[ Downloaded from journals.tums.ac.ir on 2024-11-10]

S9 sdlio

e SBG slow 1o (FiBuo SIS 4 Cwglie
SIL O3 § (S 59) gaoc ! il 1l yosa 31 LG

byl (5 Jghite it Sl slacigie JSB cp Faild (law ()8 Glacssis
slagls 250 e dlaws s s La pailSaisT 5 ool b da o5l 5l a)le )18 05
Stnwg Cger (ST Ly (5B) polie (sladygn jobs 5 o] Copams 5250 B0
Rl (2 Bas lag)ls (il g 3 e sl il e 5 (B0 lagel
(B2 slag)ls il )3 Cueglie SlapusilSie 9 3o 1 ()90 cdalllan (pl diten
g Ja5 g (S 5 Glopd Jl oslital eg)ls & polie sl > slag)ls (s5rgcane
L oj)lee 53 slojLs i 20l (o &S 99,8yl LS 5 Lo (S gzl ol L) (gtosl
2wy dalllae g b pol (gygy0 gy 4y BuinS )l (WS dbul o )B slacsgae
antifungal drugs (¢Lasjlaa s 5l eslatwl b o )Bas Cuaglio g 3,Slos muuslSe 350
ol os jobdy S e JSleMbl sl 4> pathogenic fungi 4 drug resistance
sl adlie oyl 3L Glaal Uy 1y bl o iy S allie .05 plosl PUbMed
154l 5 2 Bass (clagyls ol )3 Csglie Ay gy e cMSEe 0 adllas 5 i
S Gl 03,8 3l wax (28 byl lp o3k Lo pglio ()8 (slaaisS
i ol 9,549, Sl gl plie ()8 Cogie 4 e (il L Ll
Cowlus lacuws s «libos gl .cusl z,B0s slag)ls & Cuoglio g (g Sy
Caoglio b 0j)lio (gl o3lataldyse (2l sl )lSal) 5 pslie ()88 slacisie (dly (a9)l>

S salgs lis )

Lm)w ‘L?iﬁ)b WBLOA 4@)[5}.@ db’9)b :lﬁb)‘g.&)s
WA/ Y/Y - dlis Oy WA/ VWY dllde ¢l

' sl S
¥ aida) sl S5
ol bl

slags,bon Giogi g Ghjgal 550 )
u_g_;,), ‘99_1:- olKuisly ‘re‘;\? 9 Cowgy
ol <ol <l
pode oSl ( S5 (gosSily
Ol (Ol i A (S
Olgd (i pg (g4ieS ¥
F}.LC oK)y cd)'l.»:})l.) «$o [ N

Ol )yt (b e (B3

gm0 (G0N o

il 4]

Ol ey lo by (Soxdy (o
St (S po-le olaily LS8
(sl )B g (wlid Sl 09,5 i
1SSl Cuny

ensiehlotfali @sbmu.ac.ir

W WA FM.cl @La.n uo)bu

bwgs Boas ¢ ol a5l ey slacail g,
e o 5 iy e bl Ui 3 ocasles
sloa g8 wadasl i slayigly edle
)90 gl (B slaligae (o 15 Cudeileyo e
ARVEINS a>gi

bSes 1) o030 Golew 8)l9e 51700 30 xS
o gbgile et dnbsiloys Lags Ysans 5 48300

douds

T8 slalisae ( > B slacisae plod o jo

o5 s Sl slacigie JK5 o yals ( oxlaw
I8 b coo 1) Glaz Camez 1Y YO I Lt
JAREYA RIFE SIS SUVOCL SUUEE SV SRTE X
Laoiely oml coodle (9am lo J3L (VLS 5

VoV .
) o

eSS slaY g5, ul> ()6 slacisac
Loyl s 38 o 13l (5o o 50) T piled 5 sy

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

O ULy LB

Vyone 5 05 00 sloml g 80 (53,10 2l 53 7,8
05 ol 9 95 905 bl Sy Lo
sladgw Ol ;o J53UsSsld 4y Cuoglie .l oo 3Lis]
DNl e gl Conglie 5 e ST I ils
Soglior plgean Glos o |y Cuoglie pom g5
Sghe 390 b Cd ity Juld a5 05 o « L
ol ol 45 el ()8 il S by
39— 7, Ba—s (59,ld 4 Kl lacas
g Sl 0090wl (Cosre )ls o (gl colaiul
5 @S 3,8 @) 4555 S9b oo polite e
G Snglie 5l g5 nl 5o Oles 42 bgaye Jalge
Shlew 3 Jsere jsbas bz B ol Cuglia i)l
(JLe loiedn) W)ls Gree g aje (Seul aki &S
Syl il eagll 555 Slge ;5 b (s is 5 50l
3 Foml cllé a5 lagh e sanlie (535 50 29
ools hlie Ol ST 86 aS” 55 50 5l sllas v
S5 ) S S8 il Cenglie ) Wl oo e
Soxmdy bl 63,8 Gloyd sla sl il Coeal
aiod az STeoslw oo iz 2 ) Hlow (JL
35 St b Gl Ceglie (g oo
Sl @B o) (x> Sl o
00 9l oo SYL! 5 Ko ns o3l

WY

|2 6l

e e gallie Vee sgam 5550 b addllas (nl )
PubMed o_ile e SLeMbl L 2ol L
O 5ls (9= 9w L 4 Scopus 4 Google scholar
Drug Pathogenic fungi Antifungal drugs ss.ds
o Slas ldpuilSe ), 4y deESISANCE 4
Ssglio Silgmedml g (2 Bad slag)ls Cuoslis
3o G__)‘) 9 JSLX__M 6L...(b5)‘~> J__g‘]g B L_.(bfo.?u
ol 4o a8 GVl il (Sngy slags)len
Wl ) asdllas 5l s oS

Vsosled ) (50,95 ARl il g Canigy

(Slr (ol s 088 e el (o (S
SoaiS datas Jslge 5l (Rl g (aedS B
A M o))l .l (2,8 Cgae ) ol
ool (oI S s 5l el G eSolegSiss|
5 95, colss o] o pudeo b (SauSs § o3U
Chy Ngbse fom plej IS L el e (]
eiS g (raliy ST 9,000 L) odlins (el
U S aniits el b o il gla s,
2>l Silgredl Slalllas 10 B9b o Cgmaee
sl 0 05} e LI (o ylons o2l Slez £
Jols o 33SuLagSiigl (souianli 5 was lagley
sla,lal; it Sloys 5 5 Joplsb (JoilsS Ll
WA zme Cuighe 5 3ge el A S5 sl 6 p iy
LB ad slag)lo 5 iS50, 5 Ggeas Joli
AL T

S Coghe Seel a8 ()8 slayiply b
DD A g Ngbige (ol i B b Lbje
FB ey san3n orlee ()8 slodsie "ol
A8 e sbml e ol 3 1, s

So 99 el (e (B Seglis
B8 a=d )l S (Gl b (5 050) 7,0
2 Bl Conls i glaggesl L oS
e Sl nl 50008 o ol alEinlej] Lo
3 e g,ls (Wl gousS g cdale J3las) MIC
Caglio sl 2 )5 il sl gt laii
(S 450 L (519) adsl &j50 90 4 (29,500
Lag8 ke Wl oo

IS5l J=8 S s ek jsbar €adsl cooglion
B eo)ls 0929 918 (om0 )3 (2,8 sl 285
Senl I ladiges 5l (2 B ladssS olulis
3 loje S lanuils Jle plgrea o)l (lgl3
R 5d e 895 (w95 S 95 S 9 Jo3bsS ol (59l
5 1 Canglie o yyilS 515

ol S ieS (523,518 5l a9l Canglior


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

ZIBas slag,ls Cwglin \dd

Slae )d JoyiwsS )|y j0 a5 Wis b oo lag ;18
5 Jlas! Joles () JSC8) o)y cdles 2,6 Jsbo
2l oo Dolite Bud qenslS )| 4 Cond b Jo3T 3G
Lol codbs Gl o Solis Lo 4y cenl Soe oS

b a8 (L8 slaaiss o Jle (lsiea) wily
wiilsi sod o g3 Lingelo aim pglio n Jg3T 4 13

VNS, L. .
L2 (ML’)J}A

V£14

ot saaline B Tyl b o Js3les 5 o blike

Yeory B
. Sl 005

3g IS sladsss

Ceoglio (559) grouy]
e 3 polie i Sl T alls gon a8l
o3k ailE L HIV a4 oogll Loy 5o Jg3Us5 518
S99 (sang o Gleys (B ) G o Sled
3o T goolawl oy o Al A cils
ln 3 Swglie (Lol ele J53L9S 58 5 Jo3UsST !
Sl o aseine glasdlas ;o wil e b )]
o Moo i pi 50l a0 i ol jlew pgw SO

&) 2 HBus gyl 3l panilSo 1) Jour

g,y covaddb
)j‘ W&o lbg,‘b B9 “‘5 .’ :
G)L"'*"’
JoibsSgls
J93b55% 599
JoibgSlug
Josd¥ e Uailigslia! .
;!
Mied 0¥ Joibgs 95
Joiles i oS
Josbgs!
Jo3bsSse
T ol i)
)‘L'.’.z..» Ol§9lf )
bl
c By ool
Jorwss)l & Jlasl o I
JRNA/DNA s . oSyl
J G257 ug..\m.gﬁ
Ladidls

P93 LS5 il 43 Caaglie
13 JsrimsY CONYF (pedlites oo La Js3]

Cell wall

& RN pue Rt * e

{ ) = lipid-bilayer
"‘__J b a “Azoles™

" inhibit
\J = argosterol

»

Lanosterol

Cell membrana

— | 14-a-demethylase

Squalene
epoxide Squalene
epoxidase

Squalene

o 53T 31 il ) S

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

Y O g ‘?bé

= D5e w5 (JoslsS ol b loys cod o
clacosie yluas Lol 51 el as 518
Jslse wijls gol> (JolSS o Jsore jsbar (2,18
(Lol cnglin slo s LaSuny ) (Go0iiS s
o als sladiss cuglio .ailoais Slulls o954
Slogyls amy Ceslin g5 Sals il pln
s o g0 e U caglin ol g us
$09=igS s Olile 50 LeoauailS () i0gd oo 0y
Ohlos 5 blore Guy JLosails (Vg (o planns
stz Hlsieas luails slaaiss T suu) 4 Sl
YL e Glwlew (G55 sladigie plo Jale
il e g S e e iload axslis sasie
Tl ool (5,58 X0 b Iyl e3> slacigis
Py S Dde Yo b (118,518 o) oo i
W 58 s 5 (e Sglsen else <ol
313 Lo nilS sl Sl Jalgs 5l ol s
e ol T e ST i il claaisS
= oy slacadle (25w 50 Glel hlew Gm 5

o
g7

3l es ) 5§ goolax el 00— ool s

Sl 4 g glogylo plyiear Jo3T slag Bas
1 . . Y7oV N

PIIPUER NP RSN BEX GO AR JUSUV-IPIPON

Al asls )...,b Jos! 4 plie

oy 1 Jo3UsS 9l ol 5o polie (Sl lpails
AARVCIS S oo

et 5® J5l s Cglie lie (S 5 basy
el Gl M sl el sloasss (n Sels
lagilS o YN B 7Y 5 i T lagils o asilis
o ilS o o LFIY L5 7o /F 51 b L
e oo 5 5T TSI BN ) el S g
ool 5l awy 45wl oo Licwl B lapuils adl
78 lacisic oloyl Jsle (e« ui S
TTosl s samxie SV o Saltups

slogyls gl o)l ganlpn oledbl yolul
Js3LsS sl &y Cusslie 59,5 (ARTEMIS) > Bos
STAY A Ye) Jlw o AV 5 LIS lanuls
g, ymesde Lot e sl gl Yo f L
logls as cnglan b cowlus e jo s
Fod Saigie sbml Cuz 4o (Sl (7 B0
L oLl 5o iSedl 8 luails laassS Lo
ssbolen M el oad 515 siea! s i
sl 00 55 Sl codlags losle Ly a5
bouls e o s ;5 JosbsS ol nly yo Ceoglie
(F US5) ol gl oy oS

L adsh plinlesl 5 (s conglin Jlgl 8
5 G i 3l @ e (ke 5o (4556

Ao —
[ J9iUsSsé @y (I Cuagli
VO I Sl i gl 55 35 & Cunglle
So—]
a0 —]
3
4 T
3 g
Yo
Yo —]
T N N N .\
CAE A A
P Y

Sl bty lojls el Sl yod IglS ST 55 5 Jo3s5 5l 4y (oIS Camglio ¥ JSLi

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

ZIBas slag,ls Cwglin A

Triazoles

O O]

O © © O Ergosterol
- = = —p — —>
P450,,,,. Erg3

C_ Alternate sterol

Triazoles

O J_@ © © © Ergosterol

— | — — — —
P450,,,y Erg3

Mutation
L

o Erg3

uJ
:“f Toxic sterol

B. Multiple

2 Fluconazole
Triazoles

Trlazoles

o Qlo o O O Ergosterol

— — —_—
Pas0, 0y Ergd

Toxic sterol

Mﬁm
i
@ @) @@

Stress Responses

i/

Triazoles

oo JUil 09,5 GUII & b5l Jo3LgSgld 4 cuogliio (A) Sl I il 55 Jg3T & Cengliio 5l pamd S oY S
Jaisl 148 Jg yiusi¥ 01 3T Bt 5 gl cilile Gials 31,1 sbol gouids JUisil gl g wSHMl b noy 31 ABC
14,8 Jg ¥ a2 51 G st b anid b Cuoglio slonal (B) (295 g0 435U 305 PAB0 5 i iy 45) jolsion
05 30 Gt o 41 3 Shas (gl (C) g o0 o0 3T colos 4 Jo3T JLail 51 (5 S glr 41 ymio 45 Dliod Jg yias!
Gogwly G2 yb 0l 3l 9 WS (o0 o 1) (2 s gmndS HSPI0 JgsUg0 (D) 398 oo (oo J ! goxi o a5 Er g3

Dguds o0 englilo 1381 9 J93T (655 Joot s 4T WS (o0 w813 1) (32 y gl 4y Al (o yins!

S;Sbos o Pty Jsho Lo feily 58 o
(F JS8) wgd oo Joboo
B sl ,ys
@B 50 9,10 poad S

o8 Gosbsl (7B sk 5 gyl pez rals
S )3 DB oo T oy S e
> Juisl Jsle glias slacntgn oniy Slogrge
ol am Lo n (nl diins (g)ls sz WS
9 o0 Jate alie e oliord 5 5 LSl SLS 5
Gtz S o gl Jsko 51T, lagT Jlab gk

Rl o Seglie ( Yy s ey (Sl CrysiedS

Ss98,50 Gl 5ss g sl 4 Gl o)l

oSl oWl ales 5l oz )8 5l slos oS b
el PP e

Lol 2l 52 Cwglis

5 Y58 (S50 B oy il wiile ol Ly
Lol oyl sloaad L bas 1o slaygnYse

2 Nt oo b B sk slie 9,8 g msS)
e e o Lo JUB LSas b o sal> 5o

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

fq Ol 9 ol

Cell wall

& RU® e L e e

() = lipid-bilayer

‘J = ergosterol

I

Cell membrane

. o Amphotericin B
binds

B e 55 9ol 51 pannilSo :F S

Y.
. é}wgc 0dsd

iz i

AL glacdile )o adlys oo b jodee 5l (S 0
Hlhas sanay placs ol (pulSsnSTMIC o>
et 5 28 555 & 4y o s o JLSpol
Fobw ojlims calo jo S pw Gl Gl F
T il 518 e 5l g 52,8
J9ywsS )| g po Sl>ol

ool 4 atly Josl lagyls > Bus coJled
— LAY o Jpams goz g (li Jg s )|
NS e iyt |, 0 a5 el i g0 - ¥a) - it
Jo s )| iy oo ;31 Jmlpo 50 i
rym Al e ERGB 5 (g5l Jeb e (31,05
5 £l (slaJy i C5 ol (g5l L
sbag)ls olos o ablite Cuwglie (il Grizen
oanlice Sl I alS 5o puilSo (il 09 Jo5!
MNEANT
stladl Ui Sl 5 &l s

U 51 g | Jal5 B Ly ol s
Sprt et a5 i iy bl
oo ale Cuglin ,3b el 5 o3 s )
ERG6 3 ERG3 1 ;5 45 gz wile cal ol
o wlS 5 ST o ails JUs slaadgnl o
.\‘YMJGQ &, LIS

Vsosled ) (50,95 ARl il g Canigy

Loy ol oassas 03 50 ol (I3 ©j50a

Togsgn Jsls 13 )l gor 1ol Crge

Dyliie ()Bas slag)ls ey WS L30

3 Syl a5 g5l I ol ) (s pins Ll

4 0digil glaaly WS o b 1y Jgsl 21y
Aiwd 95k gouisS Lgws g ATP

SBud 595 » 9yl Jli Sals

L it S 092 dag B slapasilso 500
Sl Bad o 35l (goauiSaS 5 wolasl 5l oo ol

(GeA LS aS a5 ERGIL 1 ,0 (gldbais g 5
el e ez go el Do WI_NE g 2V
Mogd o o] Gan & Jo3T ga,ls Jlasl oUlss

= Bae slam il ol G Ole Geizes
0diiSmelais ()5 Ole GRIBTL () Cagl salwga
slag laal ;o 098 o0 Jlail e )b o e
ol Bl pgig09,S gl JeSeis aiile (oag5909,5
7o )ls sg2s la sl 4 pslin slags olaws

39510 WL s3lawJolaio sl puand g2lio &yt
W y2. 009 5
Ll o> gl L BFC > Bacs so)l
Sy Loanwl Sl el (0 paan
Caglivo 4 e (ppikrar s GiilE T S e
L1, s asls o allus ol a5 058 0 SFC ade


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

@)BM g ld Cuoglio A

as G’LQ)}.‘S O .A.:s.wsn ool @L’s)‘ 6L®)9.u5
Cengliia 55,0 5 955 50 0oLl Josl slo 5,8 5|
Tl s 5 ,LE 6 ol b3l > Bas
Coglilo (539) guoc]
Olee 0B s ishal 1ol 0 Ceoglio az S
3l sl el ol oy uls sloay s
A pylie Lol )8 la L uilS g (glojg,—S lasuils
Y s e T
‘u_sl )_309)'{_(2 . M‘ [ W) L)"")‘)j B LJ""""’)"?‘Q'A‘
™l gd Ty ails o el bl 4 513 Caaglie
O gl a4y alSiolosl Ll o sl cuaglie
'\“\5&&9&6& od.ib 6&49.@)15 |..».).:l5 9 LQ’L"""“'ﬁ“
diile Sl g lanuilS slaasss 5l Sy
L algs o ey (slojg,S lauuils o LIS layails
Lulps )0 1) B o gial 4 Cons Canglie 090>
TEs0) 507 P
ST aes ol Rl
B o el plp j0 a5l oalliulejl coogli
ot L e jo l3gl LS Lol ccenl job 50
Sy gon—s g o oddli o Wyud el
(o] s g5 o g (9 S S ¢ gl
s 45 el 35 o e Yy b
or T e
L il guST s 4> Cioglio

Jos pusilico
Cailos 595 60 ¥V -P i 5l o ilS gST
Job s0)lg0 0, Shoe g LSl (gl &5 0iS o
oy Joko o)l LS cwl )50 (7,8
(O J55) 058 o0 s po5ee Joho (batunnS e
YL 85U 1wl sleasss i e wils o]

095905 5 (eS8 5 S slayese p Lol axily
'a\cg’,w,] oduis oudlive LS)-*-’L
o sls sdlg I MIC daails slaaiss lo

Lol gn
Siwd Slodimn (29,500 Slagexs ol

Wgdi e Jo5iS (b @) 5 el Olge Lanwgi o5
bzl an aeaglie @, (2 )Bas Slge ST ay a5

Ot fgiel (] sl ygaaYsa b g Lo ailS 5 S]
HSB pais gasis o Yz b pldgn Cwglis B
oS oS (slons 55 ol el el
oSl 3 9l a5 plewdly slas SlS 5
T el wldan ot oadansle Jsku z 5
ol b 65k b oyl & Ik Gy

sk an g sawe JUSew Jl o s oz )8
b el g ek Rt
L gkl sl cwlio (95508 slopasilsce
sZBs soole L agzlae o lae slolis
sloul el cnl (rSan il b 6,550 .05l
Mol g)ls jeam o 1) Jolu Lol ogid ol Coglie
(ol ceddS L L oo e ol ol 4 g S o
45 S syl 6y et Caoglie 5L puasilSs
TS a9 s Caaglie 90
9519 b bad yo Jolge

Lag)ls =, Bus ol doxjl calitee Jalse
aS (69)lse ,0) B slag,ls 5l anlinls (g oolazul
590 L ol o (Gl onuis e lis SG5e0gul Jule
5 =9l M (leyo Gaw g SYeb cg)lo oS
S -H'-”‘)b G B Cueglie o Gloys (5 e
S 5,85 slag)ls plo bolyen o g5l 5 Ll Ly
.Woyi; Oloyd CanSll 4y yoie Wil oo
(hamo Ceoglio

dole (lsmean e i o3l sla Lo 5o
Bra s el ool Sl b Cnglio ;o0 S e
Sl el sblie (65,588 )0 b 157,06
Lo &5 oo OYL) Jlie lgmea o )ls g0l
DS o oolai il g sl 5l Lg )l po S
3O g 595 adgs e JosT o9l sla 1S B

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

A ol)&abg‘?bé

(A) (B)

~ssenchitin
(1,3)-B-glucan
Y (1,6)-p-glucan
mannan

¢ 4 <
¢

Pl AigPol | Pl PofaPyis gl iieinds PR AP
iyl iyl Ayt Sulgivh Ay i Ay
g e, il Ayl i, e L

W
<

cell well integrity signaling
& upregulation of cell wall
components (e.qg., chitin)

U 33 15 oS 51 a0 100 S

Y51 -B I ksl sloa =g 55 (os—iiSaS sloayys
ol 595 2 9)l0 36 Gals s a5 - S5l5 00
OBl 60 Vo) -B e (goansS pulas s Rho
Sdore et alaz 3l ¢ 1S 4 Al (galawlgay 5 ol
S oSS Ceaglie 4 ¢ Il 50,l520 S

O jgamwgld il 53 Caoglite
Jos B0

Fis 45 Cal (a5 S o jgmngld
(Y JS8) S o e |, Jslo RNA 5 DNA
Coglio (5590 grouy]

(S b et gloassS o5
2az ) Pl cde 4 oS axtes polie (njomsld
Sl lan gy e wi3] 50 G 5l SU sk
Joo 4 o jgimsld el lie )0 el S0 (e
Je—lysl L el (69 st j0 e
ST Saglie czgo Sl il oo i
A JS5) 895 00

Vsosled ) (50,95 ARl il g Canigy

oSl oo wls gladgpl 4 cad b o ails guS]
MIC iolidl ol odU el ax 31 el YL

LI | &
- e u.?r.gé)j.a

3 ookl a0 L cosie g2 ol L
cdl o S0 odle cq |y b pailiguST as Sl e
.MEMCA...;‘ ol u..:)‘; W09 oo;
Ceoglio (559) grouy]

50 e Lo 1 aslS ST 4y Cuaglan (sl puunilSo
oSloS o FKSL 5 0 glatass jewlbige Jdo &
Masboe siw 5l8 g0 ¥\ B

L;{Lx_;,.\:»l.f slacsgae a Mo )l o
Lo pasilsssT glacioglio po (oo 2l )15

& cal . s & . Di-f““ Py S

P Lle paslEanST ln 50 LIS las sl cwglie
Vb ao)s g Sl 35290 (2S5 el 35 e o
T aiil pglie Jssl an el S o baalgpl ol
(F J)

3ol bl o S iz g sladai s


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

sTIB0S slagyly Cwglin  BY

| T—Iucy‘losmel

- Cylosine
/ permeasa \\
/ Fluayiosine i

Cytosine
deaminase

S-Fluorouracil
Fungal RMA

Inhibits protein synthesis
. Fungal cell /

B e e e T e
\gél ?Egg zgzgz EEE Cell membrane /,//

Binds 1o ergostercl and increases
membrana parmeability

Polyene
antibiotics

Ot i gmald 4 Caoglio puunlo A S0
Slalllas olwly 4z ST 0050 o0 omie S8l 4
Lo o st @ln Sloys s0,99 e Job
SlLSS 5l glae; o )bom o)las dg2g (2B
) Sl S b coidge wlgs oo a5 ol cotes
slacaigie 59, 5l 45 095 cBo wl S s
3 9993 6,5l YU S, Lol 8l o )8
s slae; g 5lem (B )low 590 S50

5 JS JolS
sl2adg ! (Multi drug) o4, ba—s Coglin

luusls

3 Olaied jobd glo a1l o Caglie
008 1,55 5 S ] lusilS slodsgs
(Jo3oS o8 s pglio 850 TN (G55 slaisie )
i3y pylie 55 lanilssoST &y
Ll o) Ty wils” 2l 8l (glaalllas ,o 1,5
Pl ond )55 (pslis
S pailSe 5 Jos sl asilSe o Sl cleay
Jos) plss Caglie 380 cde ciaglin 5l sasanslis
L2l nils slaadsnl (o5 2 50 (nailiensT
ool an e ) )lews jo ol aslist

o=l L 8 saezlse L1 T sils Jole b o lee

nucleus

11 ¥ SRR |

| %f’

0 L pasiliausT an ceoglio b puuanilo 1 Sl
MT Ity

el 05 2 jgiemold & adsl Caaglie £onl oy
Ol LY g laowls slwaJgpnl 0 Y Ls 7))
oy Jlo ol L T 98955 g S5 S
o5 b odd crge b yaste )0 Cesglie b yinS
Log,Bucs lag)ls ;5o b S 5 5o (njgumsld
b 720 S ooliiul (B e yisiel sdas sbay)
9,18 5 (=30 Coomn s s (njetgls YL
5 =gl OMEAS T pegdle Lol o 00 ) S5
S o5 eisae Tl s e g S
L gyl s Cdo o 4 wilgh so g9, Ceaglin
TS GLoS e dalie jo (SG5 lasgles
39 bl Sl 5l aS cunl (65950 (ol ply ol
ol anls alBT 15555 j0 ogata cuslis
S oley o 5l S Gleys 50y Ko Ygoma

-
.-":' -

Ot 3gsld 5 il Y S

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

&Y O g @L’i}

Godzm 5 L Shslom (ol oSS 15
IR s So oyme o o JB p0 a5, g )8
P labs) (Jle plprear S oo Slaiys il
Oizes g IS sladisl S la Sy 5 05,
Sl =1 aile) g (polassl gla )95
bwgs (el Gladsbo b gy jpa> 50 oz ,Bus
5 S L5 o el s alKigloj] (sla S
b Lo ygS o ol yegdle i o
ol Gl 9 Csgie Joe g ls SS S L6
2 Lag B ad cdld (Sl o ook A8 Gl
.“‘ﬂ'as)b Oy

P i g b (gl Ceglia 35l 5o
Eran b xmb gloaz ) e wiile oy Sagili]
L oleys mtydle cling g ploseinl i ol
g oSl plyeds iy oo (Al cnl @ Bas Slse
S Jes (2,8 il elss sl e
Coglie 2 ads (gl (2a )5,

90 33 Gulpdl alezsl LSl oz ojg !
ICOWEUVI TREL) Y-S WISV IR 31 - V-V g S| PR
Cnglie , 4l gl plo by, (lyean (G
Jwlazs 5 15 oolital 3,50 o> B

O yg—odm Lo Sl (il S 5 5 b s
Ol ymegdle anl a8 55 )18 dalllas 0 g0 (codiw
By g ©j50,0) Lo (ois il aals
15 gmare joboass L ISal, ool sl (s o)l
Cighe Ly (ol i (G00B00S o ol lonn
Lo S, ol 51 0 ol 5 g co |l b iy
el 4853 oy 3590 4D ol
SFloyd oS 5

(7B sloisie il gk polie Cal Cleay
St Sl Slab—wy plo—ean Gloys a5 5
ol g Cnglie alS (o Bas lapleys
4o 3929 (ol L 0gd oo grlae (gomw D51 (gogdll
saddllas g (3SU (o055 95 i )5 Ca ke sl

Vsosled ) (50,95 ARl il g Canigy

Cnglite ;0 1) (ote A Wl oo (2 BaS (55,1
Mass sl

3 omsl 9l Heebgs (38l Ve e 8 Lo o
P S a9 0B Lo 855 ()15 JUS
a9 od i Leoyld 5l gk )0 5985 oz
ol Jle o ad bos (b ot JSis
gl Tl glacigie fleys (6l b pyails 5ST
gl GLaMIC olidl 3525 (nl b Wgd oo droy
I il oas 3 )L FKS g cleay 5
EBus (29,15 Cowlus e

5 2Bibel g s las sl o el
oileil Gl |y ez e slody, (alas)l o
o 30 Lol sl 03,5 e by yasie Sl
Lyl,d s zyBas slog s Comlas slaces mbs
rolis ol 5 Sln il (5 6l (L]
e oy 4 esly b sopiiins bL3 | atian MIC
ol 2,8

bl il Comlar Galojl Gl ainge sloss,
(o= pogdle aidly a8 podyg ie 5 15 BB
1) sda o ol oledll ol wliglogl ol b
A0 & ||

TS s sl Lol (s slo s
mle et S L se g, 5l s ae 45 el Sawie
(Broth Dilution / macrodilution :microdilution)
(E.test 4 Diffusion) Disk |57 ,o Ll sla g, g
5 S rege—wsld LSS5 jlojs sl o, pls
g oo o3liul 55 (5 yen IS

Lo gy em Bl caiyzp po Lo sy )
Y i it s 5 S5

55 Seet (7 )8 lacssie )3 4z S
oot il s s slacamlos mbi b LL3)|
428,55 1,8 alllas 5550 550 LLS I cpl b el
L ol B3 sl gz ol L T8 e
Sl Fy5m Ml S @B conles iles]


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

TBS slag)ls Cwglie  OF

(Jo3lss5e s wile smar (Hssls 5 g Bas
Ll )0 95 cdld Jo3beS sl 9 J93UoS gy
loasdss 5l (S plp g0 oo bme 5 alRiles]
Josbss 1yl s JosLsS sk pslie sSS 5 yosre
O ygmodn Lol 090w iws 5o DT Slools ol
Ol )0 Gae Ve b goolaiwl cy e o STys>
S oo ool 2 1) (ol e

o Lagyls ol gaor aS Codly pl @ axgi b
39, S o Jos (Do O-VY) Goo 6 les
ai g e sl gl 6 o ablite Cuglis
W PRV AN ¥

Sl oy pglie 2,6 clocigie S
392 gl ol 48 soa idghe 7S sl
g Lo liw L 5l oailes co Ty SlS sladisS o)lo I3
'AfsAa&&:) Jiite anel> o o

D 30) 7,Bus slag)ls 5l aigy soslasl
ooliieal gl b Lenl gws sl,2] (Codgame 5 oboj
S5 pai sl Ll () slaasly g
s pylie sloasss ol anaz Cuglie slagSll
stz sl gilwdos 5 g 808 layg)ls
o 5l 4 s Slegdge polie slag B JyuS
Fals piie b ings 5 olallas
S dai

Al by ol o JelS Jl 50 ol (6590 guedwl
polie 0935l b deedly g o 2L S
HFSLE 0 52 (7,18 Caglite W (sl g)ls
(S>> Lglw) LgLQLg)Lo.s.g 4 )L.m O‘)Lo.:.g 59 &a‘
axlgo CaSo b loyo 0 a5 Sl 9550 0 b

ol Jlo oo il el bl 23 0 0ed s

Ol dm S Glo s S 5 sLalie (I
el 05,55 0l pslie sloz B sl 1,y s, lSs

2l o Cos (2B Glaasw 5l (S n S
Cgis g WIS (6 de Vg g Dleogas laayse
P S T 4 e Sl Sae o isS ez b
Do s oolatuwl g5 loaiz Hleys 1A gloj .ogd
S o 0 b 351 5 (55alS Coans Jdots ol Ly
PO 3568 ey CenSl i ge lel o (S

Sy S aes o i oS Olallae
o 9 995 Aq gl Ceglie 8 yiy wile WS o0
Sl san 45 05 atsl Casslio b bz 8 oS oo
35l 5 B (s il (oS 5 a5 ouds e
Mams (2815 Gsymglh Cuoglie il oo
0] i (GlBouSS s uai

sl Cude Sl b asleds Sl (S sz b
Coglie o als sl o)l Olsrea bl gule
N ol oais asie 2dl b agil adyl > oo
098] aiile Lo pl gl diedgu 5 (SaS A8
pslie oz yL5 clacs lows oboys yo GM-CSF 4 LlS
ol L it e Slaiiy ouianif waled L Lads
@S @ Gl (el ladghw slass o al >
o bsope b 2lo)b sl Jddo s (o)
3 &S ogeS Cand gBus slag o b by
oo S 95 (23,5 Jobo yoe) Jokw o,Shas
I3 g (€ s5lapnS] pdilio ccooly T 51 b
Sighe d Glojee (el el gl oela o
sile placnlgnln nead b wly e ()3
Mol Seate LIS (9,8 ,20] s GM-CSF
o 5B ws slagls

slag,lo ol o Coglie a bg o SISUs
Lol Spglie (2,18 slaaiss 5l g g )Bus
el 00,5 dloul Wax z Bas slag,le sl ol
2 a0 (F)Bad oS § pay ol I o
VW VAAY

G9,l (pa—z> . Wg—i oo ool wl Lo

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

IATA

Oen 5 (LB

3,5 sl sle,Sal) g pslio 2 )L8 slacisae i jo 0ol 8,509, Gl @il pglie ()18

& ’n" ‘(fTJLJ' 9 ‘SNAJLJ.( )*"‘*—’:‘ — ULLB-ZI LsML)‘ .&_‘,u.u]

References

1. Havlickova B, Czaika VA, Friedrich M. Epidemiological trendsin skin mycoses worldwide.
Mycoses. 2008; 51: 2-15.

2. Nigam PK. Antifungal drugs and resistance: Current concepts. Our Dermatology Online.
2015; 6(2): 212.

3.  Ekwealor CC, Oyeka CA. Cutaneous mycoses among rice farmersin Anambra State, Nigeria.
JMycol. 2013; 2013: 1-7

4. Gupta AK, Versteeg SG, Shear NH. Onychomycosis in the 21st century: an update on
diagnosis, epidemiology, and treatment. J Cutan Med Surg. 2017; 21(6): 525-39.

5. Lipner SR, Scher RK. Onychomycosis: Clinical overview and diagnosis. J Am Acad
Dermatol. 2019; 80(4): 835-51.

6. Maschmeyer G. The changing epidemiology of invasive fungal infections: new threats. Int J
Antimicrob Agents. 2006; 27: 3-6.

7. Pagano L, Caira M, Candoni A, et al. The epidemiology of fungal infections in patients with
hematol ogic malignancies: the SEIFEM-2004 study. Haematol ogica. 2006; 91(8): 1068-75.

8. Sanz Alonso M, Jarque Ramos |, Salavert Lleti M, et al. Epidemiology of invasive fungal
infections due to Aspergillus spp. and Zygomycetes. Clin Microbiol Infect. 2006; 12: 2-6.

9. Alexander BD, Perfect JR. Antifungal resistance trends towards the year 2000. Drugs. 1997;
54(5): 657-78.

10. Alves SH, Lopes JO, Costa JM, et al. Development of secondary resistance to fluconazole in
Cryptococcus neoformans isolated from a patient with AIDS. Rev Inst Med Trop S&o Paulo.
1997; 39(6): 359-62.

11. Marichal P, Koymans L, Willemsens S, et al. Contribution of mutations in the cytochrome
P450 140-demethylase (Ergllp, Cyp51p) to azole resistance in candida albicans. Microbiol.
1999; 145(10): 2701-13.

12. Groll AH. Clinical pharmacology of systemic antifungal agents. a comprehensive review of
agents in clinical use, current investigational compounds, and putative targets for antifungal
drug development. Adv Pharmacol. 1998; 44: 343-500.

13. Sheehan DJ, Hitchcock CA, Sibley CM. Current and emerging azole antifungal agents. Clin
Microbiol Rev. 1999; 12(1): 40-79.

14. Xiao L, Madison V, Chau AS, et al. Three-dimensional models of wild-type and mutated
forms of cytochrome P450 14a-sterol demethylases from Aspergillus fumigatus and Candida
albicans provide insights into posaconazole binding. Antimicrobl Agents Ch. 2004; 48(2):
568-74.

15. Parente-Rocha JA, Baildo AM, Amara AC, et a. Antifungal resistance, metabolic routes as

drug targets, and new antifungal agents. an overview about endemic dimorphic fungi.
Mediators Inflamm. 2017; 2017: 1-6.

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

sTIBRS slagyly Cwoglin  (F

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Cuenca-Estrella M, Gomez-Lopez A, Mellado E, et al. Head-to-head comparison of the
activities of currently available antifungal agents against 3,378 Spanish clinical isolates of
yeasts and filamentous fungi. Antimicrob Agents Ch. 2006; 50(3): 917-21.

Nguyen M, Yu C. Voriconazole against fluconazol e-susceptible and resistant candida isol ates:
in-vitro efficacy compared with that of itraconazole and ketoconazole. J Antimicrob
Chemother. 1998; 42(2): 253-56.

Pfaller M, Messer S, Boyken L. In vitro activities of voriconazole, posaconazole and
fluconazole against 4,169 clinical isolates of candida spp. and cryptococcus neoformans
collected during 2001 and 2002 in the Artemis Global Antifungal Surveillance Program.
2004; 48(3): 202-5

Pfaller M, Messer S, Boyken L, et a. Use of fluconazole as a surrogate marker to predict
susceptibility and resistance to voriconazole among 13,338 clinical isolates of Candida spp.
tested by clinical and laboratory standards institute-recommended broth microdilution
methods. J Clin Microbiol. 2007; 45(1):70-5.

Pfaler M. Azole antifungal drug crossresistance: mechanisms, epidemiology, and
consequences for treatment. Am J Med 2012; 125(1Suppl): S3-13.

Whaley SG, Berkow EL, Rybak JM, et a. Azole antifungal resistance in Candida albicans and
emerging non-albicans Candida species. Front Microbiol. 2017; 7: 2173.

Goldman M, Cloud GA, Smedema M, et a. Does long-term itraconazol e prophylaxis result in
in vitro azole resistance in mucosal Candida abicans isolates from persons with advanced
human immunodeficiency virus infection? Antimicrob Agents Ch. 2000; 44(6): 1585-87.

Law D, Moore C, Wardle H, et a. High prevalence of antifungal resistance in Candida spp.
from patients with AIDS. J Antimicrob Chemother. 1994; 34(5): 659-68.

Pfaller MA, Diekema D, Group IFSP. Twelve years of fluconazole in clinical practice: global
trends in species distribution and fluconazole susceptibility of bloodstream isolates of
Candida. Clin Microbiol Infect. 2004; 10:11-23.

Pfaller M, Diekema D, Rinadi MG, et a. Results from the ARTEMIS DISK Globa
Antifungal Surveillance Study: a 6.5-year analysis of susceptibilities of Candida and other
yeast species to fluconazole and voriconazole by standardized disk diffusion testing. J clin
microbiol. 2005; 43(12): 5848-59.

Pfaller M, Diekema D, Sheehan D. Interpretive breakpoints for fluconazole and Candida
revisited: a blueprint for the future of antifungal susceptibility testing. Clin microbiol Rev.
2006;19(2):435-47.

Hajjeh RA, Sofair AN, Harrison LH, et al. Incidence of bloodstream infections due to
Candida species and in vitro susceptibilities of isolates collected from 1998 to 2000 in a
population-based active surveillance program. J clin microbiol. 2004;42(4):1519-27.

Pfaller M, Diekema D. Epidemiology of invasive candidiasis: a persistent public health
problem. Clin mMcrobiol Rev. 2007;20(1):133-63.

Rex JH, Pfaler MA, Galgiani JN, et a. Development of interpretive breakpoints for
antifungal susceptibility testing: conceptual framework and analysis of in vitro-in vivo
correlation data for fluconazole, itraconazole, and Candida infections. Clin Infect Dis.
1997;24(2):235-47.

White TC, Marr KA, Bowden RA. Clinical, cellular, and molecular factors that contribute to
antifungal drug resistance. Clin Microbiol Rev. 1998;11(2):382-402.

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

oy

Oen 5 (LB

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

Rex JH, Rinaldi M, Pfaller M. Resistance of candida species to fluconazole. Antimicrob
Agents Ch. 1995;39(1):1.

Fichtenbaum CJ, Powderly WG. Refractory mucosal candidiasis in patients with human
immunodeficiency virusinfection. Clin Infect Dis. 1998;26(3):556-65.

Edmond MB, Wallace SE, McClish DK, et al. Nosocomial bloodstream infections in United
States hospitals: athree-year anaysis. Clin Infect Dis. 1999;29(2):239-44.

Wingard JR, Merz WG, Rinadi MG, et a. Increase in Candida krusei infection among
patients with bone marrow transplantation and neutropenia treated prophylactically with
fluconazole. N Engl JMed. 1991;325(18):1274-77.

Rocco TR, Reinert SE, Simms HH. Effects of fluconazole administration in criticaly ill
patients: analysis of bacterial and fungal resistance. Arch Surg. 2000;135(2):160-65.

Sobel JD, Ohmit SE, Schuman P, et a. The evolution of candida species and fluconazole
susceptibility among oral and vaginal isolates recovered from human immunodeficiency virus
(HIV)—seropositive and at-risk HIV-seronegative women. J Infect Dis. 2001;183(2):286-93.

Cross EW, Park S, Perlin DS. Cross-resistance of clinical isolates of Candida albicans and
Candida glabrata to over-the-counter azoles used in the treatment of vaginitis. Microb Drug
Resist. 2000;6(2):155-61.

Henry KW, Cruz MC, Katiyar SK, et al. Antagonism of azole activity against Candida
albicans following induction of multidrug resistance genes by selected antimicrobial agents.
Antimicrob Agents Ch. 1999;43(8):1968-74.

Zheng Y-H, MaY-Y, Ding Y, et a. Aninsight into new strategies to combat antifungal drug
resistance. Drug Des Devel Ther. 2018;12:3807.

Martinez-Rossi NM, Peres NT, Rossi A. Antifungal resistance mechanisms in dermatophytes.
Mycopathologia. 2008;166(5-6):369.

Perlin DS, Shor E, Zhao Y. Update on antifungal drug resistance. Curr Clin Microbiol Rep.
2015;2(2):84-95.

Vandeputte P, Ferrari S, Coste AT. Antifungal resistance and new strategies to control fungal
infections. Int JMicrobiol. 2011;2012.

Polak A, Scholer H. Mode of action of 5-fluorocytosine and mechanisms of resistance.
Chemotherapy. 1975;21(3-4):113-30.

Kanafani ZA, Perfect JR. Resistance to antifungal agents. mechanisms and clinical impact.
Clin Infect Dis. 2008;46(1):120-28.

45. Van Der Linden JW, Camps SM, Kampinga GA, et al. Aspergillosis due to voriconazole

46.

47.

highly resistant Aspergillus fumigatus and recovery of genetically related resistant isolates
from domiciles. Clin Infect Dis. 2013;57(4):513-20.

Tortorano AM, Rigoni AL, Biraghi E, et a. The European Confederation of Medical
Mycology ECMM) survey of candidaemiain Italy: antifungal susceptibility patterns of 261
non-albicans Candida isolates from blood. J Antimicrob Chemother. 2003;52(4):679-82.

Pfaller M, Messer S, Boyken L, et al. Geographic variation in the susceptibilities of invasive
isolates of Candida glabrata to seven systemically active antifungal agents. a global
assessment from the ARTEMIS Antifungal Surveillance Program conducted in 2001 and
2002. J Clin Microbiol. 2004;42(7):3142-46.

Pfaler MA, Messer S, Hollis RJ. Strain delineation and antifungal susceptibilities of
epidemiologically related and unrelated isolates of Candida lusitaniae. Diagn Microbiol Infect
Dis. 1994;20(3):127-133.

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

sTIBMS slagyly Cwoglie  OA

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Walsh TJ, Melcher G, Rinaldi M, et al. Trichosporon beigelii, an emerging pathogen resi stant
to amphotericin B. J Clin Microbiol. 1990;28(7):1616-22.

Dick J, Merz W, Sara R. Incidence of polyene-resistant yeasts recovered from clinical
specimens. Antimicrob Agents Ch. 1980;18(1):158-63.

Karyotakis NC, Anaissie EJ, Hachem R, et al. Comparison of the efficacy of polyenes and
triazoles against hematogenous Candida krusei infection in neutropenic mice. J Infect Dis.
1993;168(5):1311-13.

Nguyen MH, Clancy CJ, Yu VL, et a. Do in vitro susceptibility data predict the
microbiologic response to amphotericin B? Results of a prospective study of patients with
Candida fungemia. J Infect Dis. 1998;177(2):425-30.

Powderly WG, Kobayashi GS, Herzig GP, et al. Amphotericin B-resistant yeast infection in
severely immunocompromised patients. Am J Med. 1988;84(5):826-32.

Espinel-Ingroff A. In vitro antifungal activities of anidulafungin and micafungin, licensed
agents and the investigational triazole posaconazole as determined by NCCLS methods for
12,052 fungal isolates: review of the literature. Rev Iberoam Micologia. 2003;20(4):121-136.

Mora-Duarte J, Betts R, Rotstein C, et al. Comparison of caspofungin and amphotericin B for
invasive candidiasis. N Engl J Med. 2002;347(25):2020-29.

Cheung C, Guo Y, Gialanella P, et a. Development of candidemia on caspofungin therapy: a
case report. Infection. 2006;34(6):345.

Perlin DS, Rautemaa-Richardson R, Alastruey-lzquierdo A. The global problem of antifungal
resistance: prevalence, mechanisms, and management. Lancet Infect Dis. 2017;17(12):€383-
€392.

Balashov SV, Park S, Perlin DS. Assessing resistance to the echinocandin antifungal drug
caspofungin in Candida abicans by profiling mutations in FKS1. Antimicrob Agents
Chemother. 2006;50(6):2058-63.

Hakki M, Staab JF, Marr KA. Emergence of a Candida krusei isolate with reduced
susceptibility to caspofungin  during therapy. Antimicrob Agents Chemother.
2006;50(7):2522-24.

Hernandez S, Lopez-Ribot JL, Najvar LK, et al. Caspofungin resistance in Candida albicans:
correlating clinical outcome with laboratory susceptibility testing of three isogenic isolates
serially obtained from a patient with progressive Candida esophagitis. Antimicrob Agents
Chemother. 2004;48(4):1382-83.

Laverdiere M, Laonde RG, Baril JG, et a. Progressive loss of echinocandin activity
following prolonged use for treatment of Candida albicans oesophagitis. J Antimicrob
Chemother. 2006;57(4):705-708.

Moudga V, Little T, Boikov D, et a. Multiechinocandin-and multiazole-resistant Candida
parapsilosis isolates serially obtained during therapy for prosthetic valve endocarditis.
Antimicrob Agents Chemother. 2005;49(2):767-69.

Wiederhold NP. Antifungal resistance: current trends and future strategies to combat. Infect
Drug Resist. 2017;10:249.

Brandt ME, Pfaler MA, Hajjeh RA, et a. Trends in antifungal drug susceptibility of
Cryptococcus neoformans isolates in the United States: 1992 to 1994 and 1996 to 1998.
Antimicrob Agents Chemother. 2001;45(11):3065-69.

Hospenthal DR, Bennett JE. Flucytosine monotherapy for cryptococcosis. Clin Infect Dis.
1998;27(2):260-64.

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

IAR)

Oen 5 (LB

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Andes D. Pharmacokinetics and pharmacodynamics of antifungals. Infect Dis Clin North Am.
2006;20(3):679-97.

Shakeri-Ngjad K, Stahlmann R. Drug interactions during therapy with three major groups of
antimicrobial agents. Expert Opin Pharmacother. 2006;7(6):639-51.

Pfaler M, Castanheira M, Lockhart S, A et al. Frequency of decreased susceptibility and
resistance to echinocandins among fluconazole-resistant bloodstream isolates of Candida
glabrata. J Clin Microbiol. 2012;50(4):1199-1203.

Valabhaneni S, Cleveland AA, Farley MM, et a. Epidemiology and risk factors for
echinocandin nonsusceptible Candida glabrata bloodstream infections. data from a large
multisite population-based candidemia surveillance program, 2008-2014. Paper presented at:
Open Forum Infect Dis 2015;14(4):163

Chowdhary A, Sharma C, Meis JF. Candida auris: a rapidly emerging cause of hospital-
acquired multidrug-resistant fungal infections globally. PLoS Pathog. 2017;13(5):€1006290.

Kathuria S, Singh PK, Sharma C, et al. Multidrug-resistant Candida auris misidentified as
Candida haemulonii: characterization by matrix-assisted laser desorption ionization-time of
flight mass spectrometry and DNA sequencing and its antifungal susceptibility profile
variability by Vitek 2, CLSI broth microdilution, and Etest method. J Clin Microbiol.
2015;53(6):1823-30.

Sharma C, Kumar N, Pandey R, et al. Whole genome sequencing of emerging multidrug
resistant Candida auris isolates in India demonstrates low genetic variation. New Microbes
New Infect. 2016;13:77-82.

Wayne P. Reference method for broth dilution antifungal susceptibility testing of yeasts,
approved standard.2th ed.PA; CLSI document M27-A2, 2002.

Rex JH, Pfaler MA. Has antifungal susceptibility testing come of age? Clin Infect Dis.
2002;35(8):982-89.

Rex JH, Pfaler MA, Walsh TJ, et al. Antifungal susceptibility testing: practical aspects and
current challenges. Clin Microbiol Rev. 2001;14(4):643-58.

Ghannoum MA, Rex JH, Galgiani JN. Susceptibility testing of fungi: current status of
correlation of in vitro data with clinical outcome. J Clin Microbiol. 1996;34(3):489-95.

Polak A. The past, present and future of antimycotic combination therapy. Mycoses.
1999;42(5-6):355-70.

Herbrecht R, Denning DW, Patterson TF, et a. Voriconazole versus amphotericin B for
primary therapy of invasive aspergillosis. N Engl J Med. 2002;347(6):408-15.

Francis P, Walsh TJ. Evolving role of flucytosine in immunocompromised patients. new
insights into safety, pharmacokinetics, and antifungal therapy. Clin Infect Dis.
1992;15(6):1003-18.

Adrian LJR, Grazziutti ML, Rex JH, et al. The potential role of cytokine therapy for fungal
infections in patients with cancer: is recovery from neutropenia al that is needed? Clin Infect
Dis. 1998;26(6):1270-78.

Stevens DA. Combination immunotherapy and antifungal chemotherapy. Clin Infect Dis.
1998;26(6):1266-69.

Negly M, Ghannoum M. The exciting future of antifungal therapy. Eur J Clin Microbiol Infect
Dis. 2000;19(12):897-914.

Kontoyiannis DP. A clinical perspective for the management of invasive fungal infections:
focus on IDSA guidelines. Pharmacotherapy. 2001;21(8P2):175S-187S.

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

@)BM g ld Cuoglio F

84.

85.

86.

White MH. Editorial response: the contribution of fluconazole to the changing epidemiology
of invasive candidal infections: The University of Chicago Press; 1997.

Muller F-MC, Kasai M, Francesconi A, et a. Transmission of an azole-resistant isogenic
strain of Candida albicans among human immunodeficiency virus-infected family members
with oropharyngeal candidiasis. J Clin Microbiol. 1999;37(10):3405-8.

Shlaes DM, Gerding DN, John JF, et al. Society for Healthcare Epidemiology of Americaand
Infectious Diseases Society of America Joint Committee on the Prevention of Antimicrobial
Resistance guidelines for the prevention of antimicrobial resistance in hospitals. Infect
Control Hosp Epidemiol. 1997;18(4):275-91.

Vsosled ) (50,95 ARl il g Canigy


https://journals.tums.ac.ir/jdc/article-1-5439-en.html

[ Downloaded from journals.tums.ac.ir on 2024-11-10]

[ Ql)l.io.mg‘?bé

Antifungal drug resistance of yeasts in dermatology:
mechanisms, epidemiology and clinical impact

Azam Fattahi, PhD'
Ensieh Lotfali, PhD?
Sayna Iranpanah?®
Yasaman Rezaee?®
Reza Ghasemi®

1. Center for Research and Training in
Skin Diseases and Leprosy, Tehran
University of Medical Sciences, Tehran,
Iran

2. Department of Medical Parasitology and
Mycology, School of Medicine, Shahid
Beheshti University of Medical
Sciences, Tehran, Iran

3. Student Research Committee, School of
Pharmacy, Shahid Beheshti University
of Medical Sciences, Tehran, Iran

Corresponding Author:
Ensieh Lotfali, PhD

Koodakyar Ave., Daneshjoo
Blvd.,Velenjak, Department of Medical
Parasitology and Mycology, Shahid
Beheshti University of Medical Sciences,
Tehran, Iran

Email: ensiehlotfali @sbmu.ac.ir

Conlflict of interest: None to declare

Superficial dermatophytoses are among the most common
infectious disease. Themost commonly used antifungal
categories reazoles, polyenes and echinocandins. Due to the
limited number of available antifungal drugs, toxicity and the
emergence of resistant (intrinsic or acquired) strains,
antifungal strategy needs to be developed. Recently the
researchers try to find alternative antifungal agents. This
review emphasizes the action and resistance mechanisms to
antifungal drugs, the search for new agents, drug- resistant
genes, and the application of combination therapy and
immunomodulators (using cytokines and gamma interferon
which can provide novel insights to fighting fungal
infections). A comprehensive review study was performed
using the keywords including Candida, antifungal drugs and
drug resistance in valid medical databases, mainly PubMed.
Articles that were most relevant to the purposes of the study
were selected and studied. Problems with antifungal
resistance and the emergence of resistant strains of fungal has
produced an enormous demand for new antifungal agents. The
clinical complexity of patients with resistant mycoses
prevents an easy approach to the detection, prevention, and
management of antifungal drug resistance. Continuing
investigation will illustrate the role of susceptibility testing for
resistant mycoses and on clinical strategies used to fighting
antifungal drug resistance in pathogenic fungi.
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