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MINTINFBUANNYNABNIZ PCR §MTUATINGD L. pneumophila
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Legionella pneumophila L‘fJuL%aLL‘UﬂﬁL%EJ
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12228, Enterobacter aerogenes ATCC 13048,
Burkholderia cepacia DMST 15507, Bacillus
subtilis ATCC 15896, Klebsiella oxytoca DMST
16071, Listeria monocytogenes DMST 17303,
Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923, Pseudomonas aeruginosa
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L%aLL‘UﬂﬁL%Elﬁ)xgﬂLW’legﬂﬁuua’Wi'lSLgﬂQL%ya‘liﬁﬂ
nutrient agar (NA) ﬂuﬁqmwgﬁ 37 DFLTOLEES
Hlunm 18-24 2l

YenANiiLHe Legionella fiuenld Mndagha
Thmedaeday Tasdamsinzdedn® uas
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u 25 lalgtan hununulesguéingmans
Mg 1171 giiia Tl 2562 Tasmaifusnunize
Hlundiwesea anududuiasas 15 figaumai -70
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d3latuam2ee Centers for Disease Control and
Prevention (CDC) U 2005 Tagl#uciunsasniia
polycarbonate #U1@FWIU 0.2 Tulasiuns (Fisher
Scientific, USA) 91auiingragaiiadonle
wann DNA loglayaana NucleoSpin® Tissue kit
(Macherey-Nagel, Germany) FanaaLAeue e]
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-20 aNANaLEYd

msmwmmiﬁuqmsmﬁya L. pneumophila
meld PCR

38 PCR gnihanldasiamarsnugnssu
“ZINL%E] L. pneumophila Tududiu macrophage
infectivity potentiator (mip) @N81Y 265 bp
Tosgalwsiwasgnaanuuuaindaya GenBank
accession number S42595%" qmlwsma{ A4
uaasluanseii 1 PCR product fildgnasiaday
anuannzlogldlusunsy basic local alignment
search tool (BLAST) wazusziiugduuuanu
NWEMs0n PCR product logldloulnd EcoRI
(Thermo Scientific, Waltham, MA) %ﬁtaaﬂﬁnﬂ
nansitaszielelusunsy NEBcutter (lale
LaANTBYa) ATINEBUNANEN PCR Adalameda
gel electrophoresis

drvsuarudsznavuazanizuaaljnsen
mavnagnuiuliiannzivansan Usnes 25
Tulasans Usznaume 1X reaction buffer, 2.5 mM
MgCl2 (New England Biolabs, USA), 0.2 mM
dNTP mix (Thermo Scientific, USA), 0.2 uM
forward primer oz reverse primer (Pacific
Science, Thailand), 0.625 U Taq DNA polymerase
(New England Biolabs, USA) t#ix nuclease-free
water TWasuUsinas 24 lulasans nasnniudia
#0819 DNA 1 lulasdns 1vaaanaasiussy
dausznavlfisennanaaidiaiauinudnm
a3WugnIsN T100™ (Bio-Red, logldanmzuas
ﬂﬁﬁ%ﬂ’lﬁ\ﬂi initial denaturation 7 95°C 2 Wi
LAY 30 58U 284 denaturation % 95°C 30 S,
USA) annealing #i 57°C 30 37 usz extension
il 68°C 30 317 Mntiudng final extension 7 68°C
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Tosnandanilagnasiadaudls 29 agarose gel
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p o o ALK PCR product
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(bp) (bp)
Forward primer GCA TTG GTG CCG ATT TGG G 110-374 265
Reverse primer GGC AAT ACA ACA ACG CCT GG
n1sw1ﬂ%mma1w’fuqnssmﬁﬁaﬂﬁqmﬁmnwu MIAIUNNEDH

(limit of detection) wazANNINNIE (speci-
ficity)
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Uszdiulagldshathahmedaunedas fsdeiins

Uuaude Legionella TUIU 161 AIDEN

uawe93d PCR fildazldSunisussziiiu
ANUFDANADITEWINID Lo kappa analysis uay
UszLiliue) sensitivity, specificity, accuracy,
positive predictive value a8z negative
predictive value lagldgasinasgiuanuazeg
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Alalasmssaaateulaidasinz PCR product
ildgnuszifiumaanuiimzdaaulsidaiing
Alannmsinsiaallsunsy NEBeutter Tngth
PCR product fildamnmsifintSnamswugnssm
298U mip 219 265 bp aameaulysl EcoRI ua
MsUszliunwu §506e PCR product leaan
{lu 2 dau Usznaude 177 uar 88 bp Fwnaues
PCR product #iaaldfianansemuuamsdianzy

AALFAI LMD 1

msmmmmsﬁ'uﬁqﬂssm%ya L. pneumophila
Mo PCR
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N INTINTENFNTNSUNWNE
UM 64 atlun 3 nIngIAN - NUENBY 2565




Validation of PCR for L. pneumophila Detection

Benjaporn Nuthong et al.

M 1

300 bp
250 bp
200 bp

NI £

100 bp
50 bp

25 bp

S 5177 bp

S 3 88 bp

Mwil 1 PCR product gedaeeldioulas EcoRI Tag Lanes M: DNA marker, 1= L“??E) L. pneumophila

U0 265 bp, 2-4 = NaNANNAA loeelFaulEl EcoRI H21a 177 uas 88 bp
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Muil 2 PCR product #8935719009la am3unsnsiamanswugnssuiea L. pneumophila 10g Lanes

M = DNA marker, 1-5=PCR product 2841%8 L. pneumophila Lﬂuﬁaﬂmqmamﬂﬁwum

265 bp, N = nuclease-free water L‘ﬂuéhmucigmaau
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Mo NINNGNED L. pneumophila Usina 1.5x10°
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Mud 3 USinassnugnssuiissfigaiianansonsianuld (limit of detection) 28435 PCR 7190632y
10e Lanes M = DNA marker, 1-7 = %8 L. pneumophila 1311 10°, 10°, 10%, 10°, 10% 10" uae

a aa o

0 4 [ _ Id LY
10” 19ad/880005 MUAIAU, N = nuclease-free water tUumMMIUANHAAU

M 1 2 3 4 5 6 N M 7 8 9 10 11 12 N

300 bp
250 bp

MR 4 aNENzads PCR fvasan UssiiulaglddauveiiGesy s1unu 10 #iia Tag Lanes M:
DNA marker, 1 ttaz 7= DNA L%ya Legionella pneumophila, 2-6 w8z 8-12 = DNA L%ya Staphy-
lococcus epidermidis, Enterobacter aerogenes, Burkholderia cepacia, Bacillus subtilis,
Klebsiella oxytoca, Listeria monocytogenes, Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa Was Enterococcus faecalis mua19u, N =nuclease-free water
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uanNNLANNNWILEE9IS PCR 919009l mophila serogroups 2—14 (n = 50) uwaz Legionella

% Yo =) o v &1 . A . ) . d%’
gelasumsasadaviiuiu loaldde Legionella i species (n=25) waUsIngwuiiu mip lawziie
wenlotininan iy 100 lalaen Usenause L. pneumophila 11U 75 lalatan iy aaudns

L. pneumophila serogroup 1 (n = 25), L. pneu- Tugms1il 2

[ v v
[

A5 2 ANNININLLBNS PCR Ninady asadaviiuiulosldde Legionella Nuanlaaiedsimnsiaes
@a MY 100 lalnan

35 PCR
WaUIN WaaU
wnzaaade® NAUIN 75 0
(M9537U) NaaU 0 25

*3Funzidenda; nauln: latex agglutination test 14 L. pneumophila, Haau: latex agglutination test {1t Legionella species

"% Legionella Nuenla Usenaume L. pneumophila serogroup 1 (n=25), L. pneumophila serogroups 2—14 (n=50) uUag

Legionella species (n=25)

] v @
=

wan1sUsztindsz@nsnInis PCR N9aneau
wWisuiiisuanusanedasmAamMsINzEnads

3% PCR #dansdugnissifiviouiioy
AINEDAAABIYDINARUIENISINZLEEUED Y
(e ToglflalatlidouuniiZeiasdediu
Lﬁya Legionella 971U 385 lalgian wawm%ya
L. pneumophila MU 39 lolzian ﬁnﬂﬁgﬁﬁ PCR
wasimwnzEede sauaadlumei s Tosaannda
AR UNIEaE @18 kappa AU 1.00 uaz
He sensitivity, specificity, accuracy, positive
predictive value waz negative predictive value

59882 100.00

wananiiia PCR faldsumsusziivlasld
frathahnniwneden Asdeimsludieuda
Legionella :UU 161 ot Han150IMae
3% PCR wul#e L. pneumophila MUIU 17 AIDEN
PfidRWsAsEaNaNUED T 12 Gaeth
fauaaalumsni 4 donndasnsatudia kappa
(WU 0.81 H@Y sensitivity 3888 100.00,
specificity 5888% 96.64, accuracy 3088% 96.89,
positive predictive value S888% 70.59 WaE

negative predictive value 59882 100.00

M5 3 HamsiSeuiisunsasianiae L. pneumophila mg3s PCR wazddsimnzideade logldlalail
& oo A o g & . o ' ¥ a v
@auuaiiSanasdelluiio Legionella :nd10g NN NawInaay (n = 385)

Sensitivity Specificity Accuracy PPV° NPV*

» POR () ) ) (e (%) oPPR
HauIn HaaU
Fwnzdsade™  wavn 39 0 100 100 100 100 100 1.00
(W93 1U) WaaU 0 346

* FBIWzLdeE; MauIn: latex agglutination test lu L. pneumophila, HaaU: latex agglutination test Hlu Legionella species W3auaau
b . d v v . . .
e Legionella fuanle Usznauday L. pneumophila serogroup 1 (n=13), L. pneumophila serogroups 2-14 (n=26) uaz Legionella
species (n=11)
¢ PPV = positive predictive value
¢ NPV = negative predictive value
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M0 4 wamsilSeuiisuanudannaaIMsnsIaviia L. pneumophila Me3s PCR wagdsimnsides
e legldmaaninnndunassuiasdeinmsuudleuts Legionella (n=161)

Sensitivity Specificity Accuracy PPV¢ NPV*

» POR () ®) ) () (%) oPPR
HAaUIN Haau

Fumnzdeade™®  wauan 12 0 100 96.64 96.89 70.59 100 0.81
(WeI3IU) HaaU 5 144

* 3Bunzdeada; wauan: latex agglutination test i L. pneumophila, WaaU: latex agglutination test Hlu Legionella species #3aanu
" %o Legionella fuenle Ussnaude L. pneumophila serogroup 1 (n = 4), L. pneumophila serogroups 2—14 (n = 8) waz Legionella species

(n=3)
¢ PPV = positive predictive value
¢ NP = negative predictive value

a 4
AU

NARaMIANEIMUINE PCR flsaasiu tile
@579 L. pneumophila lagl#8y mip flu
Suthminefisnenuenusumesude L. pneu-
mophila WludIBENMIEIngaNLazIaEN
neadtn > e anldaanuuugalnsines
Tumsne Fenandaieanuuulaizine 265 bp ua
mafnmugasanuTwsles liwulfasendungs
(cross reaction) ﬁm?qi’a Legionella m‘c’lﬁuﬁ:ﬁ:u
wazwuaiiGerinauiinuldvasluurenh sanada
FunamInadaumsdsmsmzaeads wazKams
Jwnnzdlagmaiindnunsaiindsniiineny
Aaunti 0 1e =220 6 e 1 Sauiguiuasms
winUSinanseieasnlugnnase suiumaied
folFlumsaadiathan ™ wuhdaiandu
dafienulnfosnhussfiduaauiigeenn udis PCR 7
TailihAsfaauiehs lidasmaedasiiaiifinmg
wiagiiermaianis @1 limit of detection
Wy 10° CFU/ml laishsnniBimside uasgan
FmstinUsinansaiheasnlugnnase (5 genome
unit/reaction)” 988 fa WLAUMSIINIENOU
luesufudnmsauraidan sulszanmutios way
Tuanfludasdigdenammnslumaanivnu®
aghalsimumsanmiligasite ssansiuou
FilavasdauuaiiGerinauiinvldveslunwsiy
NNNAFUNDUNIULDY UHZNINMIATIVFDUANIY

Fumzraswandndldnnyalwswasiioanuuuiu
waldluniddeil wuhlduandeifisluuuany
NwrzaaaulEiaaannie EcoRI gneainsa
MNKHaNISILtAsIEiar8lUsunsy NEBcutter
eszili uennninnmsiUsauiisulssansmu
284935 PCR #iléfudsnisimizianatae®
(ﬁﬁmmgm)Tﬂﬂiﬁ'ﬁaaﬁwfwﬁaﬁﬂﬂﬁﬂuﬁJyauL%a

NUN VAN NFDAAF NN UTEWIN 2 35 Tuszau

] v oy

AUt NaNysal (kappa = 0.81) lag35 PCR Niaasy

e

¥
=

WUHD 1Y 17 §19819 BaEiIswzideae
wuide $1nu 12 haes Fsenafisnannis PCR
AAN5AATINTUHD Legionella WinilEie (viable)
13#i%39 (non-viable) iauﬁu%yaﬁﬁ%%mwiag”lussﬂz
ﬁlﬁa‘lm’SOLW’lngﬂﬂﬁ' (viable but nonculturable;
VBNC)®” yaniniiia PCR fadanyhlumsaa
Sumsiudieuweaids L. pneumophila fiusnande
LiNEN 107 a8 /iadans Aee negative predictive
value (Hudazas 100 Feuaasihlifinasasds PCR
Huauidieismsinzdsdaduuin §uiAs PCR
AlasaminzfiazianldluszuumsithssSaunaai
fisedoiinsuudlauwasdie L. pneumophila tile
msmiiumsilastudaufamsunsnszneaeie
wialdifluasmsiuiulalaiidouuaiiGe asn

prp g & ao Ao & o o
ﬂ']‘iLLElﬂIﬂIauL‘UBENLﬂu?ﬁﬂ'ﬁﬂ""\nLﬂua’]‘lﬂ'ﬁﬂﬂ']'i(ﬂif]ﬁ]

]
= a A

WIFauuansanizio lasainnisidlalativze

o o A [ I . =< o v
wuansanadeulda Legionella #aNanumue

Re
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N9y YU 2BULSEY Uaz cut-glass like 1A
IeeidSaufisunusenineds PCR flanuis
MILNZLBENTD" HAYDINTATINIATILHUTONA
kappa l¥NU 1.00 HNINTANUFDAAN IO TNNUDEN
L4 & ac 1aa v ] < J
aNYI0BINIERNIs ueis PCR TWnansiaEin
ac g & = ' & &
ABMIIWZEeTN 8 1 (3 Tlan vs 24 lan)
= a o R ac =~ 2 d‘ly
Raransanazinladuidnadaniiensiaie
L. pneumophila agslsnanumsimsnannaaiiia
Tiasaumaumsasiamde Legionella spp. 98U
9
d' 1 vV
nalsaae

a5

2
5% PCR faandduiitensiawidie L. pneu-
mophila Tae138u mip Wuiudhmneluaseil
fienalh anudiwsgs lidadlfiedasiiaifinegs
wasimmaane MunaihAiiansasasdy
Usmnadaghanuannla Samansiasnihan i
Bmedanluvaslfudinmsuuneidn sulssananiag
wazlisuiudasdigienmaamslumsiiivn
Wamsmuguuasithazfimstuilauvaade
L. pneumophila Tuunaehenaq maunaeines
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Validation of Polymerase Chain Reaction
Method for the Detection of
Legionella pneumophila

Benjaporn Nuthong,' Aapakon Nobnorb,” and Sasitorn Nuthong®

'Regional Medical Sciences Center 12 Songkhla, Department of Medical Sciences, Songkhla 90100, Thailand
’Regional Medical Sciences Center 11,1 Phuket, Department of Medical Sciences, Phuket 83110, Thailand
*Prince of Songkla University, Songkhla 90110, Thailand

ABSTRACT Legionella pneumophila, the main cause of Legionnaires’ disease, is found in various
water sources. The bacterium is spread to humans through the inhalation of contaminated aerosols.
Surveillance of pathogens in water sources is therefore essential. The standard method for the detection
of L. pneumophila is culture. This requires an expert to read the results, and it takes a long time. This
study aimed to develop and validate a PCR method for rapid detection of L. pneumophila with high
specificity but without the requirement for specialists. Many samples were tested using the macrophage
infectivity potentiator (mip) gene as the target, and the results were compared with the culture method
to measure consistency. The PCR product of the developed PCR method was 265 bp, with a limit of
detection equal to 10 CFU/mL, without cross-reactivity with 100 isolates of Legionella and 10 common
waterborne bacteria. Comparing the effectiveness with culture using water samples, the results showed
a well-correlated agreement (kappa =0.81) and a negative predictive value of 100%. In addition, when
bacterial colonies suspected of being L. pneumophila were used, the comparison results indicated a perfect
agreement (kappa =1.00). However, the PCR method provided the results eight times faster than the
culture method. Thus, the developed PCR method is suitable as an alternative method for the surveillance
and the control of L. pneumophila contamination in water resources. It can also be used as a method for
the confirmation of suspected L. pneumophila bacterial colonies in addition to the existing culture method

for faster analysis results.

Keywords: Polymerase chain reaction, Legionella pneumophila, Legionaires’ disease, mip gene,

Water sources
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