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Distribution of Legionella species from water systems and genetic
diversity of L. pneumophila serogroup 1 in Gyeonggi-do
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Legionnaires’ disease (LD) is a severe and potentially fatal
pneumonia caused by colonization of human-made water system
and subsequent aerosolization and inhalation of Legionella
bacteria. A total of 147 Legionella strains was isolated from
environmental water sources from public facilities in Gyeonggi-
do, South Korea. The distribution of Legionella isolates was
investigated according to facility type, and sample type. L.
pneumophila was distributed broadly throughout Gyeonggi-do,
accounting for 85.7% of the isolates, and L. pneumophila
serogroup (sg) 1 predominated in all of the public facilities. L.
wadsworthii predominated among non-L. pneumophila species.
We performed comparative analyses of L. pneumophila sg 1
isolated from environment water of public facilities in Gyeonggi-
do by pulsed field gel electrophoresis (PFGE) and sequence-
based typing (SBT). Thirty-two isolates were classified into
22 types by PFGE and 9 sequence types (STs) by SBT and
categorized into 3 groups. ST1 was the most prevalent sequence
type and two STs obtained in this study had unique allelic
profiles. The use of SBT data from different countries for
epidemiology study of LD constitutes a technically uncomplicated
and relatively easy method for strain subtyping, especially
compared to other contemporary techniques.
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quinlivanii “5-ol= 22t 2711 2] A 3to] glom, Uz F=
2 1709 @A 7FR| 2L ItHKang ef al., 2005). | Z| 29
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o7 YR edletss dor|= Yt 50~75%F AHA| 5}
11, 71 subtypeX= TFoFs}tHJeon et al., 2014).
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PFGE (pulsed field gel electrophoresis) £

GVPC agarol| A <=8l 9F =] L. pneumophila sg 1 W -
HaH o 25 the, 2 ml9] cell suspension TE (100 mM
Tris and 100 mM EDTA, pH 8.0)°]] 15~20% £ = 2 & EFA]
Zck B 200 ple} 1.2% agarose (seakem gold agarose,
TaKaRa) 200 ul& 42 3 v} plug moldof] Yol - A Fith
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3] plug+= ES buffer (50 mM Tris, 50 mM EDTA, and 1%
sodium-lauroyl sarcosine, pH 8.0) 1.5 ml¢} proteinase K (20
mg/ml) 40 plE G 55°Co| A 1AI7F F 2 H-3-A1 71 3, plug
wash TE buffer (10 mM Tris; pH 7.5 and 1 mM EDTA; pH 8.0)
£ 99 §7|4 PVC tubeo] a1 55°C g 2420 A
20427t 53] AlASHGITh Al o] Bt plug= 1 mm F7| = 2
2} A& A Sfil (40 U/pl, Roche) 1 pl, A HE A £5-8-90 10
ul, BSA 1 pl, B-554= 88 ul& @1 50°C 32204 4
A7V HES-A| 2 3L, size marker 2 AREE Salmonella enterica
serotype Braenderup H 9812 (ATCC #BAA-664)+= Xbal (40
U/pl, Roche)2 & 2]} 37°CoflA] 24171 3042 &2t HH-5-A]
At Algta s A2 st plug A H-2 1% PFGE agarose gel 2
WH537, CHEF Mapper (Bio-Rad)E A[-8-3}¢ initial time 2.16
%, final time 54.17 %, gradient 6.0 V/cm, included angel 120°,
14°Cof A 19413t 53t 7] 45 skt 7] g50] =
M SYBR gold GMA| 2K(Invitrogen) & &2 3087 G &, =
Foll 1A]7F 5o & & DNA Image Visualizer (Bio-Rad)
2 3251tk PFGE 242 BioNumerics software (Applied
Maths)E- ©]-85}% 11, dendrogram-2 UPGMA (unweight pair
group method of average linkage) ] &2 -F-HATA & v - &

Hstoiet.

SBT (sequence—based typing) £

L. pneumophila sg 1 Y| ++-752] 55+ 54J-& sequence-
based typing (SBT) ®l'H 0 & E43}99tk SBT protocols version
5.09] ®igol wat 770 -8 2KflaA, pilE, asd, mip, mompsS,

proA, neuh)E Y2 FAR S35 HAASHL, H7|AE
B A8 4393} tHGaia et al., 2005; Mentasti and Fry, 2012).
Sequence type (ST) £4-2 European Working Group for
Legionella Infections (EWGLI) 2] SBT database & ©]-8-5}31
(http://www.hpa-bioinformatics.org.uk/legionella/legionella
sbt/php/sbt_homepage.php). 41 % 771 -5-212}2] concatenated
sequence= MEGA v 5.01 (Molecular Evolutionary Genetics
Analysis version 5.01) software (Tamura ez al., 2011)& ©|-83
o] clustal W (1.6) method 2 A€ A E &, maximum likelihood
treeS -3} 1, bootstrap 72 1,0003] 2] resampled data
24 229

ot W o
YX|dat? A= Zut

20153 195 1297h7] 7172 o A o= d gzt
e FUl 25 A1 9537 T 14720(15.4%) | A Al 2
ehtol AEE Ao, AA T 2 14 & 5 5 147579 &
R = e R ] A

DA A A L dleht HEE(Table 1) A,
AR, 8 Sl A 20.5%, TR =, weh, i Al
E] S5ollA] 17.7%, oA 14.7%, 58 5 <8 Aol A 10.7%,
EAA A 3.9% 1o, ol A= 11 HEEA
2h3LTh 2008 A E 2012 7H2] A 7] B5A] o thgo] S-A1A
o AR ofl HiRt A et o] & P AR oA

Table 1. Incidence of Legionella spp. isolated from water supply systems of public facilities in Gyeonggi-Do

Sampling Cooling Bath water Shower water Tap water S
pout
type tower Total
Facility R hot cold hot cold hot cold VST
Building & 34/184 1/5 0/5 0/1 0/3 35/198
Shopping center (18.5%) (20.0%) (0%) (0%) (0%) (17.7%)
Hospital 14/57 0/3 0/3 11/75 7/70 15/76 5/70 52/354
P (24.6%) (0%) (0%) (14.7%) (10.0%) (19.7%) (7.1%) (14.7%)
Public bath 12 36/101 3/57 8/51 6/52 54/263
Y (50.0%) (35.6%) (5.3%) (15.7%) (11.5%) (20.5%)
Hotel 2/9 1/10 0/8 0/1 3/28
(22.2%) (10.0%) (0%) (0%) (10.7%)
Welfare facili 1/4 0/2 0/3 1/25 1/21 0/13 0/9 3/77
y (25.0%) (0%) (0%) (4.0%) (4.8%) (0%) (0%) (3.9%)
Fountain 0/33 0/33
(0%) (0%)
Total 52/256 36/106 3/63 22/166 14/156 15/90 5/83 0/33 147/953
(20.3%) (34.0%) (4.8%) (13.3%) (9.0%) (16.7%) (6.0%) (0%) (15.4%)
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oA 3 2B o) ABEE 247} 31.0%2}
26.5% =4 LFERdTtHKwon ef al., 2012).

AE ol whE A EE(Table 1)2 B} 25234.0%, Y2t
H220.3%, SPHAASE 240 16.7%, AH 7] 29 13.3%, Ak
7] B4 9.0%, SFFASTE W 6.0%, G W 4.8% =S
B o] 5258 W2 d5E0 AEHeH, ol &
O] ALZATNETE LA} HSeung et al., 2007; Kwon et
al.,2012; Jeon et al., 2014).

Non—L. pneumophila EXiZ

Hal= R et 1475 %85.7% (12657} L. pneumophila
331, non-L. pneumophila?} 14.3% (2155)E *}X]8F3tt Non-L.
pneumophila 215+ 5 2057 AW, AL, 88 iy
=, oA 2=k

Non-L. pneumophila 2155 15529] & B4} L. wadsworthii
7}33, L. anisa, L. erythra, L. quinlivaniis, L. rubrilucens?} Z}
23R, L. fairfieldensis, L. jamestowniensis, L. londiniensis,
L. longbeachae?k 7t 174 A&E|gc). Beld 2% % L
wadsworthii, L. anisa, L. erythra, L. longbeachae= Aol Al
7ES do7itta g A )lal(Kang et al., 2005), £3] L.
longbeachae= 3.5, v| =y, Y& Fof| TFAAE| K17} gt
3 A Ark(Steele ef al., 1990; Kubota et al., 2007). L.
wadsworthii 79277} W10l ] 227} 59111, R A4
4ol B ok oge WelHel BL o Ho) 1P
SRSl e W) 249S ot Fps4o] Fon B
Zolsh mast Ao Yz,

ool

L. pneumophila SH7Z SZH
L. pneumophila 1265 %= 84320 tfslo] &4

A= Table 29} At Bx| @ dlehs0) =9 Q1o = o

X L. pneumophila serogroup (sg) 184 £ 32F2 A&

£0]38.1%2 7P =) UERE T, sg37F13.1% (1122), sg 5

Table 2. Distribution of L. pneumophila serogroup isolates (n = 84)

L. pneumophila No. of isolate (%)

Serogroup 1 32 (38.1%)
Serogroup 2 1(1.2%)
Serogroup 3 11 (13.1%)
Serogroup 4 2 (2.4%)
Serogroup 5 9 (10.7%)
Serogroup 6 1(1.2%)
Others 28 (33.3%)
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3232 AIBEE A S0 2 2] 2)3FPFGE pattern-S- dendrogram
o2 v}ebdl A3} 227) 2] PEGE patternS 1§31, A 54.4~
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Fig. 1. Phylogenetic tree (Clustering results) based on PFGE and SBT analysis. (A) Dendrogram of PFGE pattern constructed from L. pneumophila serogroup
1 isolates. (B) Phylogenetic analysis of the concatenated sequences (flaA, pilE, asd, mip, mompS, proA, neuA) of L. pneumophila serogroup 1 isolates. More

than 60% of bootstrap values are shown on the branches.

2 29t} Group 32] %437} 37]12] PFGE pattern2- 10|
™ 74.0%9] A3 E/dS Z ATk

SBT= Gaia 5(2005) 2] HFH-&- 0] 8510 flaA, pilE, asd, mip,
mompS, proA, neul, 77 FAAE AMESIR o, G714 E
2 X2 European Working Group for Legionella Infections
(EWGLI) 2] SBT database S ©]-83} Tl H2] ¥ 32552 SBT
= AR A 9719 7 o2 U = AUt Table 3).
o] ZSTI(1,4,3, 1,1, 1,1)0] 59.4% (195) 2 7}4 S A3}
o, STI50 (11, 14, 16, 1, 15, 13, 1)0] 15.7% (532), ST62 (8,
10,3, 15, 18, 1, 6)7} 6.3% (23] AZE-2 R} 14k
ST159,ST304, ST607, ST10870] 17} E2]E] 3] 0.1, 2529
o} 3l A]+= EWGLI SBT databasef| 4] sequence type (ST)= 2
A 4= ek & AFM=GG1 (7,12, 17,3,35, 11, 113
GG2(11,14,3, 1,13, 13, 1) & HHa}9Ith 7]1£0] ATSo]| A
L ST AlAA 71 d ] Rz E o] lom, /Al Z oA
T HIHSHA e Eohar e A It Lee eral., 2010; Kozak-

&3l Al A|s3d Al3E

Table 3. ST distributions of L. prewmnophila serogroup 1 isolates (n = 32)

Sequence type No. of isolate (%)

ST1(1,4,3,1,1,1,1) 19 (59.4%)

ST150 (11, 14,16, 1, 15, 13, 1) 5 (15.7%)
ST62 (8, 10, 3, 15,18, 1, 6) 2(6.3%)
ST159 (11, 14, 16, 1, 15, 13, 2) 1 (3.1%)
ST304(1,4,1,1, 1,1, 1) 1(3.1%)
ST607 (11, 14, 16, 16, 15, 13, 1) 1(3.1%)
ST1087 (7,6, 17,28,13, 11, 11) 1(3.1%)
GGl (7,12,17,3,35, 11, 11) 1(3.1%)
GG2(11,14,3,1,13,13,1) 1(3.1%)

Muiznieks et al., 2014; Enrhard et al., 2015; Guo et al., 2015).
ST17} STI50L $-2]ue} 2 opjeh, 532, olio) A 1e]
7} "okal B 3% o] Q1 I(Amemura-Maekawa et al., 2012; Qin
etal.,2014), ST62+=2009d 129 5E 2010 1Y Alo]of] &=
U 2B w0l 2B Yol 64132 o< e Wt 4] A
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