7+ A 323 A 1% 2000
Vol. 32, No. 1, 41~48 g

Resistant Patterns of Clinical Isolates of Trichomonas vaginalis against
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Background : We thought that nitroimidazoles in-
cluding metronidazole had been overused empirically
for treatment of trichomoniasis in Korea. But there
were not any reports about in vitro-drug susceptibility
and distribution of resistant strains of Trichomonas
vaginalis up to date. Therefore, we made an experi-
ment in order to observe the susceptibility of clinical
isolates of T. vaginalis to a variety of antiprotozoal
agents.

Methods : Twenty-six strains of T. vaginalis iso-
lated from 217 patients afflicted with the increased
vaginal discharge were tested by Meingassner’s mi-
crotiter plate method in newly devised anaerobic box,
in which anaerobic and microaerobic conditions were
more easily manipulated. The agents used in this study
for testing the minimal lethal concentration (MLC) to
the clinical isolates were as follows; nitroimidazoles,
doxycycline, Zinc sulfate and gentian violet as chemo-
therapeutic agents and povidone-iodine as vaginal
cleansing agents were studied.

Results : In anaerobic culture, according to anae-
robic resistance cut-point (minimal lethal concentration
>3.1 ug/mL) proposed by Miiller etc., metronidazole
(MTZ)—, tinidazole (TNZ)- and ornidazole (ONZ)-
resistant strains were four (4/26, 15.4%), two (2/26, 7.7
%) and two (2/26, 7.7%) strains, respectively. Among
these resistant strains, two strains (G7 and G16) were
resistant to two drugs and one strain (G20) resistant
to three drugs concomitantly. Their resistance range

was narrow as 6.25~12.5 pg/mL. MLC of clotri-
mazole was >2,000 pg/mL in all strains, econazole
was as high as 62.5~250 pg/mL and miconazole was
also high as 62.5~>2,000 pg/mL. In microaerobic
culture (O, concentration <5%), all strains showed
lower MLC to MTZ, TNZ and ONZ than >100 g/
mL (aerobic resistance cut-point proposed by Miiller
etc.). MLC of doxycycline ranged 62.5 to 250 pg/mL
both in microaerobic and anaerobic conditions. All
strains of T. vaginalis growed well in 3,000 pg/mL of
povidone-iodine. 22 strains (84.6%) among 26 T. va-
ginalis strains showed MLCs of 3.5 mM~7.0 mM to
zinc sulfate. Gentian violet showed 15.6~62.5 pg/mL
of MLC.

Conclusion : In absolute anaerobic culture, 4 strains
(15.4%) among 26 T. vaginalis strains were resistant
to metronidazole. But these 4 strains were not resistant
in microaerobic culture depending on Miiller’s aerobic
resistance cut-point (>50~100 ug/mL), the value de-
cided in normal O, pressure. Vaginal PO, is 0~28mm
Hg (median 1 mmHg) at healthy or trichomonas-in-
fected women. Therefore, we think that his aerobic
resistance cut-point value is hard to be available in
microaerobic condition and microaerobic resistance
guide-line is to be established newly. (Korean J Infect
Dis 32:41~48, 2000)
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(tryptose or trypticase 20 g,
yeast extract 10 g, maltose 5 g, ascorbic acid 200 mg, L-
cysteine - HCl - HbO 1 g, KH,PO4 800 mg,
K,HPO, - 3H,O 800 mg, Distilled water 900 mL, pH 6.2;
e P BFele] g $9 BEE T WAE A2

S, 56T 303 ANelste] of3}h WFY T BHL 10%
A Brksta viA] 1 mL¥ vancomycin HCI 100 pg/mL,
streptomycin sulfate 1,200 pg/mL, clindamycin phosphate
150 pg/mL, mycostatin 37.5 pg/mL H7FY)S 1 mLy EFE
gk ulA 43 FEel HEsto] o] Figure 13} o] A
AL €7] A §A8 50 cc cornical tubeol] ol =%
T 3 ccE Hrkelo] @] HElE WAL 35T uigTelA
FABEE B A3 Fof] AR FAh 50 cc cor
nical tube transport method,+ th23} 7t} Sodium boro-
hydride (H, “H48-8) 35 mgs FEo] "l ofefjdfel] Y, 1
ol BARE A DS F, BAW 9o 24 18R
412 sodium bicarbonate plus citric acid (CO, AJ-8)E 80
mg$ 9 vk, vhAl Agekel AW Yotk W)
o4 AT AmVE uEe] Sele], T4 el
i Hlo|ZE 330 At Fola wig FHul d7go] A
= T olojA] S 3 ccE Al FA vE B

siste] 7] 4UE fEsigie

anhydrous

Microcentrifuge tube
for sampling

Cotton & palladium catalyst

Sodium bicarbonate plus
citric acid 80 mg

Sodium borohydride 35 mg

Figure 1. A photograph of the anaerobic pack devised for
the transfer of T. vaginalis in this study. “Cap of micro-
centrifuge tube is pierced by needle for ventilation.
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AAR 271 WEZS wet smearS 3lo] 400x Hul7g o
E wEAel e A5 yeast, 8l clue celld] {75 =<
sllon, W AME-S vancomycin HCl 100 pg/mL, strept-
omycin sulfate 1,200 pg/mL, clindamycin phosphate 150 g/
mL, mycostatin 37.5 pg/mL-& *7}8t 5 mL modified Dia-
mond mediumel] %Zs}o] anaerobic jar (BBL, Gaspak 100
TM system)ol] Blo] A 37%0]|4 48A|7F vljoksta S+ X
ELEE wiAlell Al wiekste] AlF 2de flgich

3. & EZIARLA RF9| B

Ut T AR ok 952 B8 A TRVl
FhellA] 4,000 pmez P4 Felskar At S A
(pH 7.2)Z 23] K44 A¥sto] 10% dimethyl sulfoxide, 10%
S ) Sl Eele] 15% 7} EIAl Fq-l
I o]E Wi Hikg FH(NALGENE CRYOWARE, Nalge
Company, Rochester, NY, U.S.A)oll 0.5 mL4 H3lo] 4
CollA 4A]7, -207CollA] 1417, -80°CollA] 117 BEdt $
A s Bl Yol A7) HaspdA LA Ao AHE
s}3Aet

Al 2940l AY gle dF 2655 HA A& w04
7ol &8l vancomycin HCl 100 pg/mL, streptomycin
sulfate 1,200 pg/mL, clindamycin phosphate 150 pg/mL-&
3F-3-3F modified Diamond medium (pH 6.5) 10 mLo] Eo]
Q)= screw cap tubeol] E3lslo] anaerbic jarol|4] 48A|7F =
T Fsisick S AsTFEe Subels Sk fledlA
+54 Y AT 2 ARE A3 ks, EUeE wiA S
mLof| 7} 100 L4 HEslar 36417F §7] wiekste] A4
ARl Aol A Aol Ageslglel. WS Mein-
gassneru)ﬂ microtiter plate methodE ARgsl9lon oSy}
o] Ak Aq 44719l U5F5= Neubaver im-
proved haemocytometer (Marienfeld, Germany)Z U=5Z
AXFskaL, FL3k wiAZ 50,000 cells/mLo] A 3]4sl¢ict.
Microplate2] 1¥ wellol] 7} 84324]9] stock solution 100
JLE W3 205 297 WA S0 LA BEsa 1)
7}A] multichannel micropipetteS AR&slo] 2ul] Al 3|45}
gom 128 welle tzz A9} olo] 347t AFde
150 (LA FLstA T3 vhe, A AR @714 43k
o Wi 24417k A 7] AelellA wiekslsia, wlA 27

7+ 93 Al324d Al1% 2000 43

(TR 5% olshollAE $19] IS HbEsick

| B microplates =% &7]7d(Olymphus) 2. & 200 X o]
A 7 well S-S Pakele] A Aokl 959l £EAe] A
o gl welle] bl 214 wigg Al 9EF sl o
of] ti8l F A4 XA} FE(minimal lethal concentration)E I+7

sttt

5. 87| &Xiol Al I ALSH

£3] A8+ BBLAF AlE2Q] anaerobic jare §-3Fo| F
Wsle W71 e Azel el A Ak W) AAE
Aol AHgslSickFigure 2). AAhHe] A9l FE= sodi-
um borohydride®] 9Fg 717bsle] zAslic A d7] 4
HE 45317 $8liA+ sodium borohydride 6 g&, "X &
7] Bel5% olstel Ax sE)7F HEF &) SlsiAe 2.1
g% Agelgith Uxel AL EA] I 5~12% ol4
sfebs 555 G487 $)8lo] sodium bicarbonate 6.3 g}
citric acid 15.7 g& &3slo] Ag3lict 7128 HAA]F]7)
Sl ASE B 7 20 mLolgich. S ¥7] AelE o
ols}7] 9Jslo] anaerotest strip (MERCK, Germany)<, AkA
W olgdtebie) FES Helsls] Slehe] KITAGAWA
aspirating pump set (Model 400S, SGHIHLEL T MK Gt
JAPAN)= A-g8t3iet.

K

6. ALSE SREH 2 SMH|

Aol AEH FFAE Table 134 ek okale] Lol
AeAols Az Azelgn UG A2 ofst BFslo]
Agsigiet

Palladium
catalyst box

Three-way
for water
injection

Solenoid
valve for
air expelling

Figure 2. A photograph of anaerobic box for control of O,
and CO, concentration. Sodium bicarbonate plus citric acid
(each 1 molecular weight) and sodium-borohydride were
placed in each beaker.
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Table 1. Antiprotozoal Agents Used in This Study

Agents’ Diluents pH
Metronidazole 10% DMSO+0.2% 6.52
tween 80 in D.W
Tinidazole " 6.23
Ornidazole " 6.0
Econazole " 3.9
Clotrimazole " 6.54
Miconazole " 4.0
Gentian violet D.W 6.0
Zinc sulfate D.wW 5.52
Doxycycline HCl D.W 2.53
Povidone-iodine D.W 2.47
(Zinobetadine®)

“All agents except povidone-iodine (Hyundae Pharmarceu-
tical Co.) were purchased from SIGMA Co.

Table 2. Isolation Rate of Trichomonas vaginalis in 217
Vaginal samples

No. (%) of positive

No. (%) of positive i v “in modified

wet smear Diamond medium
T. vaginalis 28 (12.9%) 26 (12%)
Clue cell 60 (27.6%) ND"
Yeast 21 ( 10%) ND

“not done

2657(12%)FJ k. AedAel clue celle] Eolxl A9+ 60 (27.6
%), LEE Bl 7oL 21 (10%)A0] <K Table 2).
2. 87| MEHOJM nitroimidazolesOf CHSt
& XA} SE
A} §7] delellA Miiller Fo] AXZE A Eg|dFubx~
ol] thgk metronidazole WA T4 7|59l 3.1 pg/ml-S %23}

38l Y=F+= 45FZA] metronidazole, tinidazole, ornidazoleol]

thste] oRF WAS THA glglen, olF dFES AR
22} WAS B9th thE nitroimidazole < econazole, clo-
trimazole, miconazoledl|&= A ¥=F71 wf$ =& WS
Holow, shllzuElelels AEHoR Wol AdEudle
clotrimazole AA| Y=F71 Ad Hi =EoAHE =4 &
9}tH(Table 3).
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Doxycycline2 92%2] %50l thsle] 125 pg/mL o]
sle] MLCE Hit). Gentian violet® 95%2] Y=F7} 62.5
pg/mL oJslollA] $HH AHE °3UP. o] 4 <kAl= nitroimida-
zolesol] tal WAlo] AXrl =& Yol 93 73S X
29 A%, el @ 4 ke A% Sl Mo}oa
ol thallAl 84%2] Y=F7F 7 mM olale] kol FpEAle]
Uk ofed > A Eulf HellA] 4.5~7 mME FA] &
f510] Gk BAolle] Bz tde] UFFESel 7 mM
ofstoll ] AEsR irRe] YEFSe] okgle] gl
A= Ae® FAEYr) Povidone-iodineS A :weltdolz}
£ Agalew feisn glerh A4l 3000 L
o] FEEE AFo] ¥ FA| A}rHTable 4).

Table 3. Minimal Lethal Concentrations (MLCs) of Nitroimidazoles to 26 Strains of Trichomonas vaginalis in Absolute

Anaerobic Condition

Compound Range of N*ILC mean of MLC No. of resistant Name of strains
(1g/mL) (g/mL) strains (%)

Metronidazole 0.78~12.5 2.67 4/26 (15.4) Go6, G7, Gl16, G20

Tinidazole 0.78~6.25 2.37 2/26 (1.7) G16, G20

Ornidazole 0.78~6.25 1.95 2/26 (7.7) G7, G20

Econazole 62.5~250 26/26 (100)

Clotrimazole 2,000~ >2,000 26/26 (100)

Miconazole 62.5~2,000 26/26 (100)

“Resistant cut-point is >3.1 ug/mL determined by Miiller et al.



Table 4. Minimal Lethal Concentration of Several Anti-
protozoal Agents in Anaerobic Condition

Compound MLC ( pg/mL) NOS' tr(a?n)s of
Doxycycline 62.5 4/26 (15.38)
125 20/26 (76.92)
250 1/26 (3.85)
500 1/26 (3.85)
Gentian violet 15.6 5/20 (15.4)
31.25 8/20 (40.0)
62.5 6/20 (30.0)
125 1/20 (5.0)
Zinc sulfate” 3.5 mM 3/26 (11.54)
7.0 mM 19/26 (73.0)
>7.0 mM 4/26 (15.4)
Povidone-iodine " >3,000 26/26 (100)

“Zinc concentration in prostatic secretion of normal men
range from 4.5 to 7 mM.

"Usual dosage of Zinobetadine recommanded by pharma-
ceutical Co. is 3,000 pg/mL.

Table 5. Minimal Lethal Concentration (MLC) of Nitro-

imidazoles and Doxycycline in Microaerobic
Condition”
Compound MLC No. (%) of mean of MLC
P ( pg/mL) T strains ( pg/mL) T

Metronidazole  <1.95 1/26 (3.8%)

39 526 (19.2%)

7.8 4126 (15.4%)

15.6 4/26 (15.4%)

31.25 11/26 (42.3%)

62.5 1/26 (3.85%) 20.05
Tinidazole <1.95 16/26 (61.54%)

3.9 6/26 (23%)

7.8 4/26 (15.4%) 33
Ornidazole <1.95 11/26 (42.3%)

39 9/26 (34.6%)

7.8 5/26 (19.2%)

15.6 1/26 (3.85%) 427
Doxycycline 125 15/26 (57.7%)

250 10/26 (38.5%)

500 1/26 (3.85%) 187.5

0, concentration is <5%.

TAerobic resistans cut-point proposed by Miiller efc. is
>100 pg/mL, but this cut-point was determined in normal
air pressure.

T Arithmetic mean of minimal lethal concentration to T
vaginalis 26 strains.

Z 3 Al3249 Al1% 2000 45

4. O0|M| &7| MEHOIA nitroimidazole1}
doxycycline2| XA XAl SE

7] Aol 2 MLCE X9l metronidazole, tinida-
zole, ornidazoleol] thele] A4 FE 5% o]l uwlA| &7]""
HollA] H4& XA =55 24319tk Metronidazole?] 7
el Ao kA Eebe vAl 27] Adelloln] Fg Aol o)
W F7Hke] | mmHg Aol e AF7tAe] 3714
WAARES oiF-E sk diZiskele] 2714 AdelellA] o] F
olfa o A} 37 Adle] WA 7IEe] 2100 pg/mLo
2 QARG o] waliA] AW Ak sl fARE Al
2] WA 7]50] 9llth. Table Soll4 Hi= wvle} o] %7
4 WY NS 2akle A9 gAT
+ 12 F7h “Vﬂ 714 wiekellA Ao 3714 WA 71E
3.1 pg/mLe] 108 o]Ae] MLCE H$lew, tinidazoled}
ornidazole®] MLC+E AthA o & U9kl Doxycycline?] 73-%
= 7 Aelst 2 AolE HolA] ek
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UaF2 o] 7 Fi| s S AAlFel =7)
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metronidazoleS H|E3} nitroimidazoles AlE2] <¢kA|Sol| o
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olof] 7QlsbH 3714 WAL ferredoxin Akl AL Zhas
2 A Edmmissl olE BHSAAE See] 7ol
71o1gketar &4, G714 WAL pyruvate-ferredoxin oxido-
reductase®} hydrogenase®] 2ol {IAY Zrioll 7]elsl=
Aoz Huw|grF”. Metronidazole WA YPEFo] Zdo
nitroimidazole A|QY] <fAlE AT7H] XAz Qlslo]
83 2o E Zerk & AR AFelA He njehitol
7] AFefollA] metronidazole WA]Ql 470 3571 tinidazole
== omidazoleol] X} WA-E& Ho|i QlrKTable 3). Metro-
nidazole®] F-gol] wh-E Wk vl o] 71 i dE
g Zlow BaEeldt P Jeyg e, FE, FEE,

g2
WET AEF wE A A, TE 9% A A
P o g wlwA EG PAga F) QoA ent
A, A w9 el S84 8% 3ET S
g %ol W2 BRG] W kg mefi, ob

Wgel 2 93Fe] Aol nitroimidazoles s DjT Foidk
o, 7 age] $27l 24 9 4 fivh U nitroimida

zoles, < econazole, clotrimazole, miconazole2 % Ez|3 %

Uesoll 79) B 8] okE vkl EelsickTable )
5o Sl hllzlolhs 4FHeR olEE dor
mazoleS 2,000 pg/mLoldls H2 FEoAE Y3o] 4
3l9ick Table 40ll4] Hi= wlel ZFo], doxycyclined 4 4|
A F57F vk 70 sk 7] AeledlA 92%9] A%
5ol 125 pgmLollA], T2]a wpEZkA| 2 wlA|27] deellAl
577%7}F ksl AsiGick weba] Aol AlgE A5l
tisto] Al @ o 2 doxycyclines 93] e A&l He
AE %89 3 vhHo| = 4 9J-8 Zo|tl Gentian violet’®
95%°] Y¥FFEol 62.5 pgmLollA] S AHscy Kl
Fopo g AgElE oAEY dTs Mgk Skene’s gland,
Wi Bartholin’s gland& HAEs}A] Esluz® ex& 7}
A= AT, B oS W AA, S8eb AL 2
S lekar Az, Zinobetadine (A Molehs A5
o2 %] povidone-iodineS HAA ARE-EEQl 3,000 g/
mLAAE TE Q3FEe] Z4te] 4F ARelezse)
5e A5 Felgleh. B4 ollel tlehdl 8ael UEFE
o 7 mM ofste] el S vheblich oS WA A
24 2ol ool oleie] FEZ 457 mM H$lo]
Qowe®, vrel 95750 oflel 24l UE A
2 2R oled AHe A Eelzuasl il 7t
o] Hlol olelell S8 ATAL FLozH A Z4E
ZfislA] okar, Hds Aol A Eelimuisol Ast wil

A AUE ke AT Bdel FHH Fh olye] AL v

o u? |o

i

o] Ak

A elFelol i &AL WA

Al 3714 Aellolm, A& Bsto] F7b heE 1 mmHg &
So|cl”. Azte] Aol olsl, A E]IEUAE Aol
WS 7R @714 mAgelAet A diZIte] 4k =
oA ARl A A=, HERe] HeTs AHYI
ek & 4 EgIRUAE o4 Aver e 37| e
e AeellA HA RS s Aotk wehbA
Meingassner 77} A A3 $4 3714wk WA 719
>50 pg/mLo|t} Miller”7} A >100 pg/mL-g WA &
714 el WA Ag Al adlg H &= FEl7t
Adekar AZHECL In viro ZTE % WA e 74
AE57F In vivodll A= WA = ZrAY Aolekar wlst
T 2% AE3E Yolrh. 4 EfimufsFe X Ad
Q912 o] 7HAela AF7HA AAE JIFERE o8 A%
olA ae=lefof &7] wiiEelel. £ Az} mAl 3714 A
eloll A WAe] HEE A¥g 23, metronidazoleol] thdl Z]
& A TR o] 2005 pgmLER Al 7] el
HXQ] 267 pg/mLErt Ao g ZFylek whi, tinida-
zole wlAl 27149 A% 33 pgmLl, Al d7|e] A5
2.37 pg/mL, omidazole> w|A| ¥7| 427 pgmLl, Ao &7
195 pgmL2A] 7 A= wlA] 7] Aol Aoy 7] 4
gloflA] & Xo]E Ho|A] ¢gkrKTable 3, 5). w3k A ¥
714 WA 715l o WA I metronidazole®] 7,
G6, G7, Gl6, G20 S 4%l o1} 9kA 3714 7|Fdll= Go6
Z7} 3125, GT 3125, G16 15.6, G20 31.25 ugmLEH] =
T Uige] obd Aog A=l Al 3714 delet v
Al 3714 Ael(modified Diamond mediumol]4] cysteine®}
ascobate 5 A|ASIA] kL, AHLEEE 5% olskE 43D
oA 4 XA FE7F BRI GASE Kol & Koz,
A 3714 el TIES vl 3714 el A8sl] o]
ok 24 7 vk whebA] 3 oA Wiie] gle A
Eg|a ol thslo] s Agdolut 3hake] X 8A] kA9
g% 5% A8 29 55 sl wlAl 3714 Al
A2 AN 71Ee] BRxElolok & Ho|ck

lo

[=) [e]3
I =

2 A : MetronidazoleS H]Z3t nitroimidazolesol] thslo]
W M Q5EEe] A Skt g Ahedl Tl
Ae WA AsFEel B 9 e Al w3 Havt
ol gick AREL A EIRUA U3 26575 TF B
2] wjekstel ofe] 712 fAIES] T adE Atk

Hb B J20] Hel= 50 cc comical tube transport me-



thod % New modified Diamond mediumg A&}l on, &)
s A2 ARGl Az 1”3 7] Al A 37
Aol uwld] F7]AFElE Meingassner®] microtiter  plate
method 5 AH&3te] Addslgict.

4 1A THE R s 3 217HE A ERlA
Bupe 3rte] FEE 28WeR 13% AR A §Y
BokA] metronidazole, tinidazole, ornidazoleol] WAJo] Y+
OFAl= 7+ 4, 2, 2FEA vl Ay W ASFES 3
ofAlell el A& wxt WS Hdck 39FA|IZkell 4 A
*=%(Minimal Lethal Concentration)2] 3ol 2 X}o]7} 1%
o} wA| 374 wfokollA&= tinidazole?} ornidazoleo] me-
tronidazoleol] H]&}o] <k& 7} ©] 93}t Clotrimazole,
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