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ABSTRACT

A total of 190 Cryptococcus neoformans isolates, including 166 clinical and
environmental isolates from Chiang Mai and 24 environmental isolates from Nan
province, were tested for their susceptibilities to amphotericin B, fluconazole,
itraconazole and ketoconazole. The MICs were determined by using the standard
NCCLS broth microdilution methods (M27-A2). All 190 isolates of C. neoformans
were susceptible to all four antifungal drugs. The MICs50 and MICs90 of
amphotericin B, fluconazole, itraconazole and ketoconazole were 0.5 and 1 pg/ml, 2
and 4 pg/ml, 0.03 and 0.06 pg/ml and 0.06 and 0.125 pg/ml, respectively. No
fluconazole resistant strains were found.

Recently, strains of C. neoformans expressing heteroresistance to fluconazole
have been reported in other countries. To investigate the presence of fluconazole
heteroresistance among these northern isolates, a total of 14 isolates for which the
MIC:s of fluconazole ranged from 8 to 16 ug/ml were selected to screen. Fluconazole
heteroresistance was characterized by the ability to grow at 30°C but not at 37 °C on
potato dextrose agar containing 64 pg of fluconazole/ml. Of the 14 C. neoformans
isolates tested, one clinical isolate (CN4969) exhibited heterogeneity in fluconazole
resistance. One subpopulation of this isolate (CN4969HR) which grew at 30°C on

potato dextrose agar containing 64 pg of fluconazole/ml exhibits fluconazole resistant



phenotype (MIC > 64 pg/ml by broth microdilution method and > 256 pg/ml by
E-test).  Another subpopulation (CN4969S) exhibited fluconazole susceptible
phenotype (MIC = 8 pug/ml by broth microdilution method and E-test). This study
demonstrated the existing of the fluconazole heteroresistant population among clinical
isolates of C. neoformans in northern part of Thailand.

To clarify the molecular mechanisms of fluconazole resistance, drug resistance
genes (ERG11; lanosterol 14a-demethylase gene, AFR1; Antifungal resistance 1 gene
and MDR1; Multidrug resistancel gene) in fluconazole resistant isolate (CN4969HR)
and fluconazole susceptible isolates (H99: standard strain of C. neoformans,
CN4969S and CN4901) were characterized. These four isolates belonged to serotype
A (C. neoformans var. grubii) and mating type o as determined by PCR. Analysis of
the 14a-lanosterol demethylase gene (ERG11) showed a point mutation responsible
for the amino acid substitution G484S in CN4969S and CN4969HR comparing with
H99 and CN4901. This result indicated that the amino acid substitution G484S may
play a role in fluconazole resistant phenotype. It also supports the possibility that all
cells in the heteroresistant population carry the genetic marker for resistance, but
phenotypic expression of such resistance occurs in a very small fraction of the
population.  Analysis by the RT-PCR showed an increase at least 2-fold in both
ERG11 and MDR1 expression levels in fluconazole-resistant (CN4969HR) isolate
comparing with fluconazole susceptible isolates (H99, CN4901 and CN4969S),
but AFR1 gene expression level in CN4969HR was equivalent to the expression in
H99 or CN4901 or CN4969S. Analysis of point mutation and RT-PCR suggest that
molecular mechanisms involving drug efflux and alterations in the structure or
cellular amount of lanosterol 140- demethylase may play a role in the resistance to
fluconazole.

This study revealed the antifungal susceptibility profiles and mechanism of
fluconazole resistance in C. neoformans isolates in Chiang Mai. It may provide the
information necessary to predict clinical outcome of treatment of this infection, a
guide for selecting appropriate doses of these agents to find suitable clinical

management strategies for the treatment of C. neoformans infection in the future.



vi

v Y
FoI50INNTNUT UNUINVD9IU ERG11 AFR1 uaz MDR1 vou90a31l

Y
Tanonda HloWesuuud lumsaedeelglnuilaa

Y a a A =
HIvgy UNGITIN NIANT
Sqyan Ismaasuriuga (3a31Ine)
:4' = a a ¢ A A
AZNIIUMINUIAMINNTNUS  57.93. WU #1513 YseHUNTINMT
4
et dsz@nd 531790300 NIINMI
QU |
unAnLd

2 Y
18 imsnaaeunulagesiveade Cryptococcus  neoformans siavua 190
& { A 1 A @ [ 1 o
ToTanan Fududonuen ldondiheuazdsnadenlusaiadolnil s1uu 166 lToTman
nndunadonlusaniauig s 24 TeTaan thumageuiver  weuTvine3Ful
Walawlea ans1launlea uaz AlalaunTea asremiaianududuvesenvosigain
A 2 i
dugaimsmiguouse (MIC) A1e35masguusen lulng lagdu (M27-A2) w99 NCCLS
A 4 v H
w1 C. neoformans 13190 loTxanladeens 4 ytaiinagey mauduiuvei
' ' Y Y 4 Y
dooNgandugsmininyveuie ladesas 50 (MIC50) uazdudimsniayveute laTovaz 90
aa a [
(MIC90) - vossey InmoTsul Wglauilsa ansilaulya uag Alalauleailu 0.5
uag 1 lulnsnsw/va. 2 nag 4 Tulasniu/ua. 0.03 uaz 0.06 Tulnsnsu/ wa. uag 0.06 uag
Y v Y

0.125 luTasnsu/wa. mudey liwudedasuiaeaosviglauilea

Ay = o & A4

e luuuunil Is1eauveuse C. neoformans dasuineasevlgTautTeauuy

aAa 4 . A A zﬂy 1
131ne 1535 auaun (heteroresistance) luilszmadus  moansrvminisasaosglauilaa

A A Il ~ 9 A 1 dy SR o A dy o
puptenme Isasauaun lu le Toanfuen lavinnimutlomarl  ena@endodiuau
4 1
naving 14 TeTaran filiar MIC  vesevlglaunloa agsziang 8 8 16 lulasniu/va. 1
@ [ dy 1 A A 4 9
A3I9AANTOY anvaizMineaseig Inun Tsaunuienme 153 Fauaun q 1AvINANE NS
TumswSyhgurgil 30% ud liwsyNgungil 37°% Due115 U potato dextrose NWaLE
[ F

Wglaulwa 64 Tulasnsu/ua. 91n C. neoformans 11 14 o Taaniinadoy Lireain
Y A @ A 1 @ . dy 1
@ﬂaﬂ 1 loTaan (CN4969) fudasanymzNuana1any (heterogeneity) lunisaodoe

4 1 H
gl laa nquilszannsdesuesloTaanil (CN4969HR) Fuainyhgmungil 30°y v

1 Y
111151 potato dextrose Nwaueglaulaa 64 lulasnSu/va. uaasdnyuznsAoas



vii

elgTavn Taa (MIC > 64 Tulasniu/ua. Tasdsuson lulas lagdu uaz > 256 lulasnsu/
wa. 10975 E-test)  szanidosdnnguuiln  (CN4969S)  udasdnbmznis 1aoen
v 4
WgTanTaa (MIC = 8 luTasnsu/wa. Taedsusen lulns lagdu uazds E-test) msfnwnil
T A 1 d'dy v A A 4
uaae Unqualszannsues C. neoformans. fdedeng Iau Tyatuignme 153G auaun
9
Tugonnfihenemamiideovolszmelne
1 Y
welidnlalunalnszauTumanavesnisfonosiglaulaa  lakinisanun
9
ﬂmé’ﬂymmmﬁuﬁam (ERG11; lanosterol 14a-demethylase gene, AFR1; Antifungal
v Y
resistance 1 gene ttaz MDR1; Multidrug resistancel gene) Glu"laimawﬁﬁamﬂgiﬂm
' Y
Tara (CN4969HR) naz lo Taranii ladosvlglauilea (H99:  diasuuiasgiuvouio
4 Y 1
C. neoformans, CN4969Suaz  CN4901) 1¥evisdle lsaniaegludlsiniie
4 1
(C. neoformans var. grubii) uazwnasiniueath Wieasrnaeudedziders a3
An51zHeu  lanosterol 14a-demethylase ~ (ERG11) Wumiﬂmﬁlﬁuﬁtmum (point
\ [~ { a { o ]
mutation) Humsununnsaesd Tu'lnaduidumus 484 10851 (G484S) Tu CN4969S
% Py < 1 A
ey CN4969HR iounu H99 uay CN4901 wamsnadeuldlnmuiimsunuinga
a A Ao 1 Y A = P Y o dy 1
ozl Tu'lnaguidwnis 484 18350 envliunuminertesnumsudaseonlunsasaoen
o e P~ < H < o ' { g a
g Taulea nedsaivayuanudul)Idneaanamualunguilszannsiidumenne 155 5d
= A o A A 9 Y] Ay 3 1w ~
HAUNTIATOINWIIN WU FNITUNAGIVOINDNITADYT (genetic  marker) uAGNBUZN
dy an‘ a d? o Ay
uaaseanvoImiaeeiumnaruluduiuilszannindesnin
a o a 4 1
M1331A512HA2095015 A-WF 015 (RT-PCR)ILaTA4I1IINITUAAID0NVDITY
F4 1 4 v Y
(expression) 114 ERG11 az MDR1 mindusdilosdounilule lamaniiaeaesilgTau
Tora (CN4969HR) iijonlToiiounv lo Taand laeevlg Taun Tea (H99, CN4969S naz
CN4901) usinmisuaaseonvosou AFRL Ty CN4969HR tmiiulu H99, CN4901 uae
CN4969S  misamszimsnateiugniimsnlasunlacludidunseeriluiieanil
o ' s A S = A4 Y o o s
funiiaaze1if-iaerstsuentna lnmslumnaneadesnumsiieisenainaaiag
mslasunlaslassasaviodSunavesonlyl lanosterol 14a-demethylase Uouxaah
- 4
pwaziunumlumsaensevlglaulesa
=2 dy Y ! 9 di’ ;
msAntudastoyalassrvuennuhaendusesuazna lnmsdosig Tnun

Y ' 1 '
Twalwde C. neoformans  fuenl@dludaniadesIni Feonvazdludoyansuiuluns

u



viii

o Aaa A 9 o a tﬂy dy 3| A 9
Wﬂ?ﬂﬁmwaﬂﬁﬂﬁuﬂﬂqﬂ%"IﬂﬂWﬁﬁﬂE"lTiﬂﬁﬂlsb"ﬂi'lu u,az’mﬂﬁ)zL‘}Juummﬂumim’aﬂ%m
EJ v ] [ Y
manil lulSunainemang e inagnsmssnumuaan itz andmsusnsImMsaaio

C. neoformans Tueuina



