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Background : Because of the ubiquity of Legio-
nella species in aquatic environments, molecular epide-
miological analysis of Legionella isolates is important
in investigation for source of infection and subsequent
control of nosocomial legionellosis. In association with
an unusual cluster of nosocomial pneumonia with
Legionella in a tertiary-care hospital, we performed an
environmental surveillance with molecular epidemiolo-
gical study of Legionella isolates.

Methods : We randomly collected 20 samples of
environmental and portable water from the hospital
where three cases of Legionella pneumonia occurred
consecutively during the period of 5 months. We de-
tected Legionella from the samples by using both
culture and polymerase chain reaction(PCR), and ana-
lyzed Legionella isolates from patients and environ-
mental samples together with 12 reference strains by
ribotyping using Hpal and EcoRI.

Results : Legionella was isolated from 3 out of
20(15%) samples by culture, and detected in 9 of
20(45%) by PCR. Ribotyping analysis showed that 2
patients’ and 2 environmental isolates from a faucet of
the patient’s room and an air handling unit shared the
same pattern which was also identical to that of Le-
gionella pneumophila serogroup 6, a reference strain.

Conclusion : The study showed that the hospital
environments were contaminated with at least 2 Legio-
nella species including L. pneumophila serogroup 6,
and indicated that an unusual cluster of Legionella
pneumonia occurred in the hospital was possibly link-
ed to the contamination of a faucet with L. pneumo-
phila serogroup 6.

Key Words : Legionella, Ribotyping, Nosocomial
pneumonia
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uZ]9} cyclohexamide, polymyxin B, cefamandole, vancomy-
cinol §4F BCYE-o Aol 47 RE} ¥ O,
incubatorZ A}-g3lo] 37Tol|A 3~52 Eot ujeksldr)”. 1}
WA 7AAIE 1 mlE eppendorf tubeE %71 £ 12,000 rpmoi|
A 537k ARl AZle welw (U 50 W
215}0] PCR ZAell A& 2714 20°Coll BT,

3. A AHANQ PCR % Southern hybridization

1) PCR

Template FHE Slall, AFE 50 pee] HAEell 50 9]
Tris-HCI(pH 8.0)% 7}sl] A &3Fo] 100 p7} A 3k %=
lysozyme(100 mg/ml) 2 wlZ 7}star 7xsiA] 42 5 37Tl
Al 3087 BESAFTE o7)ol 2 2] proteinase K(20 mg/
mh)E 33k K-buffer[100 mM Tris-Cl(pH 8.0), 1 mM
EDTA(pH 8.0), 1% Tween 20(wt/vol)] 100 wE 7}l 5
5CollA 2417 HEGAIFAIL o]o] proteinase K& HIZAI 8} A]
7171 S1sted 95CollAl 1027k 7kdslsie}. PCRoll A3l
A0l 12,000 o] 237 A el 43 30
& #30 template 2 AH--sl3ick

Primere BT #X| el #5o] F5HoE EARNe
58-rRNA coding gene© ZHE] tjz}elgt primer 5R-1(5°
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TCT-TGG-CGA-CTA-TAG-CGA-TTT 3’)3} primer 5R-2(5’
ATC-CTG- GCG -ATG-ACC-TAC-TTT 32 A&t}

Template DNA©l| 5 402] 10XPCR buffer, 1 ©02] 10 mM
dNTP, 20 M primer 22t 1 u, 0.5 U2] Tag polymerase
(Boehringer Mannheim)@} Hgeko] ZFE 7lslo] AAE
50 0 "FE ¥ DNA Thermal cycler(Bio-Rad, USA)E A}
gsto] PCRE AJef3loict. PCR WHg-2712 2 94TollA] 5
E7} denaturationdl 2 94°Col|A] 1XE denaturation, 55°CollA]
1% annealing, 72 Col]A] 1 extension© & 303] =vH2 R|3js}t
3, mpAEke g 72CollA] 1087 extensiond}Sich HE-g-ol 10
W= sl 2% synergel(Diversified Biotech, USA)ol|A]
100VE 1A17F A7]ed%53 & ethidium bromide 2 o3 Ms}o]
118 bpe ZZAES Tl e UVslollA] polaroid 667
filmo.2 zredalolc).
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2) Southern hybridization

PCR F3iHEe] Solds &lsly] $lste]  Southern

hybridization AJfstde}”. = A7|ed%E Z8 & agarose

denaturation,  neutralization’] 2]s}-31,
vacuum transferE ©]-8s}o] Hybond-N membrane(Amer-
sham) 2.2 DNAE- #Ho]A]7l & membranes 71ZA)7|5L UV
USA)ol|A 387} crosslinksl$ict.

Membrane-g hybridization bottleol] ¥37 hybridization buffer[5

gel & depurination,

cross-linker(Spectronics,

XSSC, 1% blocking reagent, 0.1%(wt/vol) N-laurylsarcosine,
0.02% SDS]E 7}slo] hybridization oven(Hybaid, UK)ol|A]
68C, 1A)7ls<t prehybridizations}il probe DNA7Z} $HG-=
Al hybridization buffer2 vlo] @& ohe, 68°Col|A] 1247+
B¢k Hkgsledck  Probe  EFTS L
serogroup 12] chromosomal DNAZE- template 2 &} A7)k
WHog PCRe Al3¥sto] 118 bpe] S3H4HEa odal 100%
olelg-&E ZA AA3E & digoxigenin labelling kit(Boehringer
Mannheim) & AH&ste] Alzs|Ae] AN AlRtslgl o

hybridization bufferel] 7}s}l7] Z1Aol| 1057F 3FodA] #HAIA
Ztl. Hybridization 23 3 membrane-S 7Ho] 2xSSC,
0.1% SDS &loll 68CollA] 1554 23] A|Xslar F7] Foll
A AzAZl e DIG DNA detection kit(Boehringer
Mannheim)& A8}o] digoxigenin-labelled probe?} 73t
DNA bandE 7Z3l9jcl. =, membraneS buffer-1(0.1 M

pneumophila

maleic acid, 0.15 M NaCl, pH 7.5)2& 1&7 AL %
buffer-2(1% blocking reagent in buffer-1) 150 mlol] 30E-7}¢
WX ok, buffer-l2 ZpEAl Tl Wl
antibody-conjugate solution(8.( antibody- conjugate in 40 ml

buffer-1)ol] 3057 wkeAZIch 150 mle]  buffer-132
membraneS 1587 F W Ao]Fx  buffer-3(100 mM

Tris-HCI, 100 mM NaCl, 50 mM MgCl,, pH 9.5) 30 mlel] 2
B2+ ubx]glk & color-substrate solution(45 y¢ NBT- solution
and 35 u¢ X-phosphate solution 10 ml buffer-3)o]] HF-X]71
t}. DNA band7} ®FAIE]m 100 ml9] buffer-4(10 mM
Tris-HCl, 1 mM EDTA, pH 8.0)ol]4] A& % w4 K3l
t}.
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StHTable 1).
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Table 1. Legionella Strains Used in the Study

Strain Species, Serogroup Source
reference L. pneumophila
serogroup 1 ATCC33152
serogroup 3 ATCC33155
serogroup 4 ATCC33156
serogroup 5 ATCC33216
serogroup 6 ATCC33125
L. anisa ATCC35292
L. dumoffi ATCC33279
L. sainthelens ATCC33248
L. gormanii ATCC33297
L. jordanis ATCC33623
L. micdadei ATCC33218
L. oakridgensis ATCC35761
L. pneumophila  ajr handling unit in 3rd
. floor
enylronmental L. pneumophila faucet in the intensive
isolates :
care unit

L. pneumophila faucet in 763 ward

pneumophila lung aspirate of

SLE patient
lung aspirate of
SLE patient

clinicall

isolates .
L. pneumophila
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EA)%] DNA probeE AlFste] A&3lct 5, 10 X primer 2
ul, 5Xreaction buffer 4 0, rRNA(E. coli 16s- and 23s-
tRNA, 4 pg/ul) 025 ui, DEPC-water 10.75 09 =358
68°CellA 57k 7hddt & Aow A3 Ak 10x
dNTP 2 09} AMV-RT(25 Ujul) 1 plE Y 4 & 2T
ollA 1A17F 5k HEEAIZE) 4 M LiCl 2 u62} cold ethanol
50 wE W ¥ 13,000 xgollA 1587 FAE S 70%
ethanol 2 #o]F 3 pelletS TeiA TE 20 uloll HAc).
Riboprobe= AREZA 587 FFo] wWAR|ZH 2w, Southern
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labelled probeg} 73t AR P23 IFslgich
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Table 2. Detection of Legionella Species by Culture and
PCR with Southern Hybridization in 20 Sam-
ples Collected from the Hospital Environments

Sample Sou@;rn
No. Source Culture PCR hybl.'ldlza-
tion
1 radiator of hemodialysis room no growth — -
2 dialysate of hemodialysis room no growth — -
3 faucet of 809 ward no growth + +
4 air handling unit on 3rd floor Legionella + +
5 faucet in hemodialysis room  no growth — -
6 faucet in emergency room no growth + +
7 faucet in 8th floor no growth — -
8 faucet in intensive care unit  Legionella ~+ +
9 faucet in 917 ward no growth — -
10 faucet in 955 ward no growth — -
11 faucet in laboratory no growth — -
12 faucet in 717 ward no growth — -
13 portable water of
intensive care unit no growth — —
14 faucet in 8th floor no growth — -
15 faucet in 819 ward no growth + +
16 faucet in 763 ward Legionella + +
17 evaporative condenser of
intensive care unit no growth — -
18 faucet in 858 ward no growth + +
19 portable water of 819 ward no growth + +
20 cooling tower no growth + +

1516 18 19 20

15 16 18 19 20

Figure 1. PCR detection of Legionella sp. in environmental water samples.
A. 2% Synergel electrophoresis showing PCR products(arrow), SM: size marker.
B. Southern analysis of PCR products(arrow) probed with riboprobe.
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A. Hpal ribotyping

isolates. A and B. Lanes :

A 9] 100144 S 271Rhel A AR dlA o deh A )RRl Q1T

9| 3V734== L. pneumophila serogroup 6
= X3sto] Aol 2579 Legionellagtoll sl 253%lo]
AR, ol whANSE #Z) ez} Al=FH S L. preumo-
phila serogroup 69l] 23+ Zo|w], 3ha} WAl 9odw] R4
A7} A er FAE A

n &
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ool 5 AHe] 717 Fetol Ao wasiglon), &
WY 7)ol A Ak gteln] AHoR wig F
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IAgollA] Rl ezt A =7 e] fefo] AsiAl UAE AL
AR s 2AAE vhaie] Sl AetEA AN
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gz edlel=9] A9l 85~90%< L. pneumophilaZ} 2lo]

o,
Legionellax= o] 41%(species)T} 607}A] o] A2 &Afo]
lE]a gla, G Aol ol ol (subtype)o] $low
£ L. pneumophila serogroup 1 oll= o5 50712] o}&o]
2ol oy oAMe wATem A 9. L

W, 65~70%< L. pneumophila serogroup 10|

12345678910 1121314151617

B. EcoR1 ribotyping
Figure 2. Ribotyping analysis of 12 Legionella reference strains, 3 environmental and 2 clinical Legionella

1, L. anisa; 2, L. dumoffi; 3, L. gormanii, 4, L. jordanis; 5, L. micdadei; 6, L.

oakridgensis, 7, L. sainthelens; 8, L. pneumophila SG 1; 9, L. pneumophila SG 3; 10, L. pneumophila SG
4; 11, L. pneumophila SG 6; 12, L. pneumophila SG 5; 13, 14, 15, 3 environmental isolates; 16, 17,
clinical isolates. Note that lanes 13, 15, 16, and 17 showed the identical patterns to that of L. preumophila
SG6, lane 11, as a reference strain in both Hpal or EcoR1 ribotyping.
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