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Antimicrobial Susceptibility Patterns of Legionella isolates in the Environment
and in Patients
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Background : Antimicrobial susceptibility of Legionella spp. has rarely been studied in Korea. There-
fore, we aimed to determine the susceptibility of Legionella spp. to various antibiotics.

Methods : We assessed the antimicrobial susceptibility of 66 environmental and clinical Legionella
isolates collected between January 2001 and December 2008 from Korea and Japan. The minimum
inhibitory concentrations (MICs) of 6 antibiotics, namely, azithromycin, ciprofloxacin, clarithromycin,
clindamycin, gatifloxacin, and gemifloxacin were determined by the broth microdilution method using

buffered starch yeast extract broth.

Results : The MIC ranges of the 6 antibiotics used against the Legionella isolates were as follows:
0.004-0.062 ug/mL (azithromycin), 0.002-0.5 ug/mL (ciprofloxacin), 0.004-0.5 ug/mL (clarithromycin),
0.12-4 ug/mL (clindamycin), 0.002-0.12 ug/mL (gatifloxacin), and 0.008-1 ug/mL (gemifloxacin).

Conclusions : Legionella spp. isolates from Korea and Japan were most susceptible to gatifloxacin.
Azithromycin, clarithromycin, ciprofloxacin, and gemifloxacin were also effective for treating legionel-

losis. (Korean J Lab Med 2010,30:28-33)
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1. Alg 25

2001 19578 20089 128704 =417t & 6659 AL
ks o &2 Akt HTable 1), W5 Y& A9 &
222 245 dAtE 305 (Legionella pneumophila 26
¢, Legionella longbeachae 25, Legionella micdadel 25,
FAF 219 9] s EE E YA #5455 (T L pneu—
mophila)e} F4F A129] 2H ufjoollA 3 327 (RF L
pneumophila) e}, AAZEE 50 ijFS I HA =2
2 AAelA T em YR edehE wjokst] Rt
o|-g-sto] mjtstAtt. #9] 5782 4U - buffered char—
coal yeast extract supplemented with a—ketoglutrate
(BCYE—a) 3F4 wljA|(Difco, Detroit, MI, USA)ollA] *}gt 3]
4e] 3J2ke BOYE- Sl le} Holgka o] 5 Ajo] %
510} BCYE- SaMAol A e Hotgtauxlol s 2
2] Eohe v R, O3 54, catalase Y =
Legionella 0.2 F7sto] g o= sAs1tt 54 %

Ay e Legionella latex test kit (Oxoid Inc.,

e r

Hampshire, UK)®} Legionella antisera (Denka Seiken,
Tokyo, Japan)& Z3f E<lslict,

Table 1. Species and sources of the strains

Number of

Sources .
tested strains®

Microorganisms

Legionella pneumophila Environment, Busan

Serogroup 1

12(11)

L. pneumophila Serogroup 5 Environment, Busan 9(7)
L. pneumophila Serogroup 6 Environment, Busan 2(2)
L. pneumophila Serogroup 10-14  Environment, Busan 9(7)
L. pneumophila Serogroup 1 Clinical specimen, Busan 4 (4)
L. pneumophila Serogroup 1 Clinical specimen, Japan 16 (13)
L. pneumophila Serogroup 3 Clinical specimen, Japan 2 (1)
L. pneumophila Serogroup 5 Clinical specimen, Japan 4 (3)
L. pneumophila Serogroup 6 Clinical specimen, Japan 2 (2)
L. pneumophila Serogroup 9 Clinical specimen, Japan 2 (2)
L. longbeachae Clinical specimen, Japan 2 (2)
L. micdadei Clinical specimen, Japan 2 (2)
Total 66 (56)

*The numbers in parentheses indicate strains grown in buffered starch
yeast extract media.
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1) Buffered starch yeast extract (BSYE) broth HHXIE
028t WH|HHX| 0|2k 3|48

CLSI guideline®] we}t BSYE broth BJA|E ©]83} azith—
romycin, clarithromycin, clindamycin, ciprofloxacin, gati—
floxacin, gemifloxacin®l thgt 2|4 A= (minimum inhi-
bitory concentration, MIC)E ZA3FITH7, 8]. 96—well micro—
plateol] ZF2+e] YA SE== 0.002 ug/mLA 32 ug/mL7F
2| At 3|4t o McFarland 0.59] o $-GHL SaF 4
7¥8F3ict, Bk 37 C oA 48A1ZF AlYalTt, MIC T 24]
ZF Ao 0.2 mg/mL2] p—iodonitrotetrazolium (INT; Sigma
Chemical Co., St. Louis, MO, USA)Z 40 uL. Z7}3}o] ujoks}
qict. vfFetof wto] HSshH INTE| thal I 0.2 laf vijx] 2]
Azto] g o2 Watn e 70 jSl7L Gl 7MY w2 5=
= MIC Fo2 A3t & A= o502 AAE
11, 5 9= L pneumophila ATCC 331525 AR&-3Ftt,

2) BCYE-aZ 0|28} E-test

BCYE-a 3H v z|of| A HAulx] ] 340l ARG 3
AL} FYe T2 FHATE 23 E-strip (AB Biodisk,
Solna, Sweden)= ©|-8-510] MICE &74313tt. W2 McFar—
land 0.59] ¥ #7942 BCYE—a T3 wiAlo] YA HE3t &
oA HARGE 6714 =t A|9] E-test stripe ETH A&t
Bt w25z 37 C oA 48A17F i F $ MICE H=5513itt.
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B o] de Aol ZelE Aolal HE & e
AR QI Aol A ZefE o] R AE Blash=t| glof
A 2Rl 847} sekE 4= QlofAl, BSYE HiA|of|A] ket o
Ql Ak A o) eAt =R E eE A o 4k A A1
U 250l el 27k Bl thd o= stof A8kt

ol Aol SA18H F4-2 SPSS 11.0 (SPSS Inc., Chica—
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go, IL, USA)Z ARgatoitt. 1& 71 524l 2ol & HAsl7]
A3l t-testE Al o 47} 30 o|sh A A%, HES
74 "ol Mann—Whitney A4& Al¥sl3ict P

0.05 H|Tred wf FASFAH 07 ou] 9l= AL & westgirt,

2 Aol A ARESE A 2 dllete] gkt MICS] H 9= BSYE
A5 o]-8]F AAu|A] w|zk S o SASHAS o 2 5
o] MIC ®¥9]%= azithromycin®] 0.004-0.062 ug/mL, cipro—
floxacin®] 0.002-0.5 ug/mL, clarithromycin®] 0.004-0.5
ug/mL, clindamycin®] 0.12-4 ug/mL, gatifloxacin®] 0,002—
0.12 ug/mL, gemifloxacin®] 0.008-1 ug/mLe]At}, 7H4 &
2 MICE Y= A= azithromycin (MICy, 0.062 ug/

Table 2. Minimum inhibitory concentrations (ug/mL) of antibiotics
against Legionella spp. determined by 2 methods

Broth microdilution by

Antimicrobial using
agents BSYE (N=56)

MICs» MICo» Range MICsx MICw Range

E-test by using BCYE-«
(N=66)

Azithromycin  0.016 0.062 0.004-0.062 0.31 0.12 0.016-1*
Ciprofloxacin  0.031 0.25 0.002-0.5 025 1 0.062-2*
Clarithromycin 0.031 0.25 0.004-0.5  0.062 1 0.016-1*
Clindamycin 0.5 2 0.12-4 1 6 0.25-8"
Gatifloxacin ~ 0.008 0.12 0.002-0.12 0.062 0.25 0.031-0.5*
Gemifloxacin  0.12 025 0.008-1 031 1 0.016-2*

*Student’s t-test was performed to compare the MIC values obtained by
the 2 methods. P<0.01.
Abbreviations: BCYE-, buffered charcoal yeast extract supplemented
with a-ketoglutrate; BSYE, buffered starch yeast extract; MIC, minimum
inhibitory concentration.

Table 3. Minimum inhibitory concentration ranges (ug/mL) of
antibiotics against environmental and clinical Legionella pneu-
mophila isolates from Busan

Environmental isolates
(N=27)

MICso MICeo Range MICs  MICa Range

Antimicrobial Clinical isolates (N=4)

agents

Azithromycin  0.016 0.062 0.004-0.062 0.016 0.062 0.008-0.062*
Ciprofloxacin  0.016 0.031 0.004-0.12 0.12 025 0.12-0.25*
Clarithromycin 0.008 0.031 0.004-0.031 025 0.5 0.12-0.5*
Clindamycin 05 1 0.12-2 1 2 0.5-2*
Gatifloxacin ~ 0.016 0.031 0.002-0.031 0.008 0.12 0.004-0.12
Gemifloxacin  0.12 0.25 0.008-1 025 05 0.12-0.5'

*Minimum inhibitory concentration (MIC) values for clinical isolates were
higher than those for environmental isolates (P<0.05); 'MIC values for en-
vironmental isolates were higher than those for clinical isolates (P<0.05).
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mL)¥} gatifloxacin (MICy, 0.12 ug/mL)°| 13, 7 4 MIC
£ Yehh= A= clindamycin (MICy, 2 ug/mL)o]lch
(Table 2). BCYE—a& ©]-83t W o] Axje} vlwsl B BSYE
HIX| & o]- &3t Whof H]s] AAZSZ clindamycinol tigt
MICF}e] 7V =11 azithromycin¥}t gatifloxacin®] tjgt MIC
#rol 7P A detd= Aol tisiAle Zol7h AR A=}
7F SAEE 1A oA 38HA| 9] =& MIC gk HSTHP<0.01)
(Table 2). E3H BSYE HjA|E o83t AAul#] 342 5
o] Wh5o] ofstal ARGRE w5 - 105+(15.2%)+= BSYE Hji%[°]
A E81A] hot B o] tiet S E7HsSHH.

=Ujoll A ¥2]¥ L, pneumophila 3635 % BSYE Hj#] ]|
A HE3 31T E U EElE ol o A HAlel
A el e e s el A welE FFER o] MIC
Zrel M9 v| w2 azithromycin, ciprofloxacin, clar—
ithromyecin, clindamycin®l thall 44 AAA Eeld ++
7F $H4 ool A EelE ool vlel 1-59HA =2 4t UEt
WRATHP<0.05). 24 gatifloxacin®]l tiaiA+ JAF Al
A welE ek 2wkl A felE w522 MIC7H A2 H
2619931, gemifloxacin®] disliAl= 2318 874 F5=2 MIC7t
EUTHP<0.05, Table 3).

oA E2lE @5 % L. pneumophila T o2 &
AE 17 thE o= Aol9] MICEES H]as) K
#3759l B3l L, pneumophila @A F 130l &3b= 45
MICZko] ciprofloxacin, clarithromycin®l thste] 1-2
=9THP<0.01) (Table 4).
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Table 4. Comparison of the minimum inhibitory concentration
(ug/mL) for L. pneumophila serogroup 1 and non-serogroup 1
isolates from Busan

L. pneumophila
serogroup 1 (N=15)

. ) L. pneumophila
Antimicrobial non-serogroup 1 (N=16)

agents

MICso MICx0

Azithromycin - 0.031 0.062 0.004-0.062 0.016 0.062 0.004-0.062
Ciprofloxacin  0.031 0.25 0.008-0.5 0.016 05 0.004-0.5%
Clarithromycin 0.12  0.25 0.004-0.5 0.016 0.25 0.004-0.5
Clindamycin 1 2 0.12-4 05 2 0.12-4
Gatifloxacin -~ 0.008 0.031 0.004-0.12 0.008 0.12 0.002-0.12
Gemifloxacin  0.12  0.25 0.008-1 0.12 05 0016-05

Ranges MICs MICs Ranges

*MIC values for L. pneumophila serogroup 1 were significantly higher
than those for L. pneumophila non-serogroup 1 (P<0.01).
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BCYE—aZ o83t E-test &2 A4} HAollA &2l L pne—
umophila 305 L, longbeachae, L. micdadei ZYZ+ 25} &t
7oA E2]El L, pneumophila 32575 A2 E macrolide
AlQ FAAI azithromycin, clarithromycin, clindamycin
3} quinolone A2 FAAIQ! ciprofloxacin, gatifloxacin,
gemifloxacin® @A 73S SAsIT 1 A7 i
o] R4t} azithromycind}t gatifloxacin®]l &l MIC7k
7P @tk &3t clarithromycin, ciprofloxacin, gemiflo—
xacinol theA e A= x| edlet F=0] MIC7F 2kAIRt
azithromycin¥} gatifloxacin®l B]3}] &t =2 MICE 2%
o}, I3 clindamycinol] tidt FA8A] A dikes o2 &
Aol Blsl MIC7F 7H A Urebste), S-2fuetell A= 1989
ol ggollA] Eeld 1075 ddez A A 2
of tigt Hart iglon o el HE o= 3k =
2 IATHI0], whebA] e = FUe 2712 BCYE—«a
B 2] o) 4] 2793t ciprofloxacin®]l Wigt MIC Z¥}E v]wsf HH,
MIC range”} 0.062-0.125 ug/ml, Q1 BHH ¥ A-rojAE
7 78] MIC7} 0.062-1 ug/mLE B A et =l
A= 19908 2 Fabof| BHEE oA clindamycin®] &
Al edlel ZHSo] Aol aapAlo|glrkar sk¢lar(ll], 19909
of & o]of Wit =EEolAlE 44 quinolone AE, &
3] gatifloxacin®l tH3l] 7 ¥ MICE Btk B us3ct
(12, 13]. Gatifloxacine o|H¥ x| edlate] £2 FHeS
HEskar QAR 22 ko] g Atolla] S5 Bty ol A
O AF Al FARE QIFo] wrhe A AL o] AR
o] FAEAtH14]. Clarithromycin, ciprofloxacin, gemi—
floxacinoll that YA FHeAd A azithromycin gati-
floxacin®] B]3} ¢k} =2 MICE UERHS ¥ A g7|odl
gtol thsl] St et 7HAAL Qe Al R U, e
U clindamycin®l] thgh 2lx]dete] A HddS o
AN vlsl 7 B S Hlh

BSYE HjAE o]-&3F AAuA] vk 3483} BCYE-a&
o]-&3t E—test®, = 7HA| W o2 43 23S vl 2}
Aol gk MICS] 2fol= & vli=oll A Al vi=7RA] Lehut
= AL Ho|y BE BCYE-aE o83 E-testollAl A4 Y
ERT) ol E-testghz RS ZAI7F ok 2k ARE-EF vl A7t
BCYE-co]7] WjEo=2 vjZ] 2] $(charcoal) AJ&0] YA
O] A AAAA Uehhs @Adolthls], webs £9] Js
ajAIsE7 ] fiste] x| edetol gt oFAl 4d AR AA
o = £0] gl BSYE HjAIE ARE-Stofof ghefal Eof Qlot
[16, 17]. L2y o] gl viAlE o8k 479 gxjede}

W H
Yo Mo or

o ot
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7F AA] b= o] ZAleleh, & Aol A= F i 5 66
T FollA 565=1to] BSYE Al AF3kal H4d AR A
Al&E = QJQlth, B oA BCYE-a HiAIE o]-83F E-test
A Alegt A A et A HE e ol ofy7]
ool mAEHARE oA WA em A AT 5 ol H
ARE 2E7] QI_E AolSiet, ARt ARt 2 mE g AEA ol
thafia] AR mlgE B4 R0l Hlsl A UpA|A R 2Hd 2
I7h YefA] YH 0 R BCYE-ag 0188 E-test®
3 HARE Al )= ofels 2 o= metEt o] Aos
BSYE HiA|E ©]-&3F E-test HAlM= A9 HF2Y] #
o oAl =2717F AUAA AAX o] E7FsE¢ITHdata not
shown), o] o2 - Aol X BCYE-a v &[0l 4 2] E-test
o] MIC 2o} £ s s %= BYE HiAE o83t
T SO MIC 23 Hlasf & off YA 7+ AZol= Q
Aqt & Ao} Autel FUskA BCYE-ao|A9] E-test 24~
A Azt " 9A YeRGTH15], £3], Rhomberg 51819
Aol M= 29 FaFe AAT X E ARgsliof 3l & A
ANAAH AAH7F i A o] E7FIEE fx|edet o
9] E-tests YA+ 7129 E-stripd A HYRE &
A A8 art ekl shsich

FAE 210 et R A E QA ot 459k FAE A9 W
oA EelH 2759 iAo & §F vl alof| A azithromyein,
ciprofloxacin, clarithromycin, clindamycin®ll T3l 9A; o
F-6] MIC gto] o & Yehtar, o2 gatAlol thafiAle vls:
SkAY ko] A3} b=, vl ool | M o9
F7F Aol & Ao A ST on|E A= ol Ae2 A
ZHEIe}, 2ol @A ol whE 49 Aol M, L. pneu—
mophila B3 & 17-0] th2 EAF 9| [, pneumophila®l B]5}
o ciprofloxacin, clarithromycin®| tst] 1-294] =%+
o, ole} T2 Al A AL o AtollAE Bl
A7t 23E Zo] QItH19]. ©o|A& L. pneumophila @HF
Ixto] ARke] Adol wobA Id AyE Hilthal F4
A|gE o] AA] 2 AupkE 7HA| AL AE2S W)= ol
ZEHoR =yt dEofA RejE gAdete] A
/32 gatifloxacin®] a4 7P W2 MICE Holx|qt

.4
Tt ol e} ciprofloxacin, gemifloxacin 5 quinolone A

il

2

E |

1

A

A9} azithromycin, clarithromycin 5§ macrolide AA| = |
A edlekgo] gt 2| & oFA®E §-851 ARE 4 s AL
& 7P 9l BCYE-a& o83t A48 HAk= MIC7H
AR E} =7 Ueobs ks 283 4= glE 20 A7
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o OoF
o =

HiZ : f-efuetolls R edleto] tiet Al A HAE
Amzh B & d7e Sl o)A 2w grledet o
O gtAl Ad F= 471 Sl Al=E ]l

g 1 2001¢ 195E 20089 1297HA] g3t oA
AT F 6659 YA WS gAfo 2 ule} buffered starch
yeast extract broth #j2]& ©]-8-3}4 azithromycin, cipro-
floxacin, clarithromycin, clindamycin, gatifloxacin, gemi—
floxacin®]] thet H&AA =5 SHSH.

Za} : Rl dlzte] ghtAl MIC] ¥ 9+ azithromycin®]
0.004-0.062 pug/mL, ciprofloxacin®| 0.002-0.5 pug/mL,
clarithromycin®] 0.004-0.5 ug/mL, clindamycin®] 0,12
4 ug/mlL, gatifloxacin®] 0.002-0.12 ug/mL, gemifloxacin
0] 0,008-1 ug/mLIc}.

AE g oA EeE R edete] Al A4
2 gatifloxacin®] thafjA] 714 @& MICE Ho|A9t, cipro—
floxacin, gemifloxacin - quinolone A|A|¢} azithromyecin,
clarithromycin 5 macrolide AJA| = &L WelEo it #|
& A2 f-85A ARE 4 oS Ao Az
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