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\f(i Yeast Infections Increased Significantly
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L Fungal Infections:
Emerging Threats to Human Health

» 1,000,000,000 skin infections
» 100,000,000 Mucosal infections
> 10,000,000 Allergies and SAFS
(Severe asthma with fungal sensitization)
> 1,000,000 death
= tuberculosis
> malaria
> preast cancer
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[/ Candida auris: T REE AT BURET
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(exogenous) FTiERK @ BE M T EVE B RE ©

Frsz » FEFLEA(1999 ~ 2002 ~ 2006 ~ 20104 20144F) TSARYEFURERILFHF
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Sears D, Schwartz BS (2017). Candida auris: an emerging

multidrug-resistant pathogen. Int J Infect Dis.
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i}:’, Taiwan Mycology Reference Center
EAMAR S

http://mycology.nhri.org.tw
Taiwan Mycology Reference Center (TMRC) provides

Information about fungal infections.
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http://mycology.nhri.org.tw/

Current Challenges for
Managing Fungal Infections

1
2
3

D.
o.
/.

. Risk populations increased.

. Limited choice of antifungal drugs.

. Emerging drug resistance problems.

4. Emerging species causing diseases in humans.

ow to improve diagnosis of fungal infections?
ow to develop new effective antifungal drugs?
ow to transmit drug resistant pathogenic fungi?

How can a basic researcher help?
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f{r/f Taiwan Surveillance of Antimicrobial
‘ Resistance of Yeasts (TSARY)

Year
1999 2002 2006 2010 2014
: : Apr 15to

Collection period Jun 15 Jul 1 to Sep 30
No. of hospitals 22 24 22 24 24
Sources AII_body St?me Non-Sterile sites

sites sites
C. albicans up tol10 all up tol10
Non-C. albicans up to 40 all up to 40
Total 670 945 1015 1130 1165

TSARY 2002-2014 have same set of hospitals and
were conducted along with TSAR.
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\,_(((i The Power of CHROMagar Candida

C. albicans |
C. glabrata C. albicans
| C. tropicalis
C. krusel |
C. tropicalis C. alblcan_s |
C. parapsilosis
C. glabrata

C. tropicalis

11



{/ TSARY 2014

Frozen vials
| Streaked onto CHROMagar Candida

I I I [ 1
8 17 mixed 51 962 120 Re-ID ITS/D1D2
no Yeast/yeast-like | | | All cpa, cne, tsp, and rare species
growth
| ITS | ITS 938 2£I Consistent with Hosp.:
8 cal cgl 21cgl ~ Consistent  Inconsistent 14 cne, 5 tsp, 3 poh, 2 cdu, 1 cha, 1 cru
3 cal ctr 20ctr With Hosp. with hospital
1 cal clu 3 cpa 66 cpa com: 50 cpa, 3 ctr, 5 cmeta, 8 others
1 cal csp 2 cal | ITS/D1D2 12 ckr: 7 ckr, 2 cpa, 1 cgl, 1 ctr, 1 poh
1 cgl cpa 1 ckr | ‘ | - 4 cgu: 3 cgu, 1 cpa
1 cgl cno 1 corth | 4 C. glabrata 10 C. tropicalis 4 cfa: 3 ctr, 1 cgu
1 cpa cpe lcry :
1 tas bacterium1 tas 10 C. albicans | g ¢q) 3clu: 2 clu, 1cgu
lmca  2cal 6 ctr 2 cal 1 csa: cmeta
2 ctr 2 cql 1 cpa 1 cut: cgl
1 apu 1 ckr L ral-
1cpa rgl: cmeta
1 tbe: cal
1 tmu: pap
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The Distribution of Species in Specimens
aving Mixed Yeast Cultures (TSARY 2014)

o

cal ctr cgl cpa

cglcgl ctr can clu cno cgl cgl cglcpa can ckr clu cpe

ctr Cpachno
Ascites(1/3)* 0 2 1 0 0 O 0 0 0O O O O O O
Blood (1/5) 12 1 0 0 0 0000 O 0 0 1
Spuum(7/12) 0 3 5 0 1 1 0 1 0 0 0 1 0 O
Urine (5/13) 05 1 1 0 0 1 030 1 0 1 0
Wounds (2) 00 1 0 0 0 0 O0O0OTU1 0 0 0 O
Tip (1/2) 00 2 0 0 0 0 0O0O0 OO0 0 O
Pus (1) 00 00 0 O 0O0O0OT1 0 O0 0 O
Stool (1) 00 0 0 0 0 0010 OO0 0 O
Mouth (1/1) 01 0 0 0O O 0 O0OO O 0 0 O
TA(L) 00 00 0 O O0O0110 0O O O
Total (16/41) 1 13 11 1 1 1 1 1 5 2 1 1 1 1

*Number of mix specimen identified by NHRI/total specimens, cal: C. albicans, can:
Candida sp. , cgl: C. glabrata, ckr: C. krusei, clu: C. lusitaniae, cno: C. norvegensis,
13 cpa: C. parapsilosis, ctr: C. tropicalis, cpe: C. pelliculosa, TA: Tracheal aspiration.




CHROMagar Candida medium is good for specimens from

Sterile sites
Patients having fever after antibacterial treatment
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r(((:Species Distribution Causing Candidemia

World (1992-2001) SENTRY (2008-2009) TSARY (2002-2006)

Blood Blood Invasive infections
Species N =6080 CMI 2004 N =1354 AAC 2011 N=339 MM 2010
C. albicans 3401 (55.9) 655 (48.4) 182 (53.7)
C. tropicalis 585 (9.6)* 143 (10.6)* 75 (22.1) **
C. glabrata 984 (16.2) 247 (18.2)* 42 (12.4)*
C. parapsilosis 796 (13.1)** 232 (17.1)** 31(9.1)** L_ess
C. krusei 153 (2.5)° 27 (2) 3(09)° fluconazole
C. lusitaniae 67 (1.1) 0 0 -
C. dubliniensis 3 (0.05) 16 (1.2) 0 prophylaxm
C. guilliermondii 48 (0.8) 8 (0.6) 2(0.6) INn Talwan
C. kefyr 10 (0.16) 6 (0.4) 0
C. famata 10 (0.16) 3(0.22) 0
C. lipolytica 4 (0.07) 3(0.22) 0
C. rugosa 5(0.08) 2 (0.15) 1(0.3)
C. sake 2 (0.03) 2 (0.15) 0
C. pelliculosa 6 (0.1) 2 (0.15) 0
C. inconspicua 3 (0.05) 1 (0.07) 0
C. lambica 1 (0.02) 1 (0.07) 0
C. norvegensis 1 (0.02) 1 (0.07) 0
C. zeylanoides 1(0.02) 1(0.07) 0

15 *number of isolates (percentage)
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{/ The Distribution of Body Sites

Source Urine Sputum Blood Wound Ascites Tip Pus others Total
Total 1810 684 754 169 142 166 130 403 4258
% 425 161 177 4.0 33 39 31 95 100
2014 520 158 240 34 38 35 45 98 1168
% 445 135 205 29 33 3.0 39 84 100
2010 500 149 224 42 33 54 30 98 1130
% 442 132 19.8 3.7 29 48 2.7 8.7 100
2006 416 166 160 46 38 27 41 121 1015
% 41 16.4 158 45 3.7 27 4 119 100
2002 374 211 130 47 33 50 14 86 945
% 39.6 223 137 5 35 53 15 91 100

2/3 of 1solates were from urine, sputum, and blood.
Isolates from blood increased since 2010.

16




(
\ﬁ Distribution of Species from Blood

C. albicans C. tropicalis C. glabrata C. parapsilosis  Others Total

No. %0 No. % No. % No. % No. % No.

2014
blood 10041.7 46 192 43 179 27 113 24 10 240
Subtotal 392 ND 294 252 325278 58 5 99 8.5 1168
2010

blood 10346.2 41 184 22 99 35 157 22 99 223

Subtotal 423 ND 270 24 262232 87 7.7 85 7.5 1127
2006

blood 79 506 31 199 20 128 9 58 17 109 156

Subtotal 419 ND 248 244 211208 62 6.1 75 7.4 1015
2002

blood 48 429 29 259 13 116 19 17 3 2.7 112
1§ubtotal 406 ND 244 25.8 187198 63 6./ 45 4.8 945




Susceptibility to Fluconazole

MICs (mg/l)
At48 h C.albicans C.tropicalis C. glabrata C. parapsilosis C. krusei Others Total
2006 = 8 407 (97.1) 108 (43.9) 169 (80.1) 61 (98.4) 0 11 (91.7) 756 (78.4)
16-32 2 (0.5) 6 (2.4) 33 (15.6) 1(1.6) 0 1(8.3) 43 (4.5)
= 64 10 (2.4) 132 (53.7) 9 (4.3) 0 14 (100) 0 165 (17.1)
Subtotal 419 246 211 62 14 12 964
2002 =8 373 (94.4) 235 (96.3) 93 (49.7) 63 (100) 1(11.1) 7 (63.6) 772 (84.9)
16-32 17 (4.3) 9 (3.7) 91 (48.7) 0 1(11.1) 2 (18.2) 120 (13.2)
= 64 5(1.3) 0 3(1.6) 0 7(77.8) 2 (18.2) 17 (1.9)
Subtotal 395 244 187 63 9 11 909
1999 =8 221 (93.2) 129 (79.1) 121 (77.6) 50 (98) 0 13 (86.7) 534 (84.5)
16-32 7 (3) 10 (6.1) 22 (14.1) 1(2) 3 (30) 2 (13.3) 45 (7.1)
= 64 9(3.8) 24 (14.7) 13 (8.3) 0 7 (70) 0 53 (8.4)
Subtotal 237 163 156 51 10 15 632

Breakpoints before 2010: MICs = 8: Susceptible, 16-32: SDD, = 64: Resistant. Trialing growth issue.

Are C. tropicalis isolates with azole reduced-
susceptibility genetically related? i
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,?/ Two Closely Related Fluconazole-
' Resistant Candida tropicalis Clones
Circulating in Taiwan from 1999 to 2006

i e 18 isolates of DST140 were isolated
Sl from 10 different hospitals
localized in all four geographic
regions in Taiwan.
7 isolates of DST98 were also
. oo Isolated from 4 different hospitals
S located in both north and south
S Taiwan.
-0 = 3 isolates of DST149 from 3
“ o different hospitals in north.

080175 Urine
YMOBOT76 Catheter
140 YMOS0098 Sputum
YMOB0102 Sputum
i

BBBBBBBBBBBBB

Y
Resistant

MLST: Multilocus sequence type

19



({/ Azole Susceptibilities of Candida sp.

C.albicans C. tropicalis C. glabrata C. parapsilosis C. krusei Others Total

2010 Total 422 270 258 87 18 28 1083
2014 Total 397 294 308 58 11 31 1099

MIC (mg/L) Fluconazole

2010 =2 418 269 232 86 1 23 1029
4 2* 1* 15 0 0 5* 23
8 0 0 0 17 9 0 10
16 2" 0 7 0 8 0 17
32 0 0 2% 0 0 0 2
= 64 0 0 2% 0 0 0 2

2014 <2 396 247 160 58 0 28 889
4 0 22% 125 0 1 2* 150
8 0 2* 7 0 4 0 13
16 0 0 5 0 5 1# 11
32 0 18* 7* 0 0 0 25
> 64 17 5% 4" 0 1 0 11

\Voriconazole

2010 = 0.125 419 270 248 87 18 28 1070
0.25 0 0 8 0 0 0 8
1 3" 0 2 0 0 0 5

2014 <0.125 395 267 293 58 10 30 1053
0.25 1 3 4 0 0 1 9
0.5 0 1 7 0 1 0 9

1 0 19 4 0 0 0 23

2 0 2" 0 0 0 0 2 w‘ '
>8 1% 2# 0 0 0 0 3 -

oo MIC, minimum inhibitory concentration; *susceptible-dose dependent; #resistant



Clade A replaced
the dominance of
the clade B as the
mayjor clone of
fluconazole-
resistant C.
tropicalis In
clinical settings In
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vy Summary of Five TSARYSs

\ « ‘

There is an increased rate of mixed cultures.

Urine (42%) was the most common source, followed by sputum (18%),
blood (15%o) etc.

The distribution of Candida species was similar.
Candida albicans is the predominant species accounting for half of
Invasive infections.
Candida tropicalis was one of the most frequently isolated non-
albicans Candida sp. and had high fluconazole resistant rate.
The prevalence of candidemia caused by Candida glabrata
Increased in 2014.

Two closely related fluconazole resistant C. tropicalis clones (DST98
and DST140) circulate in Taiwan from 1999 to 2006.

An Emerging Azole-Resistant Candida tropicalis DST591 Clone in
Talwan

Mayjority of isolates are susceptible to amphotericin B (97.5% to
99.9%0) and anidulafungin (99.6% in 2010).

22



‘;(/ How Can These Closely Related Clones
' Widely Distribute?

Same azole drugs are used in humans, animals, and plants
because the same groups of fungi cause disease in humans,
animals and plants. About 80% of plant infections are due to
fungi. The implications of this for development of resistance are
unknown.

These closely related clones may be transmitted by
different means instead of person to person.

Animals?

Foods? (Fruits, orange juice, cider)

Contaminated Medical supply?

Environments: Water? Soil?

Dr. Lee at NHUE had recovered 56 C. tropicalis isolates from
different soil samples from 2006 to 2008.

23



+7/ Approximately 1/3 of 56 Candida tropicalis from
\ L~ Soil with Reduced-Susceptibility to Fluconazole \

North Middle South
I(\;Inﬁ) y-ll_;on I;I;:]lun Cmgg Miaoli r_]r:r'] thiS?\g Total
0.125 0 1 0 0 0 0 1
0.25 1 0 0 0 0 1
0.5 6 2 0 2 14 3 27
1 0 2 0 0 0 3
2 1 0 0 0 0 0
4 1 0 0 0 0 0
8 1 0 0 0 0 0
= 64 7 5 1 3 1 1 18
Total 17 10 1 5 15 8 56

24



‘;(/ Candida tropicalis from Soil and Humans
Were Genetically Closely Related

North Middle South
DST Tao Hsin  Chang Miao Tal Kao Total
yuan chu hua li nan hsiung
140 0 0 0 1 1 1
149 1 5 3 0 0 0
Other5 5 0 0 0 0 0 5
Total 7 5 3 1 1 1 18

18 of 56 (32%0) C. tropicalis with reduced-
susceptibility to fluconazole and 12 of 18 (67%0)
were DST140 or DST149, which were found In
Isolates from human.
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How can pathogenic yeasts in soil
transmitted to humans?

How about the Yeasts from
Surfaces of Fruits
In Supermarkets in Taiwan?

26



i Isolation of Yeasts from Fruits

200 ml
<>, peptone water

—> \—

@ Centrifuge

200 pl liquid Discard

m vortex and incubate at supernatant

D 25 °C for 1- 2 days u add 2 x YPD
1 < |

CHROMagar medium Rgﬁ

Y
27
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Distribution of Yeast Species

(
5

Type of fruit (number of total fruit sampled/number of sampling)
Mango Melon Pear Citrus Grape Tomato Lemon Peach Starfruit Waxapple Jujube Banana Guava Coconut Kiwi Loquat Papaya Plum Saltedolive Shakya Persimmon Salted plum

species Total (36/6) (19/7) (31/7) (129/9) (900/5) (246/4) (26/2) (33/2) (9/3) (18/2) (73/2)  (11/2) (10/2)  (3/1)  (10/1) (30/1)  (4/2)  (100/1) (2411) (4/1) (3/1) (26/1)
Total 184 22 21 20 18 12 12 8 8 8 8 7 5 5 4 4 4 4 4 3 3 2 2
Pichia kluyveri 24

Candida fermentati* 17

Hanseniaspora opuntiae 10

Hanseniaspora uvarum 10

Candida quercitrusa*
Candida famata*
Hanseniaspora thailandica
Sporidiobolus pararoseus
Lodderomyces elongisporus*
Candida oleophila
Candida natalensis
Candida railenensis
Candida sorboxylosa
Rhodotorula mucilaginosa*
Aureobasidium melanogenum*
Candida krusei*
Candida pulcherrima*
Candida tropicalis*
Debaryomyces nepalensis*
Issatchenkia occidentalis
Rhodosporidium paludigenum
Rhodotorula glutinis*
Candida catenulata*
Candida conglobata*
Candida orthopsilosis*
Candida valida*
Cryptococcus flavescens*
Issatchenkia terricola*
Pichia aff. Fermentans Y153
Rhodotorula diobovat
Trichosporon asahii*
Aureobasidium pullulans*
Candida akabanensis
Candida diversa
Candida guilliermondii var.
membranifaciens*
Candida guilliermondii*
Candida intermedia*
Candida lipolytica*
Candida nonsorbophila
Candida parapsilosis*
Candida pelliculosa*
Candida xylopsoci
Cyberlindnera xylosilytica
Hanseniaspora guilliermondii
Pichia mexicana*
Pichia pijperi
Pseudozyma fusiformata
Pseudozyma hubeiensis
Rhodosporidium babjevae
Rhodotorula dairenensis*
Saccharomyces bulderi
Saccharomyces cerevisiae*
Torulaspora delbrueckii
Trichosporon jirovecii*

2 Wickerhamomyces pijperi 1 0
*Has been reported to cause diseases in humans
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Distribution of Yeast Species

29

22 different types of fruits

184 isolates,

55 species

29 species, including Candida famata, Candida
fermentati, Candida guilliermondii, Candida
Intermedia, Candida krusei, Candida orthopsilosis,
Candida parapsilosis, Candida pelliculosa, Candida
tropicalis, and others have been reported to cause
diseases in humans.
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MIC (mg/l)
fluconazole triadimenol
Species 2 4 816 32 64 2 4 8 16 32 64 Total
Total 59 11 5 30 65 19 19 115
Pichia kluyveri 0 17 5 12 24
Candida fermentati* 15 10 17

Candida quercitrusa™
Lodderomyces elongisporus*
Candida famata*
Rhodotorula mucilaginosa*
Candida natalensis
Candida krusei*

Candida pulcherrima*
Candida tropicalis*
Issatchenkia occidentalis
Candida oleophila

Candida railenensis
Candida sorboxylosa
Debaryomyces nepalensis*
Rhodotorula glutinis*
Candida catenulata*
Candida conglobata*
Candida orthopsilosis*
Rhodotorula diobovat
Aureobasidium melanogenum*
Rhodosporidium paludigenum
Cryptococcus flavescens®
Trichosporon asahii*
Candida akabanensis
Candida guilliermondii var.
membranifaciens*

Candida guilliermondii*
Candida intermedia*
Candida nonsorbophila
Candida parapsilosis*
Candida pelliculosa*
Candida xylopsoci

Pichia mexicana*

Pichia pijperi

Pseudozyma fusiformata
Rhodosporidium babjevae
Rhodotorula dairenensis*
Saccharomyces bulderi
Saccharomyces cerevisiae*
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Drug Susceptibility
C. krusel, all
Rhodotorula and
Rhodosporidium species
were resistant to
fluconazole.

One each of C.

tropicalis isolate was
belonged to diploid
sequence type
(DST)149 and DST225,
genotypes also detected
In isolates from humans.




f/ | Antifungal Susceptibilities of 112 Candida spp. at 48-h

Amphotericin B Fluconazole Triadimenol
Species / MIC (mg/L) =2 =4 =8 16-32 =64 =8 16-32 =64  Total

Candida guilliermondii 16 16 0 6 9
Candida pulcherrima 16
Candida famata
Candida quercitrusa
Candida catenulata
Candida fermentati
Candida intermedia
Candida sphaerica
Candida parapsilosis
Candida tropicalis
Candida conglobata
Candida haemulonii
Candida inconspicua
Candida lusitaniae
Candida orthopsilosis
Candida sorboxylosa
Candida zeylanoides
Others

Total 109 102

MIC: minimum inhibitory concentration
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Fruits as the vehicle of drug resistant
pathogenic yeasts

Lo, et al. J Infect. 75, 254-262.

WHY?




J Annual Pesticides Use In Talwan
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Year
Tons 2005 2007 2009
Azole 106 151 144
Fungicides 2254 2306 2210
Total 9228 9492 8589

Similar type of azole drugs used in medical and
agriculture needs more attention.

Taiwan Crop Protection Industry Association
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{/ summary

1. The importance of drug resistant Candida auris
2. The importance of mix yeast infections

3. The prevalence of candidemia caused by C.
glabrata increased in 2014.

4. The important of C. tropicalis in Talwan

a. C. tropicalis isolates from soils and fruits are
genetically closely related to those from humans.

b. Major clone of fluconazole-resistant C.
tropicalis In clinical settings in Taiwan has
switched from DST140/98 to DST591.

c. How genetically related C. tropicalis clones
coexist in environments and humans? %
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