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Background: While 7.6% of cultured genital Myco-
plasmataceae was identified as Ureaplasma ure-
alyticum, most of them were Ureaplasma parvum
(80.3%). This is the first study differentiating between
these two species. We investigated the prevalence
and antimicrobial resistance of genital Mycoplasmata-
ceae in Korean women.

Methods: A total of 150 specimens submitted to the
laboratory for culture of M. hominis and Ureaplasma
spp. were included. Detection and antimicrobial sus-
ceptibility tests were performed with the Mycoplasma
IST2 kit (bioMérieux, France). The identification of
Ureaplasma spp. was performed by PCR, and muta-
tions in drug resistance genes were investigated by
PCR and sequencing.

Results: In total, 66 specimens (44.0%) were positive
for genital Mycoplasmatacea: U. parvum, 53 (80.3%);
U. urealyticum, 5 (7.6%); M. hominis, 2 (3.0%); mixed
infection, 6 (9.1%). Susceptibilities of Ureaplasma
spp. to erythromycin, azithromycin, clarithromycin, and
doxycycline were 86.0%, 80.7%, 98.2%, and 94.7%,
respectively. The susceptibility of Ureaplasma spp. to
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ofloxacin and ciprofloxacin was 47.4% and 17.5%,
respectively. The S83L mutation was found in the
ParC subunit of the ofloxacin-resistant (5/7, 71.4%)
and the ciprofloxacin-resistant isolates (7/14, 50.0%).
One M. hominis isolate showed resistance to eryth-
romycin, azithromycin, and clarithromycin but sus-
ceptibility to josamycin, pristinamycin, fluoroquinolo-
nes, and tetracyclines.

Conclusion: The prevalence of genital Mycoplasmata-
ceae in Korean women was 44.0%; most of them
were identified as U. parvum. As more than 10% of
Ureaplasma spp. showed non-susceptibility to eryth-
romycin and azithromycin (15.5%, 20.7%), a suscept-
ibility test is needed prior to use of these antibiotics.
Further study is needed about the clinical features of
infections caused by U. urealyticum vs. U. parvum
and their associated resistance mechanisms. (Ann
Clin Microbiol 2016;19:13-19)
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HhSofl whel 7l o] thEA velhd Aolelar slgiv)

Ureaplasma®} mycoplasmat® A|EH o] glo] wElZle(4-
lactam) A|Alol] oJ2l] AA|=]A] ¢k, whulA 4] Aol 2
3= vl 2 elo] E(macrolides), B Eg}Alo]EE (tetracycline)
= DNASAIE AAlsl= 75 (quinolone) Sl 45
Helok AR A9 A4 vpo| A Eek=ul 7l 27]ERk
Ago] glomg z7] uhite] A 715 ddskal 29 3
A ST Aot Zeds Eol7] Hl Al Foivt e
shet. oju] F2 uaEelo| = A9 e kA7) 22o]H, wia 22}
oltoll HAY 7% FAAo]E=](doxycycline)o] A&t

olgfgt wlo] T Eek=ute] wiF Bl A4 AR v
7hESEE Y] A A= AE3H kite: A
sich B AAAOA = Mycoplasma IST2 kit (bioMérieux,
Marcy I’Etoile, France)& A-&3h=tl, o] HAAHAA= U ure-
alyticum3} U. parvume] B AEZ o] 52| o] H a3}
t}. 283 nlo] I Zel=ule] CLSIONA] A|Qksl A4 7
A A4 I Mycoplasma IST2 kit (bioMérieux)ollA] AH-&-%]
© GTA 5, 7Y T 59 Koz Ao vhEx A
5 &AM 7] (breakpoint) FERF TRETHI].

Ureaplasma spp.9] A WAL vl 2ete|=o] Z-9- 9
A A-EH-¢]e] Ho] = 23S rRNAQ] erythromycin 7279
o] FAAH|(A2066G)7} Bl HFE whiA 149] wo][A208C
(T70P) or insertion] Y= L22 912 wo]g} FHlw]o] Yot
H[10,11] HE2o]ZFH > WARAR]] tei(M) = tef(M)
transposon®] marker?] int-Tnoll 2]} ribosomal protectionol] 2]
skl 12]. AEE9] 7% Type Il topoisomerases®] DNA gyrase
2} topoisomerase IVE A AB= gyrd (A2399T, C310A), parC
(G244A, C248T, G259A, T8A), parE (G1369A, C1409T, C5T,
A1280T) F7ke] wiolol]l o3l Xl ofn|:Ate] Hio]
A (NSOOL, Q104K), parC (D82N, S83L, ESTK, V3E), parE
(A457T, S470L, A2V, D427V)7} Zhoddheh10,13].
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MATERIALS AND METHODS
1. CHA

20149 108581 20149 11974A] A2A 2] A4
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150709 AAS(REEAA 142, A7 F-E23A 5, & 3)
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19415781 Zth 494 Ao]glor] 2% 1187 0] AR

2. Mycoplasma IST kitE 0|28t Ureaplasma HiZSH 3 &
Mz At

Ureaplasma®] w582 AT AAE $l8ke] My-
coplasma IST2 (bioMérieux)E A&}t o] & 7hels] A9
o ohdt ok SRR RE Aol o] =HAAE
kit Hell 9l A12FQl R1uiA]oll &3 3 3 mLE o] R2wl
Aol] YA vortexslo] lyophilized pelleto] =5 &3l wlj7}A]
Herh, 2EYS] 2l EFH AL 55 wLA BFG F
el el ke Wolrele, 37°CollA] 2448417 wlok
3 7 ol gl ole] 4 Mstz stk WAz Aol
calA Ao koS o 4719 vhe| BB ekmnlrt A
Roled, w47} weebalel 79 A9 vlo] T Ee)znle] 4
Aol 9= AL outtt. 2B M hominis$t U ure-
alyticum®| WG, 7AAS] FulFsE(=10" CFU), 3H43A
7+A); doxycycline (DOT), josamycin (JOS), ofloxacin (OFL),
erythromycin (ERY), tetracycline (TET), ciprofloxacin (CIP),
azithromycin (AZI), clarithromycin (CLA) L8] 3L pristinamycin
(PROS BEY 5 Q=% so] a1 o] AzAe] A4S v
2} st3ieh. A breakpoint’s 123} 2L ofol whe} g4
Al ZHrAE Feksldol. [ureaplasma (mg/L): erythromycin S
<1, R=4; azithromycin S<0.12, R=4; clarithromycin S<1, R
>4; josamycin S<2, R=8; ciprofloxacin S<1, R=2 ; oflox-
acin S<1, R=4; tetracycline, doxycycline S<4, R=8; pristina-
mycin S<2 mycoplasma (mg/L): erythromycin S<1, R=4; azi-
thromycin S<0.12, R=4; clarithromycin S<1, R=4; josamy-
cin S<2, R=8§; ciprofloxacin S<1, R=2; ofloxacin S<1, R=

4; tetracycline, doxycycline S<4, R=8; pristinamycin S<2]
3. DNA £Z1} Ureaplasma SH2 2|8t PCR ZAl

—70°Cell WEAIZ] wiekgols sllEst 3 A 1 mLe &
< 12,000 revolutions per minute (RPM)ol|4] 5E7F A1 Ee] gt
% A S W23 FAE 0.01 M2 phosphate-buffered saline
(PBS) 500 #LZ Aoj¥Hl 3 12,000 RPMoIlA] 527 94122
stltk. DW g0 2 AEGA17] 3 100°C water batholl A 10
w2 #Aek e 431 F 12,000 RPMellA] 537F 4tz
T AAHBS PCR templateZ A2Vt U parvum, U. ure-
alyticum B3 M hominisE THH3sle] A Sl
Stellrecht S14]0] Aokl vl & o8&}t
4. QIIMYEME S5t &N LHMREXL BHO[ZAL

vl zele| = Alg A WAZHY S AR HelE A
A7) Slsto] vhazdels Mgl FRA dlstel 23
RNA domain II, domain V, 16S rRNA L4 T+ 122 2|HE
WA FRARES] Q714 AlBElela10,15] o & vk
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Asloleh16]. FAEE AlD AL A=A AR g4, %’ 8 % ga é
@B, parC, parE ¥iol& A7) Slete] AEE WA T2 - 7 é
A7 A AldsksicH10]. | -8oa Eﬂ
V]isgg=a 5
5. 84 8 - 2es= =
o e =2
. N Tlelafza 3
T4 % AE = MedCalc, version 14.8.1 (MedCalc Software, N|lSaSa &
Mariakerke, Belgium)e ©]&3slo] #&=H 44 A& =
H|ZLE Chi-square test® =45ttt Pke] 0.05 =]kl 7 E Sfga E
AR ez ou7t ol AeR siAslsit 5 < no g =
o e =° I
= Slodcoa * %
ANl=ET=Ea ]
RESULTS = :i
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1. Mycoplasma IST2 kit| HHQF Z4TIQ} SHUR| ZiZAA H3} El NS = %
Vg e g 8
= ~ G- g o
Mycoplamsma IST2 kit (bioMérieux) S AH-&sko] wiokst 7 5 g3SS| £s
_ < farn) —~ ~ ~ = .
R LR R R MEE T ER IO E X AEERL 55
44.0% (66/150) & 1% Ureaplasma spp. 55 10* o] 42 17 5 i
ZAA(11.3%), Ureaplasma spp. 5% 10* oJs= 417441(27.3%), Tlegoa § g
L . 2 xR N
M. hominis= 173A0(0.7%), U. parvum3}; M. hominis®] 587+ VS = S oo é 2
o — ~ O ~—
42 670 AT WA 1HRA0.7%)E o] bl 2% w|.s 7 ="=| E&v
= — — - Q o
ek 2 N|ESTe e 3
PCRE ©]-g3to] T A3 At AA| ;474 6674 T e (: g
15} - & - g
S37AANNA U parvum (80.3%)2-5 FAE QI 573x|el|A] U §» 3 S § 82 ; §
urealyticum (7.6%), 273RNNA M hominis (3.0%), 67344 2|8 < - negs 25
W == =
U. parvum3} M. hominis2] %3t7k4(9.1%) .2 E4=gic), g7 elngge” T 7| gs
Mycoplasma IST2 kit (bioMérieux)$} PCR¥}2] LX|-£-5 At § Nleg = = E
AR Ureaplasma spp.7t 10 o102 wjors) 17734 % 16 s L] 4 =8
= < @ =%
ZAI7E PCRZATISE D313 1% 1433A7F U parvum, 27 Bl |T|5588 £ 7
. w . - = = = <
A7V U. wrealyticume) oM ELXE 173A= U parvum=} g é §§ SBS o =
M hominis2) B3k7ked o & AR ST}, Ureaplasma spp. 3 ‘% g5 88 <p
7} 10* oJslZ wike 4174l 571 PCRI} YX&) U Ni = Z)VU
= O
parvum 3873, U. urealyticum 37303}, M. hominis= 1734 S o | x & _ ~ =y
S S |lhaga gV
oflA] k== PCR A= F4slitt. U parvum? M, 5 vigd T EB
N ~ o = SRS
hominis®] =3E|o] 2t 6714 5 5HAZF AX|stien 17 < 2 I 2=°e S =
= T 8 g =
Aol A% PCROVA U, parvumit 4o1iet. 527197 17 8 NlEs°S 2V
Al PCROIA M. hominis 2 5749t = g §
= — ES
Mycoplasma IST2 kit (bioMérieux) S &3l Lol k] 7+ g S sdga £ 3
2] NS = e s &
T4 AAAIE Ureaplasma spp.2l ZHFAE0) 242 clari- 7 z Viee™= .S .2 5 7
= = S o =
thromycin 98.2% (56/57), erythromycin 86.0% (49/57), azi- R N N > z
= N =
thromycin 80.7% (46/57)2:0% doxycycline 94.7% (54/57), tet- 2 N Re T2 55
racycline 93.0% (53/57) L8] 3L ofloxacin 47.4% (27/57), cipro- E § %3
2 =R
floxacin 17.5% (10/57), josamycin 96.5% (55/57), pristinamycin : i§ '§ ;Q_ § % N
100% (S7/5T%ek 2A7te] F3h 2 sEEe A A5 5| % |5 3 255 |{zZ:
* =
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< 4= 5™ Table 13} 29kt}. Erythromycin, azithromycin, ci-
profloxacin®] ZrAl o] F5% 10° ok} 10" o] 4ol A
EAFeZ fosA Y9krh(P=0.000, P=0.001, P=0.035)
(Table 1).

£2|5 M hominis T35 erythromycin, azithromycin, clari-
thromycinoll= WAS e} josamycin, pristinamycin,
Ao KN E?iﬁl”

fluoroquinolones ZL2] 3L tetracyclinesoll A= Z<rAl-&

2. U. parvumd} U. wurealyticum®| Macrolide, Tetracyclinell}
Quinolone L{AREAIHO|

vtz Eete| & H|ZkA FEEl tigt 7R Ay
23S rRNA domain 112} L49} L22 ribosomal proteinsoll 4] Ho]
£ Hol 7T <= azithromycin 3777, erythromycin
47593 2 ol FF+= U wrealyticum®) 735 23S tRNA
domain 104 1234V, F230L-& L22 proteinol| 4] A132V, 1152T,
136VE HAT U parvum® 73-%- 122 proteinollA] A1218,
1136V, TI411E H3ic). 22} o] B57h HrA TellA
5 3Eo] olle defelA] ghe Zog A7E Q) 23S
rRNA domain V2| 374984 oll4+ double peaks7} Hof
Aol FA7IA E%rKTable 2).

Bl Eeto| Sl vIzkRA Tl Uit rerM) AR
int-Tn PCRZAAZAI} tetracycline WATF 474 5 3734,
doxycycline WAl T+ 3734 % 274 doxycycline intermediate
T 17AANA terM)yF-AAF = int-Tn SRR} AEgl o
W o] FFE EF U parvumolAA FEEE 10° olsiirh
(Table 3).

AEE v T i3 grd, grB, parC, parE
AR A7|ADEA 7} ofloxacin WS U parvum 73
F = 59, ofloxacin Z7HAAC 18FF =

T T Z 29, cipro-

floxacin WAIQ1 1475 5 75FllA] quinolone A4 oll FHofs}
+ S8L opu| At He]7} %]}, Quinolone WA B 5
ZWAQ) U wrealyticum 575 FollA= WAloll Frofsl= ¥
o|7} BAE| R o9k T serovarol] vle} thE ofu|Ake] %lo]
<+ H3ltKTable 4).

of

ull,

DISCUSSION

A-&3}x]o] 9l Mycoplasma IST2 kit (bioMérieux) S A&
sto] w3kl oA e] A whe|EEl=nle] BelE
L 44.0% (TEE 10" 04 11.3%, 10* o]k 27.3%) % vl$- =
Al vebgtom ole A47] npoldEek=ulrt 3kl 049
A7 W A3 o] FaL Yoo HolFe AASA Al
HoiF Koh 5{17]¢] A4z} FAsIIeh 28, U par-
vum®}t U. urealyticum®] T%-& 73k 2L o] 77} Ffjol]
A A AlBE Aoz diFEo] U parvum (80.3%) -2 &%
F9a HAe]l RuE U wealyticume 7.6%% &= A}

Mycoplasma IST2 kit (bioMérieux)Z} PCRZAA}S] F 72
9] Yx&2 =AU Ureaplasma spp.o] A AAAT

9] %ol w2} erythromycin, azithromycin, ciprofloxacinoi| 4]

Table 3. Presence of tef(M) or int-Tn from tetracycline resistant,
doxycycline non-susceptible isolates of Ureaplasma spp.

Up<10° TET-R DOT-R DOT-I
() 3 2 Q)]
tet(M) 2 1 0
int-Tn 1 1 1

Abbreviations: TET, tetracycline; DOT, doxycycline; R, resistant; I,
intermediate; < 104, titer <10* CFU in the specimen; Up, U. parvum.

Table 2. Amino acid changes in 23S rRNA domain II, L4 and L22 ribosomal proteins from erythromycin intermediate, azithromycin intermediate

isolates of Ureaplasma spp.

Amino acid related Uu Up
to resistance >10" <10* >10* <10*
ERY-I 1 0 6 1
23S rRNA 11 1234V, F230L (1)
L4
L22 A132V, 1152T (1) Al121S, 1136V, TI411 (2)
A121S, TI411 (1)
AZI-1 2 0 5 4
23S rRNA 11 F230L (1), 1234V, F230L (1)
L4
L22 A132V, 1136V (1) Al121S, T1411 (1)

A132V, 1152T (1)

Abbreviations: ERY, erythromycin; AZI, azithromycin; I, intermediate; 2104, titer >10" CFU in the specimen; < 104, titer <10* CFU in the

specimen; Uu, U. urealyticum; Up, U. parvum.
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Table 4. Amino acid changes in Gyrd, GyrB, ParC and ParE from ofloxacin non-susceptible, ciprofloxacin non-susceptible isolates of Ureaplasma

spp.
Genes related Uu Up

to resistance =10 <10* >10" <10*

OFL-R 0 0 3 4
grd
arB
parC S83L (1) S83L (4)
parE A429S (1), P446S (1)

OFL-I 2 3 5 13
grd D112E (2) D112E (3)
orB
parC A125T, A136T (2) A125T, A136T (3) S83L (1) S83L (1)
parE

CIP-R 2 2 6 8
grd DI112E (2) DI112E (2)
orB
parC A125T, A136T (2) A125T, A136T (2) S83L (2) S83L (5)
parE

CIP-1 0 1 7 21
grd D112E (1)
B
parC A125T, A136T (1) A136S (1)
parE

Abbreviations: OFL, ofloxacin; CIP, ciprofloxacin; R, resistant; I, intermediate; 2104, titer>10" CFU in the specimen; <104, titer <10* CFU

in the specimen; Uu, U. wrealyticum; Up, U. parvum.

Fofgk Aol s Hol AEShE kite] A AL A=
inoculum®| FFFe W= Ao AZAE Gt st Fs e
gelsto] A Al s F7HA Q) Adel Had
o7 A7) w3k FY AlGe] oAl vl E A Eo
SkAllol] ulg} X}o]7} 9l A] clarithromycin 98.2%, erythromycin
86.0%, azithromycin 80.7% O 2 =9ka &2 Al 7+
A& ofloxacin®] 47.4%2 ciprofloxacin (17.5%)ol B]3H =9k
t} o]Z]gt Xol = FUe Ao g A8t Koh 5{17]¢]
AT A% gBA 7HEAEo] clarithromycin 88.6%, eryth-
romycin 82.9%, azithromycin 75.2% ZL2]3L ofloxacin 56.2%,
ciprofloxacin 152%%Z ARG CE Elo]7]9] A 18]olA =
nlz 2glo] =9} FEEAY BF clarithromycin 88.9%, eryth-
romycin 59.3%, azithromycin 55.6% ZL2]3L ofloxacin 11.1%,
ciprofloxacin 7.4%2% T & ZHFAES BT, Foll4e
AH1919kE nkaEEte| = Al Ao AEE Al
£ ofloxacin 22.1%, ciprofloxacin 5.8%% U Y& ZH<FAES
B9} olelgle] d7H20]9}= clarithromycin  79.5%, eryth-
romycin 69.1%, azithromycin 73.7% ZL2]3L ofloxacin 38.7%,
ciprofloxacin 11.7%2 B]2%3 FAsFGAE 2920 oA
211914+ FAEE Aldo] ofloxacin  90.3%, ciprofloxacin
80.6%% ZHrAdEo] =9kt

POUR (RN

—_

KitE o]-&sfo] A TP vfehd WA} 47
AR g Fotel FAA A ARl AARE B F42E
g WA e AR E AT E A3 v Eete]E b
A FFolA B4R 23S tRNA domain 1194 L49} L22 ribo-
somal proteinol|4] Hol= BE oju| At Ho]7} nfm Zaleo]| =
AT R Ho ShAlNA ] QAR L §le AR
Azl ek, dlEeto|ERl WATTAAE 75% (3/4)l1A
WAL tef M2t int-Tng 7FAL dQiet. A=E WA U
wrealyticum @A AL gyrd DI12E, parC A125T, A136T7} o
2= 9l oL} o] & Wo|& serovarol] uhE olu|:=Ake] Xjo]E H
35 vh gl wolod A[22] WA AR L e ZeE A
75| glet. ofel] vl AFE WA U parvumoll A< parC WA
Aol 2 Al S83L o]t Ho) 7} ofloxacin W8T
FollM= 7T7Al F 5TF(T71.4%)0llA ciprofloxacin WA T3l
A 14734 T 787(50.0%)04] s 9l om, 10" ofstolw
A WS KRl ol A Az o)7L 9l vlgol T
=2 73%kS X} Schneider 521]¢] 37llA1= Mycoplasma
IST2 kit (bioMérieux) 727} ciprofloxacin B|ZH-A 5 137
T 27te] CLSI Aol w2 wlAls =84 o2 Al 3s
uf] v ol ol om, WAl Hofsle FAAHo| = 17l
At 2] 9o}, whebA], Mycoplasma IST2 kit (bioMérieux)S-
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0|88 quinolone 74 ZAzte] Aol el &5 o
W AAZ A77 Desteh i, 27 F el parE A4295,
P446S o] At Wo| 7l IE =1, 0] serovarol] whHE %}
otz olrjol] o] wole] sluol] thallAliz 3 AT Les)

o

p

ZAEZ© & Mycoplasma IST2 kit (bioMérieux)E ©]-&3
A7) nlo] FZa}zn} FAE-L 77 20001 FAFEoA A
Ao} AR A3 Hla[17] kiteh PCRAA 742 2
& =A Jebdt. Ureaplasma spp.7}F wlk=l= 734 5 o
(80.3%)7} U. parvumelo A U. urealyticum®¢ U. parvum-<
Hale] Hasl= Zlo] desh, F 7HA] #Fol LelH
Ao M kel Aol wizk Ay Qs
Ureaplasma 7%-2] 10% o]“dellA] erythromycin?} azithromycin
ofl ¥IZ=FA(15.5%, 20.7%)s Ho|BE o] AlEE A&slV]
A A A 298 Zlo g A7t 7| AdEAE 5
gk Aol o wiekol 7wkt ShtA] WA YA e
B2 Joror) B odfollA= CLSI guidelineol] whE 7HA
Al A7} obd A3t efflux pumpE HI33F vkt WA 714
ofl tigk FAAA A= AlRlskA] F3t Alzbile] vk %
ureaplasma®] SHEA| WAl tizk 2152Q1 I4l3} A7) F
o3 Aoz Helrh

)

ru:[o r-?l oX

O

3
A

il
et nii

oo
<t
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HHZ: Mycoplasma IST2 kit (bioMérieux, France)Z 725 27| mycoplasma 5 Ureaplasma urealyticum=- 7.6% &=
b T8 82o] Ureaplasma parvum -2 53 =9 TH80.3%). U parvum} U. urealyticum-s FrHeE 212 B 471 Ao
2 AAEL ¢ 44 9] ureaplasma 2] &7} A WA Lol ) 3k

HHH: 20141 1090014 1197FA] A4 B 10l 4] Mycoplasma IST2 kit (bioMérieux)E AF&-3to] ik 150734 E ol
© 2 9t} Mycoplasma IST2 kitZ vk} g4 A HAAE SFA3L Ureaplasma spp. 5732 $18ke] PCR ZAE,
WARAA ol & B7] $13te] PCRI} sequencings Al3¥3loic).

A1} AB2A7] mycoplasma] FAE-S 44.0% (66/150)Q3L I 5 53 (80.4%) AAT} U parvuml- 2 EARE Y .0H 5 (7.6%)
A= U wrealyticum, 2 (3.0%) ZAA= Mycoplasma hominis, 6 (9.0%) 7AX+= 5-871& B3} Ureaplasma spp.ol] Tk
AT EL erythromycin, azithromycin, clarithromycin®} doxycyclineoll Al ZH2F 86.0%, 80.7%, 98.2%, 94.7%%3L
ofloxacin, ciprofloxacinoll A= Z+2; 47.4%, 17.5%33c}. Ofloxacin WA T59K5/7, 71.4%), ciprofloxacin WAl ol 4]
(7114, 50.0%) ParC Hol9] S83L ol Al o) 7} ZHZ kx| Qde), &l FFe]l M hominist erythromycin, azithromycin,
clarithromycinoll = WA=, josamycin, pristinamycin, quinolone, tetracyclineoll= Z5rAlS 22 Bl

AE: g9l o349 A7) mycoplasma®] H2]E2 44.0%3 2 HE-E2 U parvum©) e}, Ureaplasma spp.2] eryth-
romycin¥} azithromycin®] B]ZHFAEo] 10% o] Ho| 22 (15.5%, 20.7%) o|& FAE A-gsl7] A AT 1A}
H o3k = QI U wealyticum®} U. parvum Zrd 22 Q1 JAE okilxtolol WA 7] Aol gt 3 o137 H ek
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