTTN WITY UNAY LAELenaITIvInIg I5eaziBen
Lﬁaaﬁ’ué’ﬂwmzmﬁzm@%mwaa;liﬂ’miiﬂﬁL%EJ‘L;LL‘U% wasiienafuuvasundide wazidenelsn wil

501 Aefiuns wazane (2543) AnwinsUuileuvendonuaiidelussuuimasuanssuly
AMZTIUALNYEANENT NN IRDVDULNU TILADULEIBU — W wN1AN 2543 Taeifugegan
156 fegne avIanuLlle Legionella spp. lushegns 10 fheths Gewaz 6.00) 7

Weild dlnaa (2551) nmanavauauideuuaiidedinelsndidouuusluszuuusu eania
Yeuuszana 2546 - 2547 Tneldfushograniainweiiadu s1uau 21 fogas wazsograhann
mmaﬁﬂum%w%’Ummﬂﬁﬁmamﬂ%mu 1 95uly $ruau 30 é'haem sausiemun 51 fega
mmlmwumsﬂmﬂawuama Leg/onella Spp- Tnavesauuaiide saus Stophylococcus SPP- W6
wukuAR B TnnfegnimeRufuleds 7. 03 10° CFU/ml wazseghahannanaiaseniily
FBIUFUBNIARAY 4.12 x 10° CFU/ml Tasisiany biofilm GLumasnwamwwumsgua‘mmma
MafuasTene Lazasiafitesiunsinnseunasiinngniuniy @

afnm 3un wavAme (2551) Mansaevaludwindevluaniuiiinlsadifounusly
fvieadiearnanuandn fuadindn sunenzial Smiaresn dquieu 2551 Tnewfushosnsihds
asaLiiende Legionella spp. nansaeuaunugthedudulsdieunus Jugraunnin 2 51e
seusnidufthomandgaony 52 3 drused 2 Wudihomanelinsvety asadudufieds Pcr
and culture 1ﬁwa§ué’m%a L. pneumophila serogroup 1 LLazmamiLW’lzLﬁdnya Legionella spp. 31N
tiluunaseng 9 $1u9u 14 F20819 swab 91ngUnsailuveatin $1uau 15 faeg1e sy 29
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#8119 nule Legionella spp. 1w 17 fete (Gevay 58.62) Inefegwitnuidaifushetei
9 fred1a (Govar 64.29) uaiiotne swab Mngunsaflusiesit 8 fedhs (Govar 80) wazwanis
asrauenideluieinieasssne annsuinermansnisunng WUAEWUS L. pneumophila
serogroup 1 (5e8ay 64.7) Legionella spp. (Sowag 23.5) 12

Tsu (anes uagAny (2556) in1saeualunissruiavedlsadilounuiluinvesiiessnn
glsy Mendsnnmsiunsvioniidludmiagiin Suia 2549 - uns1au 2550 ety
udaninanuyedinguuszsusemalnedn ddnvieaiisn 4 918 Uaedielsadifounuiniendsan
uniigludsningfin Fausiioungadniey 2549 ﬁ']m'iﬁﬂm‘[maﬁumﬁﬂumﬁmamimﬂ%’ﬁmmm
European Working Group for Leg/onella Infection (EWGLI) Network iLag Lﬂ‘LJmE]EJNu’lmm'ﬁ’Jﬁ]LWE]
w2\l Legionella Spp. Tgun dhlumeadu dlukesin Han1sapuaIUNUEUIBE Uiy 5 518 uay
AUYEe 1 1 mwmmummaﬂumuwa mamﬂuawm Ao L. pneumophila serogroup 1
LAZHANINZLTDINUNAIA IuINLLiaJ WUl Legionella spp. daldun thanilnta thaan
DA Imaluwuiumamal,au NakELENy L.bozemanii $1uau 5 §iegna way Lpneumophila
serogroup 1 MU 2 gy

o591 umlesn uavamy (2557) liFnwdosmsihse Timsunsnszaneide Legionella spp.
Tuwnaahildlulswsuviesaesvlunany Tusenidoanilovessemdlng U 2556 Tngldiiushegng
thanaefiadu dhanfeniudeiintaluiesin Jevieduinih ssuurihguudetudu vhan
ot szuunseni wazaszie saeAus LN 200 Fete Mnlsiusuwariaesn 75 uit Tag
1¥33nsineide wazanatudurinvenie a8 PCR nsaanunisuuidiewvende Legionella spp.
1 48 fegne Gevay 14.7) anlsalsulazianin dauiu 24 usis Gewvay 32) 1Wudiegeien
th/iinaluesin 36 deghs vefludu 10 fegs edesmantigu - 1hidou 1 feghe wagdaing/
e 1 fets @

91301 B1UWY uavAmy (2558) Masualunissruintadlsadifoususlutne afien
glsU il 5 fuadndn sunenziUl Smiean sewinedudl 2 - 5 dquieu 2558 wdsldsuuds
31NLATeTe AT UL usYBann1mglsy (European Legionnaires’ Disease Surveillance Network :
ELDSNet) rudntinssunming nsumuaslsa hiltinviouien 2 1o taerdhilsedideunus vdsan
anAlsausuuvinisdusuaingn sunengill Smdanen fulddidunsaevandsa lneifu
fhegsthaniesitngiae Uewnth dhinviosatn uay swab qususi wu Rongrsdnauth Wil
aszih uagailntaluiosin dansranieiesufiaing wamsaaumuwmﬁﬂwﬂy’wm 6 518 \Ju
faeEudy 2 18 fYasasde 4 e sanuadurmglsy Sadnnansromands Wity 2 1
nansiiufieg1aiidinse Suau 24 Freghe nuTmTRNULEe 9 Fegs (Sesay 37.50) 1Nt
Fufignsdnenth 3 fregns th¥euaniinta 3 fegs uazthguiienseuth 3 feens Smunidude
Legionella pneumophila serogroup 1 31U7U 8 19819 (Souaz 33.33) uag Legionella spp.
1 fhoene Goway 4.17) swab guifausidiuiu 12 feg1e nsaawuide 3 fegrs (Gosag 25.00) 110
fongnadnamih 1 fegna silntavesing 1 fegs wagiailnthasydiet 1 e Suundu
e Legionella pneumophila serogroup 1 2 A18814 (388@a% 16.67) Legionella pneumophila
serogroup 2-14 3 fwgs (Feway 25.00) uag Legionella spp. 1 fwgs (Fevay 8.33) 19
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o391 unlest uazane (2559) laFnwideaniathenmsiiseSinsunside Legionella spp.
menyTusendsanioresszmelng T 2557 - 2558 Tngldduiiunisnsradeulsausudidis
A3t $1uIU 23 Wiy warlddufudiegini S1uau 129 Frede amanunisiuieuvente
Legionella spp. 31w 19 g Gesay 14.7) 0

sdlan IwvEaITIaN (2566) Mmsasuaulseludandon mondslduneauiinveaien
gatmutasdulsadifsunusnduiuniauveaiivanislulssnalng Tneviinisfnwiuas
asradeuan ndwndouiilenaneliinmudedunisinde Lo ssuuimeaedu neladu
Tnenuhaunmilulsusuratswidsldlfunssu Wy Uinueasiudassaanieliifivme
Tsawsuldldfimahemuarendafuicne Wune 3 U swaimsssumvedsaindelidalalsu
2019 (adn 19) s2udedin1snsranuide Legionella Tutharnundetivesdsawsy Ysunn 5,000
CFU/L @nsg1uglsumstiosndn 1,000 CFU/L) Fsilanuidululffidnsvieaiieavedulsa
Adsunsnndwndenllswsui 49

FsnnanAdesneg Alddnsaevaumanmavesmsunsnszaeveslsadiounus wuiidl
mmwé’ﬂmmﬂﬂzumwLmeiqff”lmsf[,uisawa%mmwmﬂ lhwunzan seUSinunaeiudass
aandoluth Apudunsa-sg LLazqmmﬁmaqﬁwﬁlﬁmmsam‘fﬂﬁwﬁaamﬁsaLﬁﬁy@dmamﬁm
$1uuld samtsaanuUsznoun1seneg é’aiaiﬁmmiuazhiiﬁmwﬁﬂ5qmmﬁ1ﬁ’ﬁymaaim‘f’j Jalaila
dunalumsthssdnu/Aauageinszuutszdn ssuuindeuns ssuuUiueInALayszUemIL
ou woRadu fuiniuazdafiui wfemhuariindhonuh ssuureth savkanwIndeusneg
fiflenaneliinanuidsdunisindodilewant nsnmamsiesujoinislunsamaniide
dlowaandsdendanudfyesanindmiussuunsihseTinsunsseunavedsadide uuus Fad
nanesAseildFnuislunisnsiamideasleaan feil

AKIKO EDAGAWA (2019) Anwini1suuiouvende Legionella spp. Tugae81911970
danndon Tnew3eudlou 3 38 Ao 1) Famnzidsais (conventional culture method) 2) 35 PCR
(real-time quantitative PCR) way 3) 35 real-time gPCR 3211U amoebic co-culture method lng
AUS0819118119L 110 feehe nud1 TTmnzideads asanudauies 3 feg (2.7%), 35 gPCR
ATIINULTE 74.5% d2133 real-time qPCR $2uU amoebic co-culture AsIanUTeds 75.5% uaz
dewunsian1aldd wui13s gPCR $aufU amoebic co-culture method A39NU Legionella
spp. L. pneumophila w&ae L. anisa d2357181459u U amoebic co-culture AFIaNY L. lytica
waz L. rowbothamii faiun1513133 gPCR w1 l452u Ay amoebic co-culture method a¥LTu
Uselemeghannlumsasamidedslowaan ¢V

Deborah A. Wilson (2003) An¥1n150523%1 mip gene BRIk Legionella pneumophila
72875 real-time PCR Ingnagauiy L%@ L. pneumophila 27 isolate, Legionella aﬂ%ﬁaus] 20
isolate, wupfiFeaneusdug 7y Legionella $1uau 103 isolate, Frpehsaingiaedimig foty
$1u3 8 Fregenazieg 1eTimdoldTu $1uau 40 Fedne manudn3F real-time PCR Tina
sensitive 100% Wazspecific 100% dmduide L. pneumophila *?

D. Eble (2021) M3ms2amIUSe Legionella spp. lushathanin InestiludnldiSmeiaes
o munnsgIu IS0 11731 deisiseddszuznaiunlunmamisiieade f 15 u uazluduneu

¥
a v A= =

o Y a6 & 2 1 a a v = &
ﬂTﬁEJ‘L!EJua‘U“UﬁSUENL“UE]mJﬂ’J’]lIENEJ’]ﬂ prainANNRanaIals UITeIalinsAnwludunaunig



-20-

S

guduanlalativeadaNaddy UUANUDINISHRENTDTNNIUNITHIZLAL AT TI9EBIWANTLELLIALU

Qe

S LY dslj _ o VL9J o ELEJ a < E’L ud o o (33)
JuppuMsEudueas 2-5 Tuld ihliinanusiaslunisneaeunazianudinizg
v & a dglj d’lj . g I3 o

NIINU BUNTERN (2559) MT19dUNTUUUDULYD Legionella YDIUIIINUDNABDLEUITUIU
40 foe1e 728335 duplex- PCR wulinsuuleowveadolufegishviaun 27 feg1e lnsusndu
\We L. pneumophila 8 #9814 Wag Legionella spp. 19 #9819 LUBLUTBULNBUAUITINIZLASLTD
Fanun1suuleuveaide L. pneumophila 31u7u 4 d1oe819 (35 duplex- PCR Tinauanidu
Legionella spp. 311U 3 #9819 uaglinaau 1 fleg19) enageumiudnnizveslnsiuesily

| A N 2 A a Y o A . . & .

wudkavalouwendvunlnalAssiuil amplified laain mip gene lulde Salmonella Typhi Laz
Salmonella Enteritidis oe9lsfinunaain direct sequencing wuiniiaisuiiipalelng aseiunus
o9lnsesmioudu mip primers (17/20 daadlalng) A9tuds duplex-PCR %qﬁmmimas
AUTUNY gedzmInkag mmiﬂumsmwmma L. pneumophila wag Leg/onella SPp- mumf\]
794l9n1991599M1BU mip IMAVBY 165 rDNA LW@ﬁﬂﬂ’]iLﬂ@NaU?ﬂUﬁammﬂL“UE]LL‘UﬂVlLiEJE]uG]

Daniela Toplitsch (2021) AsmnTidente Legionella spp. mﬂmamwmmmqwm
Wosnnagaeslduszaunsaimaesufuiinig desldszesnatreutisunulunisvaaay saumnslu
Areg1dnin1svuidouvealedus Iuwruninvitlvgesuniusenanismaaeule §idedq
MNSANBNUTULTIBUTEWINIBNNZIA891TORY 1ISO 11731 U35 gPCR F991NKNANISNAADUNUI
aa v o & A va S v o & . A a
7% gPCR Tnaaududeaus laauin saunsdsdnmaiuisalunisnsianiiie Legionella spp. il
Usuannagla Fedieindlamnsadunldlunisituienielseifivaniunisalnisssuinvedlsnaidey
wusluanunsalgniduliegnelivsednsam

Mojtaba Moosavian (2019) An¥1AIIUYNVBWTD Legionella spp. luhnasu1vo LT B9
Ahvaz nengiunnidesldvesdninu laeld mip cene Tunisszyvlinvaniedilowaan lnaiiu
F0819U1 91U 144 F19818 INIZLAYIVUDIMTLAYTD BCYE kay MWY agar plate thlalaiives
WeNTuUU agar plate lUTATIzva1auLUa laawUuLte Legionella spp. Tudi9e1911 13.9%
(20/144) 1i97AS13YA8 mip gene sequences # 13 isolates 1 Uu L. pneumophila (54.1%),
5 isolates WU L. worsleinsis (20.8%) fwaeilu L. dumoffi way L. fairfieldensis (4.1%) Fn15NU
o Legionella Tuunasunarailudunsiedoszuuguamvesuszyiyuluiuile dndudeinig
Aamuegsaiaue Weanaudeslunisuninsyanevesadela ©0

ABn1snitadenisiesufiRnisndeduisuinsgu (Reference standard) lawn n1s
Wglasade walloaanidie Legionella \Uuleiiasyeinfeserfnisiniziassuue sy daiiiey
Buffered charcoal-yeast extract (BCYE) agar iinsnaziilu L-cysteine Wal agjuazéfaamﬁﬂ
syuznatunsasyiaulnunnIudsluaiilsenelindue) lnedsaniziaesuiulszana 3-5 Ul

aa o PN a ~ & . A Ao ada
dannend CO, Soway 5-10 uazNiaangil 35 aeAleaiea We Legionella NagluanizNdaildin
lua1u150193 Y UUIMSLAB9We (non culturable but viable Legionella) Feluan1izdainisan
Wonauuwizlassluduue nisau e NiAnansonisyiaieensoinndun iy uiuluie
pzilvn wivhleiauauisalunisnelsalalvddnase WeINI5n19959aMa W UINTTUVOS
& Aa a X v ova o aa = I & & aaaa
Wokuplisesudunumuntu Jladn1swanisn1snsiaie iy 15 waztduisndiamnula
LagANTNNIZEL WU nsthwella PCR wild 1ugu @7
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unil 3
A5A1UN15998

3.1 sduuumsanen

sUnvun1sAnslunsfinuilamaaes (Experimental Research) WeRmudnen1nnisg
negouNaieslf UAinsvesnawieslfUinisansisaaunstewye Tunsnsaamide Legionella spp.
lngviosUfUn Ml sdmsunTante Legionella spp. 778735 Real time - polymerase chain
reaction (Real-time PCR) u wagAniiiunisnsadeunnugniesesisitoidsuifisunanisaaey
ST IRInsTIu Gz ate) wardsfiwaundu (35 Real - time PCR) Ssiadinanisnaeud
Tlusnenaiu Ima%umaumamnaaummgﬂ(ﬁawaﬁﬁma%Ug’jﬁ’amummgm ISO 16140-2 : 2016
“Protocol for the validation of alternative (proprietary) methods against a reference method
UsgnaumensAne1nula (Sensitivity), ﬁwﬁwamﬁmmmmmwulé’ (Relative level of detection;
RLOD) tagAUdmnIy (specificity) ImamaaN‘mumﬂi’ﬂumammaaummaﬂmawamﬂumw
Lﬂumamaummm’mmma Legionella spp. N4 aUJUANS (naturally contaminated
samples) wazfheteTiiiude (artificially contaminated samples)

a6y a

3.2 Lﬂsaaua/'aaﬂaﬂﬂsmwmmam ssnil/emsiieate uas L%a%awsamem
3.2.1 \A3esdioinendans

- iedoufiuUinaansitusnssy (Real-time PCR) 8%e Analytik Jena $u GTOWER®

- 1pF0sds 2 fumts (Balance) §u ME-T3002T 8%e Mettler Toledo

- ieesiamnudunse - s (pH meter) §u S20 89 Mettler Toledo

- inestisnide (Autoclave) Ju SX-700 Bt Tomy gamdl 121 + 3 ssmawalfea

- ﬁﬂaamﬁ?}j’@ (Laminar Flow) §u NU-543 f%a NuAire

- fummwzide (ncubator) $u KB720 Bte Binder gamgd 36 + 2 asmawaLioa

- idesdumies (Centrifuge) ﬁ’qm‘mqﬁ 4 asrwadiea (Eppendorf, Germany)

- Sraimunugamnfl (Water bath) $u BAD-12 8% RAYPA gaunndl 50 + 1 oean
WAy

- quﬂsaqéhaei’m‘jﬂ (Membrane filtration equipment)

- \A3BagnaIsazane (Vortex sheker) 8% Heidolph

- ipeuugNaNaITavate (Vortex mixer) U Vortex-Genie2 fva Genie

- Lﬂ'%laa@mhamiazmﬂé’miuﬂa (Autopipettes) 3305 1-10 fiadans v Eppendorf

- Lﬂ'%laa@mhamiazmﬂé’miuﬂa (Autopipettes) Usu1as 100-1,000 lulpsans
Siie Eppendorf

- Lﬂ%mmf\iwmiazmaé’miuﬁa (Autopipettes) U3ums 10-100 lulasdns e
Eppendorf

- 1A3eagaIngarsazatednlusl@ (Autopipettes) USuins 0.5-10 lulasdng v
Eppendorf
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o

3.2.2  9da aunsalinedans

9 9
1

- WHuN389 (Membrane filter) ¥iin polycarbonate wuAgHIW 0.2 lulAsiuns
(PALL, USA)
- Uwnitd (pipette tip) ¥un 1 wag 10 1895
- Ywniivuuudununses (pipette filter tip) vwa 10, 100 way 1,000 lulasans
- VaRANAABY (test tube) VUM 15 WAz 50 Uadans
- mzunsldviaeannany (test tube rack)
C umnzde (petri dish)
- VIPMIVUIAUTITY 500 Tadans
- pziigaLeanagen
- 7a9a PCR vu1A 1.5 1adans
- 7299 PCR vu1A 0.2 1adans
323  WoyAunivsnede
- 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  @swl/ensdente
dmSumziasade (Culture)

- 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)

- asazareUves (buffered water)

AmTUNTIAMATUTNTTU MeTT Real time PCR

- gathenataasiugnssudmiuLuaTi3e (GenUP™ Bacteria gDNA Kit,
Berlin, Germany)

- gathen PCR dnfunsiamansiugnssaved Legionella spp. (PCR max™)
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3.2.5 ﬂﬂﬁLﬁ%‘c’JﬁJa’]‘WﬁLgﬂ\‘iLéﬁ'ﬂ LLﬁZ's'i"liaza’]‘c’J‘l:llWLW@%
3.2.5.1 Glycine vancomycin polymyxin B cycloheximide agar (GVPC)

dulsznau

BCYE agar base

- Activated Charcoal 2 03

- Yeast Extract 10 n3u

- Agar 15 nu

B 500 Haqans
GVPC Supplement

- Glycine 15 nfy

- Vancomicin 0.0005 ilaaans
- Polymyxin B Sulphate 40000 U

- Cyclohexymide 0.04 n3u

- thndu sterile 10 Hagdng
SunauMsLeEL

F101ms1aeede BOYE agar base 13.5 n3u avanediuUsnaustanualuti
nduU3uns 500 Jaddns
- ennufousuemsideadoazane duie ot
- intulandeds autoclave 7 121 ssrnwalded uiy 15 Wil
- @azaiy GVPC SuppkynentﬁaaﬁWﬂﬁu sterile U115 10 adans a1niu
iwuadluwan BCYE agar M unsedeud
- wihemsidsaiauay GVPC Supplement Tty ntumudsluau
ownsiasade dmiuldnu
3.2.5.2 Buffered charcoal yeast extract agar with L-cysteine (BCYE)

dulsenay

BCYE agar base

- Activated Charcoal 2 N3y

- Yeast Extract 10 nfu

- Agar 15 nfu

- dhndu 500 Haqans

BCYE Growth Supplement

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

- Potassium Hydroxide 1.4 n3y

- Ferric Pyrophosphate 0.125 n3u

- Potassium Alfa-Ketoglutarate 05 n3u

- L-Cysteine HCl 0.2 n3u

- Sterile solvent 10 ¥adans
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JUNDUNTLAT B

F191M51889180 BCYE agar base 13.5 nfu azawaiudszneuimualuii
nduUSuns 500 Sadans

Tanudeusuemsiasadoasaedudomi i

Mntihlusidese autoclave 7 121 ssrwadoa w1y 15 Wil

a¥any BCYE Growth Supplement 78 Sterile solvent Usuns 10 dadans
Mnthudnaslurn BCYE agar firiunsanidondn

wEeMTaeuTeuay BCYE Growth Supplement T s1nifumuddlu
MueMNTAsLTe dmsuldiy

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

dulsenay

BCYE agar base

- Activated Charcoal 2 N3y

- Yeast Extract 10 nfu

- Agar 15 nfu

- dhndu 500 dadans

BCYE without Cysteine Supplement

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

- Potassium Hydroxide 1.4 3y

- Ferric Pyrophosphate 0.125 3y

- Potassium Alfa-Ketoglutarate 05 n3u

- Sterile solvent 10 dadang

SupounsaIe

Fi01msias e BOYE agar base 13.5 ndu azatwdiuusznousiomualuii
nduUSuRs 500 Sadans

Tanudeusuemsiasadoasaeidudoiifu

Mntnhlusidese autoclave 7 121 ssrnwadva w1y 15 Wil

aza18 BCYE without Cysteine Supplement A28 Sterile solvent U3u1615
10 fadans andudvadluvin BOYE agar finunsendouda
g1 B80T oway BCYE without Cysteine Supplement Tofidn i
Mntumuislusuemsiasade dmsuldiu

3.2.5.4 Tryptic Soy Agar (TSA)

duUsznay

- Pancreatic Digest of Casein 15 nfu
- Papaic Digest of Soybean 5 N3y
- Sodium Chloride 5 n3u

Agar 15 nfu
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- 1nay 1,000 Haadns
I UNDUNTHA T

- faomnsidsade 40 nfu avansduusenouTivnelutngy 1,000 Hagans
- Tanudeusuemisiasadeasaafuiomaiu uwidduiavionasnny
Usumsiigoansldan
- ntnhlusniese autoclave 7 121 ssrnwalva vy 15 Wil
3.2.5.5 Tryptic Soy Broth (TSB)

dulsznou

- Pancreatic Digest of Casein 17 nsu

- Papaic Digest of Soybean 3 nsu

- Dextrose 25 0y

- Sodium Chloride 5 nju

- Dipotassium Phosphate 25 niu

- dhndu 1,000 Hagans
SunaunsieIe

_ faomnsidsade 30 ndu avansduusznousivnalutingy 1,000 Hagans
- anudeusuemisiasadeasaafuiomeniu widduavionasnny
U3umsiigosnsldau
- ntnhlusniese autoclave 71 121 ssrnwailoa vy 15 Wil
3.2.5.6 Plate Count Agar (PCA)

dulsznou

- Pancreatic Digest of Casein 5 nju

- Yeast Extract 25 sy

- Dextrose 1 sy

- Agar 15 n3u

- dhndu 1,000 Hagans
FupounsLeRLL

_ dewnsidsade 235 nfu azatwdiuuszneunanualutiindy 1,000
Uadans
- Wanufouauemsidsateazare ooty wddvamuusunnsi
fioan1sluanu
_ ntauhlusiidose autoclave @ 121 ssrwaldoa wu 15 Wi
3.2.5.7 @1sazareunwes (buffered water)
drulsznau

1) phosphate buffer stock solution
- Potassium dihydrogen phosphate (KH2POx4) 34 N3y
- WINAU 1,000 Haaans
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1 KH.POs 38 3 avanelutindu 500 Jadans USu pH 7.2¢0.5 Tneld 1 N

NaOH wazuSuusumsidu 1,000 Jadans

2) magnesium chloride stock solution

- magnesium chloride (MgCl, %39 MgCl,.6H,0) 38 %39 81.1 n3u

- dhndu 1,000 Hadans

43 magnesium chloride mudnaIn avansluhnduusunas 1,000 fiadans

FupouNTLASEL

-ULUn phosphate buffer stock solution USN105 1.25 iadans way
magnesium chloride stock solution Y3u1%5 0.5 faddnsacludinguy
1,000 {addng

- Uy pH Wegluang 7.2+0.1

- wisldvaeniSevinnuusuasiigosnislde

- pnthniildgidedhe autoclave @ 121 ssrnwaidod wu 15 undi

3.3 guﬂaumsm'mmt%a Legionella spp. wﬁﬂﬁaaﬂﬁﬁami
NsNAEDULEATIMLT Legionella spp. Tudhegrah ddunounsvadeusai
3.3.1 msvhlddregraduduiu (Sample concentration)

Hutumeunsinseuiiegamagey telvieogedlmiududuniniy wmanzaudndy

ilunagoulutuneun1Insaniide Legionella spp. #e3simsiasate uayds Real-

time PCR siold TnglunsAnuiadeidvinnis concentrate a8 1982838150509k uAY

n389 (Membrane filtration) Fsilduneusisil

1) 1heg1eUsuIng 250 1a8a0T NTRIULAUNTEY YuAgnTY 0.2 lulasiuns

2) Yudunsosiiniunisnsesimiuiuidng was resuspend fredsazateSrinos
Usuns 5 Uadans

3) 111U Vortex Uszanm 15 wit ilevzlidengaeanainuiunses Iidusededd
mudutuiimedmiuilunndeusesiedtmiziasade uayds Real-time PCR

AN 8 TURBUNITVINLIAFBE1INTUTY AI83TN190589 (Membrane filtration)
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3.3.2 NMSASAANNYD Legionella spp. A8 NZLEBTD
1) %1A15 Inoculate AI0819MKHIUATS Concentrate 38735 Membrane filtration USu#1S
100 lulAsdns asuuemsideate GVPC plate

2) spread plate T¥@9819na8MIHINTID1

A 9 %umaumuwm%a’tﬁu’%awé Ingldmatia Spread plate

3) ﬁwmmuﬁymﬁalﬂﬁmﬁqmmﬁ 35 perwadod Wuwnan 3-10 Tu

8) raulalavvoadouuafiSeildnvaznay s Fu11-mIAsT UL U IMSEE S
\Fo GVPC wavidlethlgondunsunudnvae gram negative rod lifinlalaiifangnn
Timnzidereluemisiaoade BOYE Addrulsenautes L-cysteine (BCYE) uwas
BCYE filufldauussnaunes Lcysteine (BCYE-cys) iialUisuiiiaunisiasyueade
thludufigaumadl 35 esmwaldea unan 2-5 Ju

5) nsdldeanusadaldanizluemsidsaie BOYE fifidruusznauaes Lcysteine
winihy Iuiinualdiy Detected (Uil Legionella spp.) uimnidewasamsolieiay
vuesAsuteis 2 9iin Wiufinnadu Not Detected (liwuilie Legionella spp.)

it 10 dnvarlalafiveatio Legionella spp. iduuw plate GVPC agar (A)
nHuUlUzlaese (re-streak) YWD SR LD BCYE (B) ag BCYE-cys (C)
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3.3.3 msmqamtﬁa Legionella spp. #2875 Real-time PCR
1) 1h#e817K1un"s Concentrate #1838 Membrane filtration Y3115 200 lulaséns
wain DNA Tngldathenafnansitugnssudmiunuaiide (GenUP™ Bacteria gDNA
Kit, Berlin, Germany) yimudunausiiag auitseylugnar

At 11 Sureunsataansiugnssulagldaninenatnanstusnasy GenUP™ Bacteria gDNA Kit
2) DNA fiafinld iluasaamansiugnssude Legionella #1835 Real-time PCR viie
\Ruilgumadl - 20 ssrwaldeadmiusenisnnaousie
3) wisuauUsEneuresUfATen PCR (master mix) aslumasn PCR FaU3umsitld wang
Famnsnedl 2

aaa

A15799 2 wansdulsenauufisen PCR (Master Mix) dwsu 1 fasgramaaeu (Reaction)

dauusenau/ 1 reaction

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

1) vwasn PCR flussgdiulszneundnvestjiten PCR dadeafiuuiuiaans
#{ugnssu (Real-time PCR) 8% o Analytik Jena 3u qTOWER3 Tngl4 DNA voaide
Legionella pneumophila \JufiAIuANNauIn wag nuclease-free water W uM"
AIVANHAAY laganizvesUisen PCR Farnannnsd 3
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A15199 3 andzvelisendmsunisiiudIunaasiusnIsuveule Legionella spp.

JURDU QaUNQd 1281 IUIUTOU
Enzyme activation 95 DaFLYaLTYE 2 Wil 1 59U
Denaturation 95 paFTaLTYE 10 Juii
: : . S 50 50U
Annealing and extension * 60 DIALYDLYEE 60 U

* JudumeuniinsiivdoyansiSowuaasasiseawantmung fe FAM

AN 12 TURBUNITLATEN master mix ka¥NIIAIAIAN1IEYDIUGNTEN
dmsunsiiaUSunaEsRUENIINYeRRe Legionella spp.
5) MsuUananIInaaey

5.1) fAUNTLUANANIINAAD UMD 19ABIATIVABUAINITAIVANANAINAITNAZBY
ynass dail
- §999d0USN AL curve 103 real time plot 148U curve fifidnwuzUnf
(S curve: Typical curve)

Typical curve | —e——— P

AN 13 dnwzvssnsidanwazUni (S curve: Typical curve)
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- Positive control fiaal#ian Ct value aaﬂmmﬁﬁ’mum (E]EJM“ZI"N 16 919 23)

- Negative control 14 Nuclease free water Hu Negative control Vlﬂﬂ'%lﬂumi
U381 PCR Aas@ianaalaifiAn Ct values

Intensity [1)]

Positive control

Negative control

10000 A
7500 - Positive control \
5000 :
i I S §
Negative control s ant
o
=
b q .
2500 > s
" .’
»
g
0 “W‘m saas
T T T T T T T T
s 10 s 20 3 » 35 s =
Cycles [n]

(=

AT 14 Fnwezve9ns N Positive control kag Negative control

(A) Aa raw data (B) A calculate Ct

- Internal control Td@m5UNTI9@0UANNINVRITUNBUNTARAAITHUTNTIUAN

fogns uay ﬂ?iLﬂ@UQﬂiEJ'] ampllﬁcatlon %QINﬂWiW@ﬂ@‘UW@QLLﬁ@QﬂW Ct vm3

Internal control Litefusuinduneunisatouaz n1siAYNsen amplification
Juldegauysal

- Duplication Uusieg1991191n111591197 Inesingredetios 10% vo9iiae9

wiazyanvedey Fadedlinanisnaaeumileuiudiegiuseniiu

N3AINIIAIUANANN N LIRNUABIINTAMALAZ LA LYIUAINITAIUANATININ

Hudsanunsaulananisvaaauls

5.2) MIWUaNaNITNAFO UL

ANSDIUNAIINATINANUAUNUS TLUININUIUTDUN S LUNISIRLUSU UES

WUFNITUIUAU509599T0bA (Cycles) wasUTuanas Fluorescence M105393nta

i Y 1 = Ly & . 1 [ [
anlusiegnalansWugnssuvesde Legionella spp. 8¢ Azkandanvaznswilu

S-curve dnbiflaznansdnwazndudunses Ingarnnsinaiusasieaulady
AN Ct §9A1 Ct AD 91UIUTBUNLYLUNSANUSU DNA LW%Ue audIsEaun
LA584 PCR @11150052970 19 N1591891UNaNAZaUAIUNISAINNT NN 4

A15197 4 N1sularaN1IVAADU lneNaNTANINAT Ct LAZAINIIAIUANAMAIN

Target Internal Positive Negative nskUaNg
control control control
< 30 +/ - + - wuie (Detect)
> 30 + + - wuile (Detect)
> 30 - + - wuile (Detect)
- + + - lanwuide (Not detect)
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10000
A

7500
= Not detect
g 5000 Detect
g \

2500 4

0 —— == -
T T T T T T T T T
5 10 15 20 25 30 35 40 45 S0
Cycles [n]
100:] e B
75
Detect

e
& 50 —— B

o Not detect

1]

T T T T T T T T T
5 10 15 20 25 EY 35 0 45 50
Cyde

A1 15 dnwalznsINvesiagainulie (Detect) warlinuiwe (Not detect)

(A) @@ raw data (B) A® calculate Ct

3.4 %’umaumsmwaaumwgﬂé\'awaﬁ% 13 1SO 16140-2 : 2016 - Protocol for the
validation of alternative (proprietary) methods against a reference method
Usznousien1sine 3 dau il
3.4.1 Msanw1n1Ula (Sensitivity)

Jumsdnwiuieuiisunanismageuseningisensdalagismadenindameaula
(sensitivity) fiwansafundold sudunseel
3.4.1.1 NMIAALEBNNENATDE1NATU/INUIUAIBENY
1) nguieg1a fogaiigidedniunisfine fe nquiegiai (categories)
Usznaumedegne 3 Useiam (types) laun
- gheghahniintheiuth
- gheghahenienth
- fhegantwlseduainng
Tnethiogusiazdsnmumegeuid ssfiuiiiensianide Legionella spp.
waldnuide vlwldarunsanidesrefivuiliouqgdunidaussaudld
(naturally contaminated samples) Tuadtendiilsdddusegeiifinng
Hauouny (artificially contaminated samples)
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2) TUMeg1e Tun1svadeuMngeisazUssan (types) n1maasu
Uszianay 20 faegs 52U 60 Feeia
3.4.1.2 mawssaiesliluiioudeqaunad (artificially contaminated
samples) 1aa35 Spiking d1msun1snagdaundula (Sensitivity)
1) Mswlsumegnamadau Tun1sane1mnula (Sensitivity) fapgnanadauliay

Usenn deanudadiuveanauln (fractional positive result) agluyas 25-
75% wpadnogausazssiny Fhogrefineasuldmslinauinimun viena
aunun) Usuinsvesiiet1eiild fie 250 Hadansse test portion lae
SUUF0E 1 TIfRSEN LAAIRIINTINT 5
A15197 5 wanaUssnnFiegne s1urufiege uazUsunadediniuiinly
Mg dmsunisineiniul (Sensitivity)

UssLnneaegng F1UIUADEY Vinaudefihu Fafiiu

thaniinthetuth 5 Lhdude (0 cfu/ml) L. pneumophila
5 i (102 cfu/ml) (DMST 12800)
5 nans (10* cfu/ml)
5 e (10° cfu/ml)

vhanfenth 5 Lhdinde (0 cfu/ml) L. pneumophila
5 i (102 cfu/ml) (DMST 12800)
5 na1e (10% cfu/ml)
5 ge (10° cfu/m)

13’1@33(51%@’1@'13 5 Lidnde (0 cfu/ml) L. pneumophila
5 i (102 cfu/ml) (DMST 12800)
5 na1e (10% cfu/ml)
5 g4 (10° cfu/ml)

2) MawBadeqAurEesnsBanasy

2.1) e L. pneumophila (DMST 12800) 310 stock culture LIHNZLIAE
Uummil,gw,%a buffered charcoal yeast extract agar (BCYE agar) i
fd1muUsznouves Lcysteine Yluvufigungdll 35 +1 ssawafea
Junan 3-7 Ju

2.2) dilelaiiide L.pneumophila axany (resuspened) Tuansazang Unines
Tngusummeuliifisusiniu McFarland Standard No.0.5 #aagdiido
Uszanas 1.5 x 10° cfu/ml

2.3) M5 389108 8UUU serial 10-fold dilution #reasazareSriWes
quisseiupnududy 102 cfu/ml fannd 16
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2.0) i sfuUsinandeluransiiens fewmeadia spread plate vt
\Feile BCYE agar ﬁmﬁqmmﬁ 35 +1 pswaea Wunan 3-7 Tu

2.5) Fusrurulaladuy BCYE agar plate 981510 U300 T 0 9d U239
(cfu/ml) Thiuadlusietmageu

1 — 1

10-fold dilution
eg. 1 mlin 9 ml

diluent

\V U \J

Culture resuspened 10 dilution 10 dilution 10 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 v a v Y o U =2

MW 16 M3FeNUTeRUMTINBWIRY dmiufnuauly (Sensitivity)

3) Maiuagauvsdanddluiiagimaday (Spike sample)
a £y} 1 [<3 1 (9 dy
wlguieg 1l 3 ngu eadl
2.1) NMSWS8UAIDEINUNNENTIIULN T19uUR 20 FIp819 Usenaumie

_ fhethathanilntheut Ysuns 250 §adans $110u 5 990
laldanis (0 cfu/ml)

- fhethathainilntheuth Ysunns 250 §adans $1uau 5 990
Fandeszaum (1.5x102 cfu/ml) 9anas 1 fadans

_ fhetresihanilnthetuth Usuans 250 fadans 1o 5 va
dudesziunans (1.5x10° cfu/ml) vinas 1 Jadans

_ fhethahainiintheiuth Ysues 250 daaans $1u9u 5 290
Fandeszauas (1.5x10° cfu/ml) vanas 1 Hadans

3.2) mMswlpuetiaihanfontn wanue 20 dedns Ussneusie

_ fhetesihanfeonth Usinas 250 Sadans S1uau 5 99n
LiRude (0 cfu/ml)

_ fheteihanfonth Usinas 250 §adans S1uau 5 99n
dudeszum (1.5x102 cfu/ml) anay 1 fadans

_ fhethahainfent Usums 250 fiadans s1uau 5 vn
Fudesziunans (1.5x10° cfu/ml) vinas 1 Jadans

_ fhethathainfenth Usums 250 fadans S1uaw 5 v
Fandeszauas (1.5x10° cfu/ml) vanas 1 Hadans
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3.3) ﬂwsm%'smﬁaasﬁmﬁwﬂszﬁumms wavm 20 foeha Usenoudie

- ﬁaasmﬁmﬂizé’umms UTu1As 250 dadans 13U 5 1n
laiifisnide (0 cfu/ml)

- fhoghaimuseAuenans Usuns 250 fadans S 5 190
Wdoszstush (1.5x107 cfu/ml) 1inae 1 fadans

- fhoghaimuseAuenans Usuns 250 fadans S 5 190
Wudoszdunans (1.5x10° cfu/ml) 1anay 1 faddns

- ﬁaaﬂﬂaﬁwwﬂﬁué’umms U3uns 250 daddns 91uu 5 v

a aa

Fldessuas (1.5x10° cfu/ml) vinay 1 Haaans

laifande \ANLT D WAL WAL
1.5x10% cfu/ml 1.5x10% cfu/ml 1.5x10° cfu/ml

11 ml llml 11 ml

R 4 ¢
3 A B »,
b %

X 5 41 X 5 4 X 5 41 X 5 ¢

AN 17 NSLHTBUAIDENNLANLTD (Spike sample) dusuAnwaiiula (Sensitivity)

3.4.1.3 SuRBUNINAABY
dawmssuiogrslundazUssianGeudesuds v lunageuiiionsianiide
Legionella spp. $e3fmnziasade uayds Real-time PCR muide 3.3
3.4.1.4 nsulanan1snagau
1) thuansmegeuanie 2 38 Tameiasado wayds Real-time PCR 31
AL AT Sensitivity 189959194890 (SEay), Sensitivity 1897591984
(SE.f), Relative trueness (RT), False positive ratio 98335%14180n (FPR)
2) wlanansnadeuTaIunaziieg1s Finnsil 6
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i asd Yy a aa &
M13799 6 NTLUANANISNAABUINNIATBIIDILATITNILEDN

Wnegeu 381989 GRmnziAsade) + | 158198 GRnzidoaie) -
Bn191d9n (Real-time PCR) + +/ + (PA) -/ + (PD)
811494890 (Real-time PCR) - +/ - (ND) -/ - (NA)

NUBLH
 Positive Agreement (PA)  Ae  fogaitlinauininiamadon (+) uasisensds (+)
~ Negative Deviation (ND)  #le  fhegiilinaauseisnaden ()

- Positive Deviation (PD)

- Negative Agreement (NA)

LA ANAUINAILIT D199 (+)

LA LANAAUAIEIT D19 (=)

Ao fregenlyiNauINAedITNILden (+)

a

& 'Y ' e v & aa & Ny a
A FRYNNIINAAUNIIONINEDN () WarI5e19D9 ()

3) Mndeyaazunisulananmageulunnig dideyauimuwinmeseluil

- Sensitivity U993591984 (SEref)

- False positive ratio (FPR) 989359191800

Sensitivity 109357191880 (SEa)

Relative trueness (RT) =

- 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
__jﬁi__ X 100
PA+PD
NA X 100

NA+ND
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4) ARAUNANITNAFDUVBIIONIUEDN IMUAIUIUAITNLANAIITEWIN (ND-PD)
LAEAILIUNATINYE (ND+PD) udrharfiduald lunsivaeuiteglurae
Y93UATNAN1580U5U (Acceptability Limit; AL) #3aldl ninwan1sAuIveg
Tug293n9AANSERUSU LEATINITAaRNHIULNMIINITEBNSY
A99d 7 MIdnduNansuadeuvesinIaden

NNIUNAUAIBENS (ND - PD) (ND + PD)
(categories)
1 3 6
UYL

ND = "\‘l’ﬁmuﬁ’saﬁi’mmﬁma Negative Deviation
(WinaaumeIsmaden wilinauinaieIsunsgiw)

PD = $1unushedaiilvina Positive Deviation
(WinauineTanmnadion wilinaauaigiauInsgIu)

3.4.2 nsANEIAIAIgANaIu15an529n UL (relative level of detection: RLOD) 1y
nMsanwileUssiussdunmsiudouveade Legionella spp. 7135 Real-time PCR was
Fimzidsado amnsonsranuld (level of detection; LOD) wagdunaududn Relative
level of detection (RLOD)
3.4.2.1 MSAALABNNGNATDE1NAFBU/ITUIUARIDEY

1) ngueens dmfumsanuamgaiianunsaasanuld (RLOD) feesitltas
fAndenanndetnaiios 1 Uszian lnedog g idoidendniumsiinm e
fhetsthussinmiiniintaeui Welddusunuesnguotimaaoy
Tnelumuisoadedld dudodeiidnisiude (artificially contaminated
samples)

2) $1nusegns Tumsvegeudiesimadinie 3 sefu 593 30 Faegh

3.4.22 n1sm3sudaesneldvuiiouidegdunid (artificially contaminated
samples) 1ag35 Spiking @1%3UN15%1A1 RLOD

1) masuiegrmagey TunsAnwadgafiannsonsaanuld (RLOD) 14

fegeiiiiude >3 FEAU azvanedn fail
- sydudt 1 lliAude (negative control level) nadausdnatios 5 81 (Fos
Ldnuwauin mnnunawln sewinismeaeulva ynsedu)
- sydudl 2 dudeseuni (low level Fufuseduiilinauan (fractional
recovery) 314U 25-75% YassuuFIeg L Tnanedausdisties
20
- el 3 AndeseAugetu (higher level) Baluusunaiiunninszdus
\Entios naevagates 5 90
U3unsveeiaegafild fe 250 faddnssie test portion Ingdruiuaagnef

14 a g d‘
ARUATYU LLAAININITIN 8
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A5199 8 LARMIUSLLANFIBENT 1UIUARENY warUSuantadinsuiuludiagng
o U = 1 O‘ d‘ v
dmsumsfinwAdngananuisansaanula (RLOD)

USTANA9ENe | STAUNISLAY 31U Usinaudetihu Faiiu
e f29819
dhaniinthonui | ldidude 5 (0 cfu/ml) L. pneumophila
\Tosusum 20 (10'- 10? cfu/ml) | (DMST 12800)
(low level)
dosrugedu 5 (10> - 10* cfu/ml)
(higher level)

2) MIWEHUARIAUNIII9BIIAY

2.1) B L. pneumophila (DMST 12800) a1n stock culture LN
Uummilﬁawﬁa buffered charcoal yeast extract agar (BCYE agar) 7ifi
duUszneuves L-cysteine thluvnfigumgil 35 +1 ssrnwaidea 1Ju
na 3-7

2.2) thinlailife L. pneumophila azane (resuspened) luansazaneties
Tneu¥uarugulifisuwinfu McFarland Standard No.0.5 @saxilite
Uszanas 1.5 x 10° cfu/ml

2.3) $n 15130919 Teu U serial 10-fold dilution #reasazars e’
quisseiupnududu 10t cfu/ml fannd 18

2.4) ¥amstuUsinandelutiinisidenns demaia spread plate UUDIM1T
\Aaide BCYE agar Unflgaumndl 35 +1 samueaidua unan 3-7 Yu

2.5) ffusauaulaladuu BCYE agar plate 9xn51uUSu e i o fefuase
(cfu/ml) Aduadluietmagay

10-fold dilution
eg. 1 mlin9 ml

diluent

Culture resuspened
McFarland Standard No.0.5
1.5x108 cfu/ml

\V

107 dilution
Expected 1.5x10° cfu/ml

\

10 dilution
Expected 1.5x10° cfu/ml

\

107 dilution
Expected 1.5x10" cfu/ml

a a & a Ay a O v ° U ¢ e a 1Y)
AN 18 mil,ﬁ]aﬁmL%aﬁ;aumamqaqmmu ?ﬁWﬁ‘Uﬂﬂ‘l&ﬂﬂ']@l']?qlﬂ‘l/]ﬁ?ll']iﬂi‘]i’.l’i]WUiﬂ
(relative level of detection: RLOD)
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3) nsfiuiiayauvsdaneddludiatimaaay (Spike sample)

[

WSHUAIDENS AIU

3.1) M9MFEUFIBE9UIANNENTIDIULN T9UUA 30 881 Usenaume
- freg1tannidnvieiuin USunns 250 aaans WU 5 190
lal@ia (0 cfu/ml)

- freg1atanndavieiuin USunng 250 aaans 31U 20 190

5
WUBSEAUA (101 - 102 cfu/ml) vInay 1 Jadans

[J

- mey19nnEnTI U USUIns 250 Hadans 91U 5 230

a a

WL BsEAUATUY (10° - 10* cfu/ml) vInay 1 Haaans

ISR WAL DTEAUNN WLLesEAUg
10%-10? cfu/ml 10%-10% cfu/ml

11 ml llml

X 20 ‘E?’]

AN 19 Mseiseaiieg 19FLLYe (Spike sample) dmsufinwiAianfiaunsansianule

(relative level of detection: RLOD)

3.4.2.3 YUNBUNITNAFDU

Walmssudeg1assuiosua thlunadeuiionsianiiie Legionella spp. Ay
W8T wazds Real-time PCR lngaiun1snu 19 3.3

3.4.2.4 N1sUANANTITNAE DU

- Asmkaznskuananl RLOD

1) RLOD #131894 9R51d714581319A1 LOD 19935M19ka0n (35 Real-time PCR)

LarA1 LOD 9993591989 (ASNzLasaia)
RLOD = LODai
I—ODref
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2) dmsuunazngufiegne (category) A1 RLOD 3gUszualugivas
complementary-log-log (CLL) model Aruraulglusinsy Excel RLOD
calculation program

3) A1 RLOD fidnnalldifleurudnsidnniseensu Acceptability Limit (AL)
WA AL fvual3d 1.5 wuned a1 LOD sedsnadenvzdadliiu 1.5
WiwesA LOD vaisenede uaziliufivanusu winen LOD weddzmadensi
e LOD 9833881999 inseiiumineis Samadenilenansianuideld
TussdunmsUudeuimninisensds

3.4.3 NMSANYIANINNIE (specificity)
Hunrsinwiitelimsuiseuanunsavedismadenlunisasianui@ortmune (Target
microorganism) LL@%G}?WMWULgﬁy@ﬁiﬂﬂ%’alﬂ’muw (Non-target microorganism)
3.4.3.1 NMIARLRBNNEGUABENMATDU/IUIUADENS
AsAnEIATIS g (specificity) vedisnaaaunssil anaseulngldidouuniise
wiarnen fnuldluthaindauanden S1uam 8 aestus Ussneudne Legionella
pneumophila, Escherichia coli, Klebsiella pneumoniae, Klebsiella
aerogenes, Staphylococcus aureus, Staphylococcus epidermidis,
Pseudomonas aeruginosa Wa¢ Salmonella Typhimurium

3.4.3.2 mim%am%aqﬁw%é d1usufneIAmINNIE (specificity)
1) msaisudegdunissdededudinsuifuidotiinuie (Target

microorganism)

1.1) W1 o L. pneumophila (DMST 12800) a1n stock culture UNNIZRE S
Uua’lmiL?:ENL%’a buffered charcoal yeast extract agar (BCYE agar) it
AuUsEneuves L-cysteine thluunflgumad 35 +1 ssawaidoa 1Ty
1381 3-7 U

1.2) thialailide L pneumophila avane (resuspened) luansazanedios
Tneufuarugulifisuvinfu Mcrarland Standard No.0.5 Gsaziiite
Uszanaw 1.5 x 108 cfu/ml

1.3) #1n13130970@ 0w Uy serial 10-fold dilution #reansazraratwinles
quissziuanudadu 102 cfu/ml (WSinandedmduldem fo Uszuna
1.5 x 102 cfu/ml) fanmdl 20

1.4) hmstudiunandeluramisideas semaila spread plate LM
st BOYE agar Unflonmindl 35 +1 ssrigaidea Wunan 3-7 Yu

1.5) ushulaladiuu BCYE agar plate ns1udSanandoseduass (cfu/ml)
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10-fold dilution
eg. 1mlin9 ml
diluent

\ \V \

Culture resuspened 10 dilution 10* dilution 10° dilution
McFarland Standard No.0.5 Expected 1.5x10° cfu/ml Expected 1.5x10% cfu/ml Expected 1.5x10? cfu/ml
1.5x108 cfu/ml

2N 20 N51T9319T8 L. pneumophila dmsuAnwAuINNE (specificity)

o
1% v [y )

2) mMawssadunige1sdsnnudmsuduaienlildd g (Non-target

microorganism)

s

2.1) Wedusdondmlddwsunageunnnuding 91w 7 aneiiug

3

o =
LEAIAINITIN 9

a & a Ny a dgvo o °
MN19719% 9 Lsﬂaﬁ!aUW3897Q@QW1%37V§UW@a@‘Uﬂ')']llﬁ]']L‘W']g

QARG SRNGR) sadioedwn3s | Uuide
AN WNIE | 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) didenaaeuaruatswusd1ediu 990 stock culture ¥ streak agUw
81%195 Tryptic Soy Agar (TSA) ﬂmﬁqmmq:ﬁ 35+1 °C Wulian 2442
T

2.3) Benlalaiiiedildumzidesasly Tryptic Soy Broth (TSB) 10 dadans
Judefigumnd 351 °C Hunan 24+2 Falus

2.4) ﬁﬂﬂ'ﬁﬁ@ﬁ]’]«%@LLUU serial 10-fold dilution fsarsazarsdulines (??qt,wi
10" quis 107



-41-

2.5) ¥in1stiuusunandeluraaniside s drowmade pour plate Tua1uns
Aoaie Plate Count Agar (PCA) P lUNT 35+1°C 1Jwaan 242
lug fannd 21

2.6) thusulalaivy PCA avnsuUSunantesadu (cfu/ml)

2.7) ¥nsieanalionuy serial 10-fold dilution @reansazaneSmead Tild
L%aasﬂuisﬁ’uﬁéfmmi Ao 10% cfu/ml

10-fold dilution

eg. 1 mlin 9 ml

diluent

Y \V \V

Overnight culture 107 dilution 107 dilution 107 dilution

USinantdomadiy -
3 x 10° cfu/ml
& Y

d' A dy a a a Ql' [ ldy o [ 1 o ofe e
AN 21 N1ILIBINLYDYAUNT o999 ldlawolmuny dmsuAneanudunig (speC|ﬂC|ty)

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

3.4.3.3 YUABUNIINAEDU
WPFUVTIUINTFIUY AUUSHIUTAIAN TN AFUMETTINIZEE 1D |agdD
Real-time PCR Tngaiiun1sau 19 3.3.2 uag 3.3.3

3.4.3.4 msulanan1snaaau
& . . Yy aad & A
Wwoitlmane (Target microorganism) @1m150ATaNUlAMIEBANAAOU UaziTod
lailaweitmuneg (Non-target microorganism) feansialidnualeIsanga
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3.5 MIUTEIUANEDAAADIIERIN9I0 Lneldann kappa analysis

3.5.1 MIAALABNNFNADE1MATIU/INUIUATBES
1) NauA8819 d115UN1TUILINUAIINEDAAADITE NI4T0 Real-time PCR Lagis
Wziente feg1aiildifuiiedieinfidinsianiiie Legionella spp. N4
#e9UfjURN5 (naturally contaminated samples) wazfeg19fiiuge (artificially
contaminated samples) 88198 35 19879 9I1UIUTIN 70 FDEN
3.5.2 msm'%ftméha&hﬂﬁﬂuL"ﬁautﬁaqaum’%é (artificially contaminated samples) 1n87%
Spiking d1m5uUsEiiunNdnAdDY
1) mawSaufiagmeaay 19ieg ey 311U 2 Yn ol

- qafl 1 fogafidmsramsiesjiintg TneldiRude S1uau 35 fogns

- il 2 dhegfidmmamaviosfifinig Teedude Sau 35 foens
USunsvessegeiild fie 250 faddnsee test portion Tnes1uiusegfidenioy
LAnIRInNTI97 10
a5197 10 Ussiandnegne S1uauinegne wasUSinandedmiuduluinegne dmsunis
UszUAUEDAARDITZTNINTG

¥ail | Usziamdaegng U Sinudaiiia Waiiiu
f79814
1| fhedaildiiude 35 0 cfu/ml L. pneumophila
2 | fhegnliunde 35 102- 10° cfu/ml | (DMST 12800)

2) MawsuidorAunisiedeuiu

2.1) e L. pneumophila (DMST 12800) 210 stock culture LN B IUUDTS
Aoade buffered charcoal yeast extract agar (BCYE agar) fifldnlsznoures
L-cysteine WlUuniignmgdl 35 +1 ssmwaidoa 1unan 3-7 Yu

2.2) thlalafiide Lpneumophila avane (resuspened) luansazanetrlwles Tneusu
aratulifleusindy McFarland Standard No.0.5 Ssagilideuszanm 1.5 x 10°
cfu/ml

2.3) FM3eaToUUU serial 10-fold dilution FreasavaneTines audesze
Ay 10 cfu/ml fannd 22

2.0) smstuddnadelutismsiiess femeia spread plate vuesEsute
BCYE agar Unilgaumgdl 35 +1 asrniwaidoa 1unan 3-7 3u

2.5) Tushuaulalaiiuy BCYE agar plate asnstuuSinantesduass (cfu/ml) 7iu
asludegaeaaeu
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10-fold dilution

eg. 1mlin9 ml

diluent

Y Y \

Culture resuspened 10" dilution 107 dilution 10° dilution

McFarland Standard No.0.5 Expected 1.5x10% cfu/ml Expected 1.5x10° cfu/ml Expected 1.5x10% cfu/ml
1.5x108 cfu/ml

[%
v vV o

ANA 22 N30 AUNTTT9BIRIRY FMTUNITUTELUAIUARAARDITENINTD

v

3) mMadsgaldunide1sdduiat1magay (Spike sample)
LW3UNFI0LN9 ALl

1% '
a

3.1) Wieg1efidmsIamaiesufuRinis wuadu 2 g Usznousie
- il 1 fegeitlaifunde Uuns 250 fiaddns $1uam 35 1a
- il 2 fhogefifude Using 250 Sadans $1uau 35 10

3.2) WudefiwFeuliluegneieei 2 laeidiudosedu 107 - 10° cfu/ml) vInas
1 dadang

f108197 A0819NLALLTYD
TaliRunie (10%- 10° cfu)

11 ml

b
)

P
-

A

X 35 A9814 X 35 §79874

a =) U 1 A a dy . o (% a 1% 1 ada
AN 23 NFLATUUNIDYNINLAULYD (Splke sample) ANNIUNTUTLLU UANUADAARDITETIINGID
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3.4.2.5 YUABUNSNATEU
dewseusetedouiesuds tlunedeuriiensiamide Legionella spp. #3e
FRnzide o uards Realtime PCR Tnosuiunisny 4o 3.3
3.4.2.6 nMsulaNan1Agaay
tuanseaaeuiild udunanisads
- AUIAORIIdIU Kappa

Kappa = P, - Pe
]. - Pe

108 P AID HATILVDINANAGDUNATIAUIINATNAGDU
Po = (PA + NA) /N
P. o nasauvesmNtazidunasaiuanAIanis (Expected)

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

- MIWUAANUNNEVRIAIEDR Kappa NIAWNlANITafImnsen 11

A19199 11 NsuUananuNaenAand (Strange of agreement) Ya3IANARDA kappa

AE0R kappa YUAMILEDAAADY (Strange of agreement)
<0.00 ug (Poor)
0.00 - 0.20 oy (Slight)
0.21 - 0.40 wald (Fair)
0.41 - 0.60 U1unans (Moderate)
0.61 - 0.80 A (Sub Stantial)
0.81 - 1.00 fxnn/Feudeauysal (Almost Perfected)
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uni 4
NAN1SANEN

4.1 WAN1INTIVEHIUANYNABIVAIIS AW SO 16140-2

NNTANWNUTULNBUTENINGIG Real-time PCR (38n19188n: Alternative method) AU75

IWzLAsLTe (3381984 Reference method) manisanwwdady 3 du ol

4.1.1 wan1sanwa1ula (Sensitivity)

unisanwiie3suifisunanisnadou seninddsmiziasatie wayis Real -

time PCR d1ilenannula (sensitivity) funnsinsduvielal vinmsnaaeulunguéiegia
Tnedendunuanndegnath 3 Useiam Tdud fetrahainilntheiuih, segreiann
ﬁ"aﬂﬁﬁ, ﬁaaﬂwamﬂﬁmﬂizﬁumms Usznmay 20 dheens wazldidufedafidnsay
o (artificially contaminated samples) fflunisnadeuniutusew/an1efissylily
Fumauni1snsIm e Legionella spp. MBIV URANIT NANITNAFOUVBIAIDE
WAz UsTLANLENIR IS I9Tl 12, 13 uay 14

15197 12 wan1snAdaukaznIsklanavaIna819u19nEnU291uUn

Vsinaudofiia NANIINAEIY n1swlana
(cfu/Test portion) SBwnziAsade 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 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 Han1sadaunazn1silanavasnlegnsdianiianin

Vinandeiihu NANITNAFHDU nsuUana

(cfu/Test portion) 3§LW'13L§ENL%’8 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
Gl’]fﬂ\‘l‘ﬁ 14 wamimaa'uu,azmsu,ﬂawamaaﬁaaejqaﬁ'\mnﬁmﬂizﬁummi

Usnaudiofiia NANIINAEIY n1sudana

(cfu/Test portion) BwmnziAsade 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 Not detect Not detect NA

Not detect Not detect NA

Detect Detect PA

Not detect Detect PD

Detect Detect PA
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Viinaudlofiia NANIINAEIY n1swlana
(cfu/Test portion) 3§LW'13L§ENL%’8 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

a7Unan1siUIeuLiigun1snsIanLiie Legionella spp. MeamnzLag e waz3s Real-

time PCR Tuf1981911 97175 60 A19879 WarAIUIUMIAT Sensitivity Y0935 Real-time PCR

(SEaw), Sensitivity U89351 018188 1L¥0 (SEer), ATAI1UQNABA (Relative trueness), False positive

ratio ¥9475 Real-time PCR (FPR), A1vinunauauan (Positive predictive value : PPV) Lagavinungy

naau (Negative predictive value : NPV) wanasian1351a7 15

A13197 15 agunanisnwinnula (Sensitivity)

Method 79 Real-time PCR
SEai SEref RT FPR PPV NPV
NAUIN | Waau
Wzldes | wavIn | PA=38 | ND =0
x 100% | 97.44% | 98.33% | 4.76% | 97.44% | 100%
YD HNaaU PD=1 |NA=21
PANBNIITVIAABUNUINEAIAIM LY (Sensitivity) 98435 Real-time PCR (SE.) $owaz 100,

A1AL3 (Sensitivity) U8435WN18188 90 (SEer) S08AY 97.44, A1ANUYNADIFUNNG (Relative

trueness) Sp8 Ay 98.33 A1 False positive ratio Y9935 Real-time PCR (FPR) Sa8ay 4.76,

A1YIUNENAUIN (Positive predictive value : PPV) $o8ay 97.44 wazaA1vinuiunaay (Negative
predictive value : NPV) $a8az 100
WOATUIUAIAINLLANATINTENINS (ND-PD) hazAIuIainasiuved (ND+PD) filaannnis

negeu UlUiisuiudisveslnininniseensy (Acceptability Limit; AL) WUIIRaNISNAdRUDE

Tug19w098 AN AN1SEDUSU WEAII1ID Real-time PCR fiA1Aaula (sensitivity) liunnmnaa1nis

g & o N
PANSLAYLYD WEAIANANITINN 16

A15197 16 Tasiianiseensu (Acceptability Limit; AL) vean1sansanly (Sensitivity)

UIUNGUFIDYN

ININANTYBUSU

NaN1IndEDU

(categories)

(ND - PD)

(ND + PD)

(ND - PD)

(ND + PD)

1

3

6

1

1
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4.1.2 wan1sAnw1An relative level of detection (RLOD)
Hunsanwiuisuiiou wedssdiua3unanis Legonella spp. ﬁ"wqmﬁ'mmsa
asranule (level of detection; LOD) w435 Real-time PCR FeuRuitmneasadelae
Aunanduan Relative level of detection (RLOD)

M135999 17 Han1svadeulienIAfIganaiuisansianula (level of detection; LOD)
Y8935 Real-time PCR uagdSimzideuie

stiuMsLuTe USinaude NAN1INAEDIY
(cfu/Test portion) Culture method PCR method
(GVPC plate)

Tyidunde (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

Wasesus (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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szunside Vinaudle NANIINAEDY
(cfu/Test portion) Culture method PCR method
(GVPC plate)
Wosesus (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
Laméﬁlaszﬁuqﬁu 2.4 x 10° cfu Detect Detect
(higher level) Detect Detect
Detect Detect
Detect Detect
Detect Detect
Lam‘%}aizﬁuqﬁu 5.9 x 10° cfu Detect Detect
(higher level) Detect Detect
Detect Detect
Detect Detect
Detect Detect

PMNAITNNUI ATLAVANUUNTY 5.9 x 10 cfu/test portion THHAN1INAADUTN
Wuuan 25 -75 % va3d19g1anadaU 11935 Real-time PCR was3Sinizias sl satiuan
manfau1sansIanula (level of detection; LOD) a3 2 35 A 5.9 x 107 cfu/test

portion
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- MsAmaLagnsklanaal RLOD

Yiuanisnadeudilasiuiaal RLOD Tneldluswnsy Excel RLOD calculation
program TANANITNARDUAINITI 18
A15197t 18 wan1seuans @ RLOD 21nTuswnsy 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

INA519 NUFIAT RLOD Wiy 0.884 Ferinumuinaaidlaifisusudnsafianis
¥9USU (Acceptability Limit; AL) ¥99A1 RLOD Farmualsi 1.5
4.1.3 Wan1SANYIANNINNWIE (specificity) Y8935 Real-time PCR
mamiﬂﬂmmmwwu (speoﬁoty) %aaaﬁ Real-time PCR wuwa positive 310&19
Wuﬁmimawua Legionella spp. wwmwmmimaa‘u mLUuwaLﬂmmwaqmi
AU LLaumnlmwumswuqmimaqLL‘Uﬂ‘wLisauﬂ Fahumeaeu uaneal

A157°99 19 Nan1sANWIANINNE (specificity)

N1INAEDY Fonnaeu 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

RNYLNA :

Not detect fio aralinuarsiugnssuveadoilmung

Detect Ag ATIANUATHUINTTUVDUYD/NUNSLITYVDUTDUURIMNTLATD

Partial inhibition Aie 91MsIEYLRENTASUTINTRS YOI lAUIEIU
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4.2 wan15UssuANEanAdR958%31975 IneltatA kappa analysis

A9199 20 wan1IRdeUNaUSTIIUALEDAABISEINNI0 InelTaiiA kappa analysis

19U Uszuandaagnei NANIINAGDU nsulana
Culture method PCR method
(GVPC plate)
1 duesdaans Not detect Not detect NA
2 duesTaans Not detect Not detect NA
3 ‘1%‘1/1@5«,5‘144 Not detect Not detect NA
4 ﬁﬂ%’ voRafu Not detect Not detect NA
5 ‘IEWEL‘%' veRafu Not detect Not detect NA
6 ot Not detect Not detect NA
7 ‘IEWEL‘%' Not detect Not detect NA
8 ‘jﬂ‘fij Not detect Not detect NA
9 ‘jﬂ‘fij Not detect Not detect NA
10 | vethw Not detect Not detect NA
11 ﬁﬂi’f Not detect Not detect NA
12 ihiaaes Not detect Not detect NA
13 13;’11‘8/ voRafu Not detect Not detect NA
14 Uaﬁm Not detect Not detect NA
15 ﬁ’]ﬁ]’]ﬂﬁ”aﬂﬁj’l Not detect Not detect NA
16 ﬁﬁl‘i’fmﬂ’ﬁ Not detect Not detect NA
17 ‘13ﬂ°ffmmi Not detect Not detect NA
18 dhanfeni Not detect Not detect NA
19 dhanfeni Not detect Not detect NA
20 ihilesTaaes Not detect Not detect NA
21 dhiiesionin Not detect Not detect NA
22 dildwens Not detect Not detect NA
23 drldain Not detect Not detect NA
24 drldain Not detect Not detect NA
25 drldmnmdin Not detect Not detect NA
26 13;’11‘8/ voRafu Not detect Not detect NA
27 13;’11‘8/ voRafu Not detect Not detect NA
28 ‘U'aﬁﬂ‘v! Not detect Not detect NA
29 ihiaaes Not detect Not detect NA
30 drldweain Not detect Not detect NA
31 drldain Not detect Not detect NA
32 drldain Not detect Not detect NA
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a6 Uszinniaagnein NANITNAFDU n1suUana
Culture method PCR method
(GVPC plate)
33 ildeain Not detect Not detect NA
34 Uaﬁm Not detect Not detect NA
35 Uaﬁm Not detect Not detect NA
36 duesTaans (spike sample) Detect Detect PA
37 thuoslaians (spike sample) Detect Detect PA
38 vhnefaduy (spike sample) Detect Detect PA
39 4 veftaduy (spike sample) Detect Detect PA
40 B4 voradu (spike sample) Detect Detect PA
a1 ﬂa‘j’lw (spike sample) Not detect Detect PD
a2 Wl (spike sample) Detect Detect PA
43 Wl (spike sample) Detect Detect PA
a4 whld (spike sample) Detect Detect PA
45 ‘U'@‘Eﬂ‘v! (spike sample) Detect Detect PA
a6 e (spike sample) Detect Detect PA
a7 ihiaaes (spike sample) Detect Detect PA
48 4 veradu (spike sample) Detect Detect PA
49 Uaﬁm (spike sample) Detect Detect PA
50 thanfenth (spike sample) Detect Detect PA
51 dldorans (spike sample) Detect Detect PA
52 ihldenms (spike sample) Detect Detect PA
53 thanfenth (spike sample) Detect Detect PA
54 thanfeni (spike sample) Detect Detect PA
55 ihiluesTaaes (spike sample) Detect Detect PA
56 thilauesstaain (spike sample) Detect Detect PA
57 ihldesnt (spike sample) Detect Detect PA
58 ildeain (spike sample) Detect Detect PA
59 ildwoain (spike sample) Detect Detect PA
60 ldaniin (spike sample) Detect Detect PA
61 4 veradu (spike sample) Detect Detect PA
62 4 veradu (spike sample) Detect Detect PA
63 ‘U'@‘Eﬂ‘v! (spike sample) Not detect Detect PD
64 ihiaaes (spike sample) Detect Detect PA
65 dldweain (spike sample) Detect Detect PA
66 dldwein (spike sample) Detect Detect PA
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a1au Uszinniaegnain NANIINAGDU nskUama
Culture method PCR method
(GVPC plate)
67 ildoain (spike sample) Detect Detect PA
68 dldweain (spike sample) Detect Detect PA
69 Uaﬁm (spike sample) Detect Detect PA
70 ﬁaigf’lw (spike sample) Detect Detect PA

d' o ! [ ] U a i % 1 aa Y aa
1971990 21 Nﬁﬂ?iﬂ?ﬂ?EUﬂWﬂﬂﬂﬁﬁﬂ(EXpeCted)ﬁ?%iUUi%LNUﬂU?Nﬁ@@ﬂﬁ@ﬂi%ﬁ?ﬁﬂ?ﬁIﬂﬂiﬂﬁﬂm
kappa analysis

Method 7% culture PREY
WNRUIN NaaU
WNaUIN PA =33 PD =2 35
a2 bCR Expected (33x35) /70 = 16.5 (37x35) /70 = 18.5
Naau ND =0 NA = 35 35
Expected (33x35) /70 = 16.5 (37x35) /70 = 18.5
334 33 37 70

1) ANUINIIEIY Kappa

Kappa = Po — Pe
1-Pe

e Po A0 HATINVBINAVAADUTINTITUIINNTNAGEY
= (PA + NA) /N = (33+35)/70 =0.97
Pe Ao nasiuvesnutnazsiluiinssiuainAmanda (Expected)
= (PA (expected) + NA (expected)) /N = (16.5+18.5)/70 =0.50

WNUAN Kappa = Po—Pe
1-Pe
= 0.97-0.50
1-0.50
= 094

75 Real-time PCR gnUszillulUIguliiguninuaannaedvananIsnaaasuiuisnis
WAENTe eEdi kappa analysis Tnevnaeulusieganiiidinsaamide Legionella spp.
n1391193U JUAN19 (naturally contaminated samples) Lazdl08197LAnTe (artificially
contaminated samples) $1uausI 70 e Inenuinlimudenndewesiasis lu
S¥AUANIN (kappa = 0.94)
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unil 5
ayunan1sAnwLasYalauaLUY

5.1 ayunansAnen

INHANITIATIVABUAINNYNABIVBITT Real-time PCR fjﬁ’wmﬁu densran1de
Legionella spp. Wui1dA1A11NABIFUNNS (Relative trueness) Segay 98.33 dAAdula
(Sensitivity) $oaz 100 FanndIsimsdsadefiiuisuinsgu anuhvedismiifes
o Seuay 97.04) TrusiailAn False positive ratio ¥e35 Real-time PCR (FPR) Saway 4.76
dosnuamanageuiegsihuszinnindseduenms Swau 1 Fregs Tian1snsaadae
35 Real-time PCR tJunauan LL@]"?%LWW”L%@J@L%@WN@L“f]ua‘u ﬂiﬂiﬁmaLﬁ@fﬁUléﬁ’Lﬁ@Wﬁﬂﬁaasjﬂa
mwumsﬂul,ﬂawu@wuaaw] $1IUNIN F9919TUNIUN 1513 VONTE Legionella spp. U
omsasadeldlunsdfiivsunante Legonella spp. Tos wenanideiinsiamueray
uncultured Legionella #5® non culturable but viable Legionella Imiumamqumma
Legionella spp. Uuﬁ'yJauang' wienadudefinudeddlduuemsidsade vieoaduided
meud iliamsoasanuldianizds Realtime PCR Lilpsnnidunismsamansiugnssy
Y8080 HANIANYITWERNTITIS Real-time PCR fprulaunnnifisinnsiie aie nansmageu
AUIUNE (Specificity) Wu1135 Real-time PCR fenusnnzdede Legionella spp. lainu
UFATed1unga (cross reaction) fuldonunaiiGvdadufinuldvesluundnirfithumesou
$1uau 7 ¥iln Tnenudnds Realtime PCR finnusinizsodetmunsnasdoflilditmane
1nndAEasuTe Lﬁa\i‘\]’]ﬂ%}%‘m’wLgENL%@ﬂﬂm’liﬂﬁugﬂmim%iyﬂmL%@Suﬁ"} (Foilyily
Wmune) Téunsdau (partial inhibition) Wedsanuisaiasaletas uraelvdnvaslalaii
wansnsantalaiiveade Legionella spp. pgsbsiinunisAnmilsaitesiin esaindiuay
silpvonteuuaiSeriinduiiunnageuiisuaulos

MnmsUszifiumnuaenadecszaniieds Real-time PCR fuismidoate Tngldiedns

1%
o

UN1dan 3990 Legionella spp. MeasljUAn13 (naturally contaminated samples) uag
A108197LANLTO (artificially contaminated samples) WUl AIINADAARDINTINUTZIIN 2
78 lusgrudout1sauysel (kappa = 0.94) uanaNIIT Real-time PCR failanuaiuisalunis
n5293UNSUU DU Legionella spp. Tudpg e Niusunadeies 5.9 x 10% cfu/test
portion wazilA1viTunenaau (negative predictive value) LJuSesay 100 Fauansin lufina
Y9935 Real-time PCR Wuauilioisn1swizideadoiduuin fatuis Real-time PCR AiWauniu
~ 4 I TR % z )

Junugiagihuldlussuuniadise Tunasihnasdsdnisvuwlouvsitie Legionella spp.
z:ll o a Y a ] & & Y & aad o )~
Won1saniun1sdesnunautinnisunsnsza18 vl nsoanaldiuisdudulalative
Legionella spp. \Wesannsuenlalaiiedaduismsndndudwmsunisnsranidonidin ua
3 PCR Tinafisamiininismsimizideatiods 15 W (@anszezain1snadeun1aiesujinns
910 15 Ju Wde 1 Tu) Muds Real-time PCR fiamndudwnangfiagldiduismadonlunms
ArvAukazidszinIsdulouielunnasiifieg wonwiionnisinislds wieAud
vieauuRnisdied iielilanan1snaaeuisangiiu ninenulingidasianiasgiasaAenyy
ausadmantsvadeululglunsidhse Tinsssuiaveslsrdilounuslaegtsiuriaed lagau
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ISO 16140-2 : 2016 wagn1sUszIdUANEDAAABITENINNID I ldalid kappa analysis Wua
NANSNAFBUATNATIN3EBLSU (Acceptability limits) anun wazlinanagoudilinanmis
1nIBuass GRmnzidsade) Muduiesufiinisausntdiinismsmanide Legonella
spp. 0838 Real-time PCR unldnegluiesujudinislaetgndes

5.2 UDLAUDLUY

5.2.1 Yaiauaidulouny

ualiiinsnumu/UsuuUsznmansewsle w.a.2544 Fos feufRniseaunuide
f3lowaarluvefiwbuvesninislulssmalng Aldfinsiuunszdunistuiliouveaie
Legionella spp. 1u*mma cfu/L maﬁmimmaawmmiammmwalwaaiwm8 cfu/L 19 A o
Fnsimgideate (Culture method) Tne3siidedin fo dodliszes pammilumamsdos
FouazBudunuantivesdedsentldfuionisiisz falsald nsufulnszmansuousle
W.7.2504 1309 ToUfuRnsmuaudedilenaalueiafuvesenmslulszmalne aanumu
inausiszdunsUuiouveade Legionella spp. Wunu/linu Fudunismadeudanmam fae
3% Real time - polymerase chain reaction (Real-time PCR) azi¥unuinianisiilinanis
yaaouiiningaty danusingdededmnefifesnisvaaey usenounsuienie i
Reades anunsadmanisnaasuldldlunisiiisese Jestunazuiloanglfodsiuse
anumsal Wlelosrumsunsszuinveslsndiouuus suazdmmansznuseussvvunnngude

5.2.2 Yaiauadaufunns

ﬂ’]im%ﬁm%?g@ Legionella spp. 1n81435 Real time - polymerase chain reaction
(Real-time PCR) 3siTnmas danudinzgs Hrvanszoznauaziiiuamuusiudily
mManaaeuneviosUfIAnslY fnnumnzdmivhlvlflunulszdwesiosfiinis e
sesfuUBnaisiduawnn gurimsansatwanisaseululdlunsiihse Ssanunnsal
naundszuiavedlsndifeunuifionansenusogunmlfedieiuried nuildidueiesiioly

o w

NNSES19AUATERUNLAFDIUUTENOUNITAINY 10U 159usy Saosn Tun1slianuddgiunis
= A &

Ursefnwnsguuidnarennianiglueaisiignaudnvaruazianumuizay dadeidunisan
guin1salvazAmNdsIsianiIssruInvadlsadananlulsenalngla

5.2.3 Soiuadmiuauidensely
nswawiesujuiinislugnisiduiesuufinssnsdauuinsgiu ISO/IEC 17025
2017 Tusnen1mageu Legionella spp. uaﬂmﬂ’ﬁmsmaauﬁﬁﬂszﬁw%mwLLazﬁmmgﬂé’aq
wé Asddniidosdnieis Ao msmuaNaunITsU SRS Hamsniuauamainntely
(Internal Quality Control) 14u mimuamamuﬁLLazamfwané’auﬁﬁmaﬁiamsmmaau N9
UsziflumNaSVBSEMIAGDU NMIAMUANAMNTHYDUATEND NIMUANAMNMYDILATEY
L2 ANIATUANANATNEIMITABUTD LAZN1IAIUANANAINATEUEN (External Quality
Control) 1 n15t13mlUsunTuATAdeuANTIUNYY (Proficiency testing : PT) Woduns
U5y ﬂuﬂmmwmamsmaawawmﬂgummi e RFTEG (accuracy) mNLTIEs (precision)
wardienutnideite aunsoaeunduld femsmuauauamyniuReuYeINIIIAdRY
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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/\), 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 given 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. gratiana, 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 (lll) for primary isolation but sometimes grow
weakly in the absence of added L-cysteine thereafter. Accordingly, 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 ISO 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 1ISO 16140 is in particular applicable to bacteria and fungi. Some clauses of this part of ISO
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 altemnative
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 I1SO 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 altemative 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)
+ 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.
¢ 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)®
- - - Negative Agreement (NA)
Negative Agreement due to false
- - + negative alternative-method result
(NA)
B - - Negative 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
3 Confirmation of the alternative-method result is done according to 5.1.3.3

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
(R+) (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_;, = ——————x100 % (1)
(PA+ND + PD)

, (PA + ND)

Sensitivity for the reference method: SE = ———— %100 % (2)
" (PA 4+ ND+ PD)
(PA+NA)
Relative trueness: RT = o x 100 % (3)
a5 : : FP

False positive ratio for the alternative method: FPR = ﬁ 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.
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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 5
5 5 14 5
6 6 16 6
7 6 18 7
8 6 20 7
4 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;
(f)
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 altemnative 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 serolosgically 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 altemative 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.g. 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
2

Etc.




