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All of these isolates harbored FKS HS alterations and FKS2 HS1 S663P/F
(16/3 isolates), FKS2 HS1 F659S/V/Y (8 isolates), and FKS1 HS1 S629P

Table 1. Species distribution of Candida isolates: SENTRY, 1997-2016 Table 3. Trends in echinocandin resistance: SENTRY, 2006-2016 -

Year No. tested % by species Group 2006-2008 2009-2011 2012-2014 2015-2016 2006—-2016 ' _
' CA CG CP CT CK Candida albicans 0.1% (1/1,356) 0.2% (4/1,904) <0.1% (1/2,393) 0.2% (3/1,694) 0.1% (9/7,347) (6 isolates) were the most common mutations detected

* |nvasive fungal infections (IFls) are associated with high morbidity and 1997—-2001 5,067 57 .4 16.0 12.3 9.1 2.5 Candida glabrata 6.7% (28/418) 4.9% (38/781) 3.3% (33/999) 1.5% (11/717) 3.8% (110/2,915) - 5 isolates carried double mutations

mortality rates and elevated hospitalisation costs 2006-2008 2,648 51.2 15.8 16.8 10.6 2.0 Candida parapsilosis 0.0% (0/444) 0.4% (3/749) 0.0% (0/798) 0.0% (0/526) 0.1% (3/2,517) . 9 C. albicans isolates were NS to caspofungin and 8 were NS to micafungin: al

: . 2009-2011 4,197 45.4 18.6 17.8 10.1 2.5 Candida tropicalis 1.1% (3/281) 0.2% (1/424) 0.4% (2/478) 2.0% (6/304) 0.8% (12/1,487) - © ) . . . '

- Candida species are among the most frequent causes of IF| 2012-2014 5,223 458 19.1 15.3 9.2 3.1 Candida krusei 7.4% (4/54) 1.9% (2/107) 0.6% (1/161) 0.0% (0/101) 1.7% (7/423) exhibited mutations encoding an FKS1 HS1 alteration (S645P [S isolates] and 4
« Resistance to clinically available antifungal agents among Candida spp. is 2015-2016 3.653 46.4 196 14 4 83 28 others)

still uncommaon, but these isolates are inCFeaSinQ'Y reported worldwide CA, Candida albicans; CG, Candida glabrata; CP, Candida parapsilosis; CT, Candida tropicalis; CK, Candida krusei ° Among O isolates of C. tropicalis NS to echinocandins and harbOring FKS

mutations, 8 were from the United States and 1 was from Brazil

FKS1 HS1 mutations included S654P (3 isolates), S645P (3 isolates), and 3
others

- Monitoring antifungal susceptibility patterns and resistance mechanisms
to clinically available antifungal agents is of continuing importance -

. The SENTRY Antifungal Surveillance Program is a global program that has Table 2. Trends in fluconazole resistance: SENTRY 1997-2016 Figure 1 Species distribution of Candida BSl isolates by geographic region: SENTRY, 2006-2016

been ongoing for 20 years (1997-2016) and collects consecutive invasive Species Year No. tested % Resistant (n)? North America (6,401 tested) - 5 (55.6%) isolates were resistant to all 3 agents
iIsolates of Candida from hospitals located in North America, Europe, Latin C. albicans 1997-2001 2,907 1.2 (36) - . . . .
Py : . : : 60 * Notable observations included elevated echinocandin MICs (MIC 20.5 mg/L)
merica, and Asia-Pacific regions during each calendar year 2006-2008 1,356 0.2 (3) . . . g y . .
® o 90| 55 among C. auris, C. fermentati, C. guilliermondii, C. haemulonii, C. lipolytica,
n thi . . e 2009-2011 1,904 0.3 (5) 2 . 2 . > - e o
* In this study, we rewevyed the geographlc qnd te_mporal \{a_rlat_lons In the 2012-2014 2393 0.4 (10) g o| I 2 o C. lusitaniae, C. orthopsilosis, and C. metapsilosis
g:gg;gfeydogrt]?i?ugagﬁrlg; sstgizlees f;ﬁ:g‘g invasive candidiasis (IC) and the 2015-2016 1,694 0.1(2) 2 20 %23 2 20 » Elevated fluconazole MIC values (MIC >4 mg/L) were observed for isolates
J P 1997-2016 10,254 0.5 (56) ° 18 148 >0 29 ° 18 16.0 15.4 o 30 of C. auris, C. fermentati, C. guilliermondii, C. haemulonii, C. inconspicua,
C. glabrata 1997-2001 313 6.3 (91) C. albicans  C. glabrata C. parapsilosis C. tropicalis  C. krusei C. albicans  C. glabrata C. parapsilosis C. tropicalis  C. krusei C. lipolytica, C. lusitaniae, C. metapsilosis, C. norvegensis, and C. Of'thOpSi/OSiS
2006-2008 418 8.6 (36) Candida BSl isolates Candida BSl isolates
2009-2011 781 7.8 (61)
Materials and Methods 2012-2014 999 10.1(101) :
2015-2016 56 (40 Conclusions
. o . . 1997-2016 3,728 7.8 (289)

* Atotal of 20,788 nvasive |solat_es_ Pf _Car_idlda SPP- (:.37 species) were Collecte_d C. parapsilosis 1997-2001 625 2.6 (16) o : Asia-Pacific (1,722 tested) * |n summary, we have provided a 20-year comparison of differences in
as part of a global surveillance initiative in 151 hospitals located in 41 countries 2006—2008 444 5.4 (24) 50 species distribution and overall antifungal susceptibility profiles among
(Table 1) 2009—2011 749 3.1 (23) g 5 IC-causing Candida isolates from 4 broad geographic regions: North

* |solate identification was confirmed at the central monitoring laboratory (JMI 2012-2014 798 3.1 (25) g ;18 44.7 America, Latin America, Europe, and Asia-Pacific
Laboratories, North Liberty, lowa, USA) using molecular and proteomic methods ?8;?—;812 3512252 35-75 (12197) g. 20 . The results document the sustained activities of fluconazole and

« Susceptibility testing was performed for anidulafungin, caspofungin, micafungin, E—— 1997:2001 4,160 2‘4((11)) ks 10 16.9 14.9 14.8 6 ech_inocandin _antifungal agents against all IC isglates excepj[ for multidrug-
fluconazole, and voriconazole using the CLSI reference broth microdilution method e 2006—2008 281 25 (5) C. albicans _C. glabrata C. parapsilosis C. tropicalis _C. krusei resistant species, such as C. glabrata, C. krusei, and C. auris

« Fluconazole has been tested since 1997, and the echinocandins have been 2009-2011 424 1.9 (8) Latin America (1,631 tested) Candida Bl isolates - Differences in species distribution observed among the 4 regions may be
tested since 2006 2012—2014 478 6.3 (30) 60 " due to several factors, but they most likely reflect differences in antifungal

Q“QQ . . .

« CLSI clinical breakpoints were used for the most common species of Candida, ?8;?2812 1382'7 gg ((152) 8 28 o o usage and local infection control practlces. | |
and recently published epidemiologic cutoff values (ECOFFs) in CLSI M39 were T —— ST _,t _ ’ .3 (64) 2 3| \.f:  The emergence of less common yet potentially MDR strains, such as C. auris,
applied for less common Candida species oresistant(n = no. resistant isolales) by L1 (012) erferi 2 20 2%2 is a grave concern and argues in favor of continued global surveillance efforts

S~ 10 7.1 17.0 i : :

* Quality control was performed as recommended in CLSI M27, and all results ' | I to detect, characterize, and report new pathogenic species
were within established ranges . Resistance to fluconazole was observed among 0.5% of C. albicans, 3.7% of o abeans & glabra?an%igjrsgflilzzﬁtgétmplcahs e All regions (15,721 tested) /)'

« Candida spp. isolates with MIC values higher than the ECOFF for the C. parapsilosis, 3.3% of C. tropicalis, and 7.8% of C. glabrata (Table 2) ’
echinocandins were screened for FKS hot spot (HS) mutations as previously - Fluconazole resistance rates against the 4 most common species of Candida 8 .o e Acknowledaements
described stratified by geographic region are displayed in Figure 2 2 20 9

: : : . . 2 20
- AN mcrea_se '_n fluconazole r_eSIStanC_e _among C. glabrata a_nd C. _tl_‘OpICc’:I_IIS was = 10 L 16.0 9.9 57 The authors thank all participants of the SENTRY Program for their work in providing fungal isolates.
reflected in high rates of resistance in isolates from the Asia-Pacific region 0 '
(7.9% and 10.2%, respectively) and North America (10.6% C. glabrata only) C. albicans  C. g’abfa? %,gaf;’gf’_"’sff- tropicahis  C. krusei
anaiaa ISolates
. . . . « Cross-resistance between fluconazole and voriconazole was common in
* Among the 20,788 isolates of Candida submitted for testing from 1937 to 2016, fluconazole-resistant strains of C. albicans (35.0% susceptible to voriconazole) Refe frences
49.3% were C. albicans, 17.9% were C. glabrata, 15.1% were C. parapsilosis, and C. parapsilosis (32.7% susceptible to voriconazole)
9.4% were C. tropicalis, 2.6% were C. krusei, and 5.7% were miscellaneous e | | | | | o
Candid Voriconazole resistance was V”'tua”y Complete for fluconazole-resistant B_ongomln F,.Gago S, Oladele RO, e_t al. (2017). Global and multi-national prevalence of fungal
anaiaa spp. - - ST diseases-estimate precision. J Fungi (Basel) 3: e57
Species distribution by time period is displayed in Table 1 C. glabrata (0.0% susceptible [MIC, 0.5 mg/L] to voriconazole) and C. tropicalis Castanheira M, Deshpand .LM Davis AP, et .| (20.17) Monitori tifungal resist in a global
- o] " " = = » H . astanneira vl, besnpande , JaVIS , et al. . Mionitoring antirungal resistance In a gioba
: : : o/ (3.6% susceptible to voriconazole) Flgure 2 Fluconazole resistance by geographlc region. SENTRY’ 2006-2016 collection of invasive yeasts and moulds: Application of CLSI epidemiological cutoff values and whole
- The relative frequenC_y of C. albicans decreased steadily from 57.4% in Temporal variation in the resistance to echinocandins for the 5 most common genome sequencing analysis for detection of azole resistance in Candida albicans. Antimicrob Agents
1997-2001 to 46.4% in 2015-2016 Candida SpeCieS is shown in Table 3 12 165/1 554 Chemother 61: e00906.
. . ’ 26/254 - . .
- C. glabrata was the most common non-albicans species overall (17.9%) and - Resistance to 1 or more of the echinocandins was uncommon (range, 0.1% Region S,[;;;;E?gz?guléiz%?gﬁ% ?;2;;3;@3?;3?& (3}9”167)#%2515\%1?5- Reference method for broth dilution
showed a steady increase from 16.0% in 1997—-2001 to 19.6% in 2015-2016 - : - aic (| 9 a-Pacif ' T |
| y ° | ° o to 2.0%) among 'SOIa_teS .Of C. albicans (0.0% to 0.1%), C. parapsilosis (0.0% - B Asia-Pacific 23/291 23812515 Clinical and Laboratory Standards Institute (2017). M60Ed1E. Performance standards for antifungal
* The frequencies of IC due to the 5 most common species of Candida in the 4 to 0.1%), and C. tropicalis (0.5% to 0.7%) g Europe susceptibility testing of yeasts. Wayne, PA: CLSI.
geographlc areas partICIpatlng in the SENTRY Program are shown in Flgure 1 - Resistance to anidu|afungin (22%) Caspofungin (34%) and miCafungin ' 0O Bl Latin America 47/955 Clinical and Laboratory Standards Institute (2018). M59Ed2E. Epidemiological cutoff values for
‘o . : 0 : : ’ 2 I North America 421918 17/394 antifungal susceptibility testing, second edition. Wayne, PA: CLSI.
* Only 6 C. auris isolates were detected: 1 each in 2009 (Germany), 2013 (New (1.6%) was most common among C. glabrata isolates < B Al regions 35049 101/2,517 55/1 487 faller MA. Diskema DJ (2004). Twel o SRR
: : o _ _ _ _ _ °© | : aller MA, Diekema . Twelve years of fluconazole in clinical practice: global trends in
Lork)’Y20k14 (Colombia), and 2015 (New Jersey) and 2 in 2016 (both from The majority of echinocandin-resistant or non-wild-type isolates (54/71; 76.1%) 3 71256 11/446 i species distribution and fluconazole susceptibility of bloodstream isolates of Candida. Clin Microbiol
ew York) were collected from North America and 51/71 (71.8%) isolates were C. glabrata N 30277 Infect 10 Suppl 1: 11-23.
- These isolates were all from nosocomial bloodstream infections; 4 were from : : : : : : 2770 7/13131  1/715 ’ 207,347 Pfaller MA, Messer SA, Woosley LN, et al. (2013). Echinocandin and triazole antifungal susceptibility
. . . SSP ’ Among 51 C. glabrata isolates displaying nonsusceptible (NS) echinocandin MIC — - i R ’ - . o
the intensive care unit, and 3 from the same institution in New York ValueSg 40 (78?4%) were NS to a”% a};dgall were NSptO at(leas)t 5 of the tested 0 C. albicans C. glabrata C. parapsilosis C. tropicalis profiles for clinical opportunistic yeast and mold isolates collected from 2010 to 2011: application of

- Fluconazole MIC values for C. auris isolates were all 264 mg/L

echinocandins

Species (no. resistant/no. tested)

new CLSI clinical breakpoints and epidemiological cutoff values for characterization of geographic and
temporal trends of antifungal resistance. J Clin Microbiol 51: 2571-2581.



