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Abstract. - OBJECTIVE: Recent research
has suggested that fungemia may demonstrate
an epidemiologic shift in etiologic agents. This
study focuses on the agents causing fungemia
and antifungal resistance in a tertiary hospital.

PATIENTS AND METHODS: We evaluated
all-age fungemia cases admitted to Balikesir
Ataturk City Hospital in 2017-2021. Blood cul-
tures (BC) were studied using BacT/Alert® 3D
(bioMérieux, Marcyl’Etoile, France) and Render
BC128 System (Render Biotech Co. Ltd., Shen-
zhen, China). On the data, we explored only the
first fungal positive samples or the first isolates
in different episodes of the same patients. Upon
The Clinical and Laboratory Standards Institute
(CLSI) disk diffusion guidelines, conventional
methods and the Phoenix™ 100 System (Becton
Dickinson, Franklin Lakes, NJ, USA) were uti-
lized for antifungal susceptibility identifications.

RESULTS: The findings showed that 325 (0.84%)
of 38,682 BC sets were positive for fungal growth.
Except for four cases (1.2%) [Saprochaete capitata
(n = 2); Trichosporon asahii (n = 1), and Saccharo-
myces cerevisiae (n = 1)], all positive cases yield-
ed Candida spp. (98.8%) growth. In these patients,
the following Candida spp. were isolated: Candida
albicans complex (n = 155; 47.7%), Candida para-
psilosis complex (n = 127; 39.1%), Candida glabra-
ta complex (n = 19; 5.85%), Candida tropicalis (n
= 12; 3.7%), Candida kefyr (n = 5; 1.54%), Candida
krusei (n = 2; 0.62%), and Candida guilliermondii
complex (n = 1; 0.31%). We also realized that while
none of the Candida spp. had echinocandin resis-
tance, 8 C. parapsilosis complex isolates were re-
sistant to fluconazole, and 17 C. parapsilosis com-
plex and 2 C. tropicalis isolates were susceptible
dose-dependent to fluconazole.

CONCLUSIONS: In brief, antifungal resis-
tance is more likely to restrict therapeutic op-
tions, albeit it is, fortunately, not prevalent in
Turkey despite a few recent reports. Yet, a ro-
bust detection or management of antifungal
resistance requires species-level identification
and strict compliance with relevant management
guidelines. Besides, challenges in research may
be compensated with a national data set built
with data from local laboratories.
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Introduction

Invasive fungal infections (IFIs) are often
characterized by high mortality rates with a loss
of nearly two million annually'. Although IFIs are
associated with several predisposing factors (e.g.,
infections), there are also cases without such un-
derlying conditions. In general, etiologic agents
of IFIs are mainly predicted by geographic lo-
cation, clinical status, and underlying disorders;
nevertheless, the most prevalent causative agents
are known to be Candida spp — top five causative
species are Candida albicans complex, Candida
glabrata complex, Candida parapsilosis com-
plex, Candida tropicalis, and Candida krusei.
Recently, the literature has reported an epidemio-
logic shift in the alignment of causatives in IFIs'~.

Among the deadliest [FIs, the microbiological
diagnosis of fungemia mainly depends on blood
culture (BC) findings*. In the last decade, relevant
authorities [e.g., the European Society of Clinical
Microbiology and Infectious Diseases (ESCMID)]
have released several guidelines in the diagnosis
and management of fungemia cases®®. The recom-
mendations on these guidelines primarily hinge
upon the clinical status, infection types, and mo-
lecular structures of fungi, as well as their in
vitro susceptibility to antifungals. The European
Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) and The Clinical and Laboratory
Standards Institute (CLSI) have also integratively
published standard procedures, epidemiological
cut-off values (ECOFFs), and clinical breakpoints
(CBPs) in antifungal susceptibility testing (AFST)
to optimize antimicrobial therapy. Accordingly,
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species-level identification and AFST are routinely
recommended in fungemia cases since proper ear-
ly treatment directly affects its prognosis’'?. How-
ever, the reference broth microdilution (BMD) as
an antimicrobial susceptibility testing method is
known to be expensive and requires experienced
staff to be performed. Moreover, limited data exist
for only particular species and antifungals in CLSI
and EUCAST standards, further restraining labo-
ratories from leading clinicians in fungemia cas-
es’. On the other hand, CLSI disk diffusion is also
a reference but a more convenient testing method
with a recently widened spectrum, but it is still not
possible to assess any species except “Top 5127,

Epidemiologic alterations in etiologic agents
and antifungal resistance (AFR) may be a hot but
undermentioned issue within infectious diseases.
Besides, as in bacterial infections, surveillance
data of fungi is deemed essential for tracking the
local/national status of fungal infections to lead
to national guidelines. Thus, the present study at-
tempted to address fungemia agents in a five-year
period in a tertiary hospital and their antifungal
resistance in the last two years.

Patients and Methods

Sample

We considered the findings of routine blood
cultures (BCs) obtained from patients in all age
groups at Balikesir Ataturk City Hospital in 2017-
2021. BCs were studied using BacT/Alert® 3D
(bioMérieux, Marcyl’Etoile, France) and Render
BC128 System (Render Biotech Co. Ltd., Shen-
zhen, China). On the data, we explored only the
first fungal positive samples or the first isolates in
different episodes of the same patients.

Methods

All positive BC vials were Gram stained
and subcultured onto 5% sheep blood agar, eo-
sin-methylene blue agar, chocolate agar, Sab-
ouraud dextrose agar (SDA) with chlorampheni-
col and gentamicin (RTA Laboratories, Kocaeli,
Turkey), and ROSACHROM Candida Agar (Giil
Biology Laboratories, Istanbul, Turkey). Plates
were incubated at 35-37°C in a 5% CO, atmo-
sphere for at least 48 hours. Conventional meth-
ods and the Phoenix™ 100 automated system
(Becton Dickinson, Franklin Lakes, NJ, USA)
with cornmeal tween 80 agar (RTA Laboratories,
Kocaeli, Turkey) were utilized for antifungal sus-
ceptibility identifications.
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AFST

AFSTs were applied using the disk diffusion
method (Fluconazole 25 ug, Voriconazole 1 pg,
Caspofungin 5 pg; Bioanalyse, Ankara, Turkey)
upon the CLSI-M60 guidelines. Candida para-
psilosis ATCC 22019 and Candida krusei ATCC
6258 were used for quality control purposes!''?.
The testing could be applied for only the samples
obtained within two years since previous isolates
were not stockpiled, and regular AFST was not
possible at the center. Any test with suspicious
results was re-performed.

It should also be noted that AFSTs could not
be applied for C. glabrata complex, C. tropicalis,
Candida kefyr, Saprochaete capitata, Trichospo-
ron asahii, and Saccharomyces cerevisiae due to
lack of zone diameter breakpoints and interpre-
tive categories of tested antifungals. While flu-
conazole was not tested (intrinsic resistance-IR)
for C. krusei, Candida guilliermondii complex
was only tested against caspofungin (no data on
azoles). Finally, T asahii was reported as IR for
echinocandins. The findings were categorized
as susceptible (S), intermediate (I), susceptible
dose-dependent (SDD), and resistant (R).

Statistical Analysis

Since we designed the present research as
a retrospective descriptive study, we share the
ratios of fungemia-caused patient loss (FCPL)
by services given the patient data. In addition,
we statically analyzed the research data using
the SPSS 22.0 (IBM Corp., Armonk, NY, USA)
program. Categorical variables are denoted as
numbers and percentages, and we performed a
Chi-square test the compare the data between
the independent groups. A p-value < 0.05 was
considered statistically significant.

Results

The findings showed that 325 (0.84%) of
38.682 BC sets were positive for fungal growth.
Except for four cases (1.2%) [Saprochaete cap-
itata, (2), Trichosporon asahii, (1), and Sac-
charomyces cerevisiae, (1)], all positive cases
yielded Candida spp. (98.8%) growth. In these
patients, the following Candida spp. were isolat-
ed: Candida albicans complex (n = 155; 47.7%),
Candida parapsilosis complex (n = 127; 39.1%),
Candida glabrata complex (n = 19; 5.85%), Can-
dida tropicalis (n = 12; 3.7%), Candida kefyr
(n = 5; 1.54%), Candida krusei (n = 2; 0.62%),
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and Candida guilliermondii complex (n = 1;
0.31%). When it comes to species distributions
by service, while non-albicans Candida cases
were significantly predominant in intensive care
units (ICUs) and surgical services, the rate of C.
albicans complex isolations was found to be sig-
nificantly higher in internal medicine services
(p <0.001 for both; Table I).

Table II presents all AFST findings along with
the FCPL rates. Accordingly, all caspofungin-test-
ed Candida isolates were susceptible, while fluco-
nazole resistance was only observed in C. parapsi-
losis complex isolates (n = 8), three of which were
also categorized as I for voriconazole. Besides, 17
C. parapsilosis complex and 2 C. tropicalis so-

lates were SDD to fluconazole. The difference be-
tween FCPL rates of C. albicans complex (38.0%)
and non-albicans Candida (45.4%) was not statis-
tically significant (p = 352).

Discussion

Bloodstream infections (BSIs) are known to
be severe death-causing reasons with 13-20%
fatality rates. When compared to bacteremiae,
fungemiae are relatively rare but may end up
with mortality over 70%. Although Candida
spp. are mostly encountered organisms, recent
reports'>!* indicate a rise of rare species too. In

Table I. Distribution of Isolated Species by Service (2017-2021).

Internal medicine Surgical

ICUs™* services?* services?* Total

Species/Service N % N % N % N %
Candida albicans complex 129 41.13 15 4.62 6 1.85 155 47.6
Candida parapsilosis complex 113 34.77 4 1.23 10 3.1 127 39.1
Candida glabrata complex 14 431 1 0.31 4 1.23 19 584
Candida tropicalis 11 3.38 1 0.31 N 12 3.69
Candida kefyr 2 0.62 2 0.62 1 0.31 5 1.54
Candida krusei 2 0.62 N N 2 0.62
Candida guilliermondii complex 1 0.31 N N 1 0.31
Saprochaete capitata 1 0.31 N 1 0.31 2 0.62
Trichosporon asahii N 1 0.31 N 1 0.31
Saccharomyces cerevisiae N N 1 0.31 1 0.31
Total 325 100

!General adult, cardiovascular, surgical, neurology, neonatal, and pediatric ICUs; *Including pediatrics; *Pediatrics and adult
surgery services; *Non-albicans Candida cases were significantly predominant in ICUs and surgical services, while C.
albicans complex dominance was obvious in internal medicine services (p < 0.001).

Table II. Antifungal Susceptibility Profiles (2020-2021).

Fluconazole Voriconazole Caspofungin
(n, %) (n, %) (n, %) FCPL rate
(%)

Species/Antifungal R SDD R 1 R SDD p = 0.352!
Candida albicans complex N N N N N N 38
Candida parapsilosis complex 8(6.3%) 17 (13.4%) N 3 (2.4%) N N 41
Candida glabrata complex NA NA NA NA NA NA 58
Candida tropicalis N 2 (16.7%) N N N N 83
Candida kefyr NA NA NA NA NA NA 20
Candida krusei IR IR N N N N 50
Candida guilliermondii complex NA NA NA NA N N N
Saprochaete capitata NA NA NA NA NA NA N
Trichosporon asahii NA NA NA NA IR IR N
Saccharomyces cerevisiae NA NA NA NA NA NA N

FCPL: Fungemia-Caused Patient Loss; SDD: Susceptible dose-dependent; R: Resistant; I: Intermediate; IR: Intrinsic resistance;
NA: Not Applicable; N: None. 'The difference between FCPL rates of C. albicans complex (38.0%) and non-albicans Candida
(45.4%) was not statistically significant, but FCPL was higher in non-albicans Candida fungemia cases.
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addition, the frequency alignment among Candida
spp. is also in a change. Interestingly, the term
“mixed fungemia” has recently been coined in
the mycology literature, which implies the signifi-
cance of culture- and species-level identification to
be able to offer appropriate treatment'.

Firstly, while a previous study* at our center
shared 3-year epidemiologic data (2017-2019),
the present study attempted to depict 5-year data
of fungal BSIs (2017-2021) and AFR findings
of the last two years to contribute to local pre-
emptive and empirical therapies. Regarding our
findings, C. albicans complex was discovered to
be the most prevalent organism (n = 155; 47.7%),
as expected, albeit high rates of C. parapsilo-
sis complex (n = 127; 39.1%) seem alarming.
Our findings overlap with the results of a lon-
gitudinal study of a Turkey-based mycology
laboratory (21.5%)* and a nationwide study in
Italy (26.2%)'°. We also found that non-albicans
Candida cases were significantly predominant
in ICUs and surgical services, while C. albicans
complex dominance was conspicuous in internal
medicine services (p < 0.001 for both). On the
other hand, our C. parapsilosis complex isola-
tion rates were found to be higher than in other
studies, which may be attributed to insufficient
care of catheters since the majority of strains
were isolated from ICUs and surgical services.
Er et al”7 exactly reported the same issue, even
with a higher rate of isolation in their ICUs, since
Montagna et al'® stated that parenteral nutrition
in the ICUs may be a noteworthy risk factor
for fungemia caused by non-albicans Candida
species that exhibit a certainly higher mortality
rate than C. albicans complex. C. parapsilosis
complex was recently reported to be able to
show resistance to fluconazole (>10%) and/or
dwindling susceptibility, possibly due to clonal
spreading'®!®, In the first multicenter study? on
AFR in fungemia agents from Turkey, overall
fluconazole resistance of this organism was re-
ported to be 7.7%. In this study, our findings
revealed this rate to be 6.3%, slightly lower than
previous reports, but SDD rates may offer a clue
of future perspective (13.4%). We may classify
the “I” category of voriconazole susceptibility
(2.4%) as another notable issue, totally compat-
ible with the mentioned report (2.1%). In their
study, Er et al'7 documented significantly higher
levels of AFR for both azoles, which might
be because of methodological differences (i.e.,
utilizing the gradient strip test, non-reference
method). Similarly, the literature hosts Turkish
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reports utilizing different methodologies and
suggesting resistance rates in a wide spectrum
(e.g., fluconazole R: 0-27%; voriconazole SDD:
0-2.1%)*%. Nevertheless, further research may
need to scrutinize high rates C. parapsilosis
complex isolations with more “standardized”
Turkish data on AFR.

FCPL rates of C. albicans complex (38.0%)
and non-albicans Candida (45.4%) did not show
a significant difference (p = 0.352; Table II).
Nevertheless, while being higher in non-albi-
cans Candida fungemia cases, this rate was the
highest in C. tropicalis cases (83%). C. tropicalis
is usually not that prevalent among fungemias,
but it is particularly noteworthy that most of C.
tropicalis-BSls in lost patients were sourced by
urinary tract (UTIs) and potentially nosocomial
cases. This situation may indicate the same prob-
lem as in C. parapsilosis complex, and clonal
spreading was also stated?*. On the other hand,
there is a paucity of data on the global AFR of
C. tropicalis, but the rise of azole non-suscepti-
bility (even pan-azole R) has become a concern
recently”. Several Turkey-based studies>***' did
not observe R to azoles in fungemia cases, as
in our study (only two isolates were SDD to flu-
conazole). However, relevant guidelines should
compose and recommend a more dedicated phar-
macological approach, as well as potential micro-
biological resistance, by infection site.

It is particularly interesting that we detected
rare species, such as S. capitata, T. asahii, and
S. cerevisiae, as causative agents along with C.
kefyr and C. guilliermondii complex. Although
the ESCMID? published a management guide-
line for these rare yeasts, it is barely known of
their AFR potential and therapeutic success
against any antifungal agents. In their study,
Alp et al*® obviously stated that fungemia by
noncommon species is often underestimated;
thus, its susceptibility patterns may show vari-
ations. Besides, it is deemed crucial for a
laboratory to be aware of diagnostic insuffi-
ciency of conventional and automated methods
(BD Phoenix™ 100, Becton Dickinson (Bec-
ton Dickinson, Franklin Lakes, NJ, USA), and
VITEK 2, bioMérieux, Marcyl’Etoile, Paris,
France) since there was evidence in previous
research??’ regarding misidentifications of un-
common species, including Candida auris; this
may be how our study differs from the men-
tioned studies. Although the novel technology
MALDI-TOF MS offers promising results to
achieve this goal, joint and comparative us-
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age of different techniques can also be rather
helpful in facilities®. Of note, it should not be
ignored that uncommon species might be the
causative agent of a breakthrough infection due
to their variable susceptibility patterns®; there-
fore, laboratories are recommended to inform
clinicians immediately about such isolations.

Limitations

The present study has a few limitations. Since
the CLSI disk diffusion method offers a rather
limited spectrum of interpretation, we could not
comment on particular species, including C. gla-
brata complex''. In addition, we could not make
any further evaluations of these species (e.g., FKS
mutation screening), which was already beyond
the scope of this study. Besides, we could not
categorize BSIs (e.g., catheter-associated, nosoco-
mial, etc.) due to a lack of necessary data in our
center’s information management system. Lastly,
it was unavailable and also beyond the scope of
this study to evaluate species-based mortality
considering other risk factors, underlying disor-
ders, and clinical findings.

Conclusions

The species spectrum of fungi-caused BSIs
has been widened, and AFR has become a cru-
cial parameter in the prognosis of these BSIs.
Indeed, C. aquris has recently reminded the
importance of continuous screening for fungi
and fungi-caused BSIs’. Since the population
of “immunoproblematic” individuals is grow-
ing worldwide, laboratories should evaluate and
optimize their diagnostic capacities, relevant
authorities should regularly update their guide-
lines, and further research and clinicians should
be locked on such infections.

Ethics Approval

The Ethics Committee of the Faculty of Medicine, Balikesir
University, granted ethical approval to our study (2021/201,
dated 09.22.2021).

Conflict of Interest

The authors wish to confirm that there are no known con-
flicts of interest associated with this publication and there
has been no significant financial support for this work that
could have influenced its outcome.

Acknowledgements

A part of this study was presented orally in “6™ Internation-
al Congress on Medical Sciences and Multidisciplinary Ap-
proaches” conference, 11-12 March 2023, Istanbul, Turkey.

Authors’ Contributions

Conceptualization, A.K.S.; methodology, A.K.S., A.C.D.,
T.K.A.; software, A.K.S.; investigation, A.K.S., A.C.D.,
T.K.A.; resources, A.K.S., A.C.D., TK.A.; data curation,
AK.S. A.CD., TK.A.; writing—original draft prepara-
tion, A.K.S., A.C.D., TK.A.; writing—review and editing,
AK.S., A.C.D.,, TK.A.; visualization, A.C.D., T.K.A.; su-
pervision, A.K.S.; project administration, A.K.S., A.C.D.,
T.K.A. All authors have read and agreed to the published
version of the manuscript.

ORCID ID

Alev Cetin Duran: 0000-0002-1681-8240
Tugba Kula Atik: 0000-0002-2433-1977
Ali Korhan Sig: 0000-0003-2907-257X

References

1) Mancuso G, Midiri A, Gerace E, Biondo C. Role
of the innate immune system in host defence
against fungal infections. Eur Rev Med Pharma-
col Sci 2022; 26: 1138-1147.

2) Arikan-Akdagh S, Gilmez D, Dogan O, Cerikgiog-
lu N, Dereli MD, Birinci A, Yildiran ST, Ener B, Oz
Y, Metin DY, Hilmioglu-Polat S, Kalkanci A, Kog¢ N,
Erturan Z, Findik D. First multicentre report of in vi-
tro resistance rates in candidaemia isolates in Tur-
kiye. J Glob Antimicrob Res 2019; 18: 230-234.

3) Gillmez D, Sig AK, Akar N, Duyan S, Arikan-Ak-
dagh S. Changing Trends in Isolation Frequen-
cies and Species of Clinical Fungal Strains: What
Do the 12-years (2008-2019) Mycology Laboratory
Data Tell About? Mikrobiyol Bul 2021; 55: 53-66.

4) Kula-Atik T, Cetin-Duran A. Investigation of Can-
dida Species Isolated From Blood Cultures. Van
Med J 2021; 28: 32-37.

5) Cornely OA, Bassetti M, Calandra T, Garbino J,
Kullberg BJ, Lortholary O, Meersseman W, Ako-
va M, Arendrup MC, Arikan-Akdagli S, Bille J,
Castagnola E, Cuenca-Estralla M, Donnelly JP,
Groll AH, Herbrecht R, Hope WW, Jensen HE,
Lass-Florl C, Petrikkos G, Richardson MD, Roil-
lides E, Verweij PE, Viscoli C, Ullmann AJ, ESC-
MID Fungal Infection Study Group (EFISG). ES-
CMID guideline for the diagnosis and manage-
ment of Candida diseases 2012: non-neutrope-
nic adult patients. Clin Microb Infect 2012; 18:
19-37.

6) Hope WW, Castagnola E, Groll AH, Roilides E,
Akova M, Arendrup MC, Arikan-Akdagli S, Bas-
setti M, Bille J, Cornely OA, Cuenca-Estrella M,
Donnelly JP, Garbino J, Herbrecht R, Jensen HE,
Kullberg BJ, Lass-Flérl C, Lortholary O, Meers-



A.K. Sig, A. Cetin-Duran, T. Kula-Atik

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

seman W, Petrikkos G, Verweij PE, Viscoli C, UlI-
mann AJ, ESCMID Fungal Infection Study Group
(EFISG). ESCMID guideline for the diagnosis and
management of Candida diseases 2012: preven-
tion and management of invasive infections in ne-
onates and children caused by Candida spp. Clin
Microb Infect 2012; 18: 38-52.

Ulimann AJ, Akova M, Herbrecht R, Viscoli C, Ar-
endrup MC, Arikan-Akdagli S, Bassetti M, Bille J,
Calandra T, Castagnola E, Cornely OA, Donnel-
ly JP, Garbino J, Groll AH, Hope WW, Jensen HE,
Kullberg BJ, Lass-Flérl C, Lortholary O, Meersse-
man W, Petrikkos G, Richardson MD, Roillides E,
Verweij PE, Cuenca-Estrella M, ESCMID Fungal
Infection Study Group (EFISG). ESCMID guideline
for the diagnosis and management of Candida dis-
eases 2012: adults with haematological malignan-
cies and after haematopoietic stem cell transplan-
tation (HCT). Clin Microb Infect 2012; 18: 53-67.

Arendrup MC, Boekhout T, Akova M, Meis JF,
Cornely OA, Lortholary O, ESCMID EFISG study
group and ECMM. ESCMID and ECMM joint clin-
ical guidelines for the diagnosis and management
of rare invasive yeast infections. Clin Microbiol In-
fect 2014; 20: 76-98.

Berkow EL, Lockhart SR, Ostrosky-Zeichner L.
Antifungal susceptibility testing: current approach-
es. Clin Microbiol Rev 2020; 33: e00069-19.

EUCAST. Breakpoint tables for interpretation of
MICs for antifungal agents, Version 10.0, val-
id from 2020-02-04. Available at: https://www.
eucast.org/fileadmin/src/media/PDFs/EUCAST _
files/AFST/Clinical_breakpoints/AFST_BP_
v10.0_200204_updatd_links_200924.pdf (Date
of Access: 24 July 2022).

CLSI. Performance standards for antifungal sus-
ceptibility testing of yeasts. 1st Ed., CLSI supple-
ment M60. Wayne, Pennsylvania, USA: Clinical
and Laboratory Standards Institute, 2020.

Clinical and Laboratory Standards Institute (CL-
Sl). Method for Antifungal Disk Diffusion Suscep-
tibility Testing of Yeasts, 3rd Edition. CLSI Docu-
ment M44. Wayne, Pennsylvania, 2018.

Kotey FC, Dayie NT, Tetteh-Uarcoo PB, Donkor
ES. Candida Bloodstream Infections: Changes in
Epidemiology and Increase in Drug Resistance.
Infect Dis Res Treat 2021; 14: 1-5.

Lin SY, Lu PL, Tan BH, Chakrabarti A, Wu Ul,
Yang JH, Patel AK, Li RY, Watcharananan SP,
Liu Z, Chindamporn A, Tan AL, Sun PL, Hsu LY,
Chen YC, the Asia Fungal Working Group (AF-
WG). The epidemiology of non-Candida yeast
isolated from blood: The Asia Surveillance Study.
Mycoses 2019; 62: 112-120.

Gilmez D, Alp S, Girsoy G, Ayaz CM, Dogan O,
Arikan-Akdagh S, Akova M. Mixed fungaemia: an
18-year report from a tertiary-care university hos-
pital and a systematic review. Clin Microb Infect
2020; 26: 833-841.

Montagna MT, Lovero G, Borghi E, Amato G, An-
dreoni S, Campion L, Lo Cascio G, Lombardi G,

7442

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

Luzzaro F, Manso E, Mussap M, Pecile P, Perin
S, Tangorra E, Tronci M, latta R, Morace G. Can-
didemia in intensive care unit: a nationwide pro-
spective observational survey (GISIA-3 study)
and review of the European literature from 2000
through 2013. Eur Rev Med Pharmacol Sci 2014;
18: 661-674.

Er H, Yimaz NO, Derici YK, Hanci S, Copur
$S. Distribution and Susceptibilities of Pathogens
causing Candidemia: Should Empirical Antifungal
Treatment Policy Be Changed in Our Hospital?
Turk Mikrobiyol Cemiy Derg 2021; 51: 150-155.

Arastehfar A, Hilmioglu-Polat S, Daneshnia F,
Pan W, Hafez A, Fang W, Liao W, Sahbudak-Bal
Z, Metin DY, de Almeida Janior JN, ilkit M, Per-
lin DS, Lass-Florl C. Clonal Candidemia Outbreak
by Candida parapsilosis Carrying Y132F in Turki-
ye: Evolution of a Persisting Challenge. Front Cell
Infect Microbiol 2021; 11: 676177.

Yamin D, Akanmu MH, Al Mutair A, Alhumaid S,
Rabaan AA, Hajissa K. Global Prevalence of An-
tifungal-Resistant Candida parapsilosis: A Sys-
tematic Review and Meta-Analysis. Trop Med In-
fect Dis 2022; 7: 188.

Cilo BD, Agca H, Ener B. Identification of Can-
dida parapsilosis complex strains isolated from
blood samples at species level and determination
of their antifungal susceptibilities. Turk Mikrobiyol
Cem Derg 2019; 49: 61-66.

Beder D, Esenkaya Tagbent F, Dogan M. Distribu-
tion and Antifungal Sensitivity of Candida Isolates
Detected in Blood Cultures. Ankem Derg 2020;
34: 77-85.

Batcik S, Bahceci i, Kazancioglu L, Kazdal H, Oz-
can M. Candida Species and Antifungal Suscep-
tibility Isolated in Intensive Care Units: A Three-
year Study. Van Tip Derg 2021; 28: 459-465.

Calgin MK, Cetinkol Y. Distribution and antifun-
gal susceptibility patterns of Candida species at
a university hospital in Northern Turkey. J Infect
Dev Ctries 2018; 12: 97-101.

Barac A, Cevik M, Colovic N, Lekovic D, Steva-
novic G, Micic J, Rubino S. Investigation of a
healthcare-associated Candida tropicalis candi-
diasis cluster in a hematology unit and a system-
atic review of nosocomial outbreaks. Mycoses
2020; 63: 326-333.

Arastehfar A, Daneshnia F, Hafez A, Khodavai-
sy S, Najafzadeh MJ, Charsizadeh A, Zarrinfar H,
Salehi M, Shahrabadi ZZ, Sasani E, Zomorodian
K, Pan W, Hagen F, llkit M, Kostrzewa M, Boek-
hout T. Antifungal susceptibility, genotyping, re-
sistance mechanism, and clinical profile of Candi-
da tropicalis blood isolates. Med Mycol 2020; 58:
766-773.

Alp S, Gllmez D, Kardas RC, Karahan G, Tas
Z, Girsoy G, Ayaz-Ceylan CM, Arikan-Akdagh
S, Akova M. Expect the unexpected: fungemia
caused by uncommon Candida species in a Turk-
ish University Hospital. Eur J Clin Microbiol Infect
Dis 2021; 40: 1539-1545.



Microbiological analysis of fungemia

27)

28)

29)

Kim TH, Kweon OJ, Kim HR, Lee MK. Identifica-
tion of uncommon Candida species using com-
mercial identification systems. J Microbiol Bio-
technol 2016; 26: 2206-2213.

Huang YS, Wang FD, Chen YC, Huang YT,
Hsieh MH, Hii IM, Lee YL, Ho MW, Liu CE,
Chen YH, Liu WL. High rates of misidentifica-
tion of uncommon Candida species causing
bloodstream infections using conventional phe-
notypic methods. J Formos Med Assoc 2021;
120: 1179-1187.

Rajpal K. Comparative evaluation of phenotyp-
ic method, MALDI-TOF, BD phoenix and vitek-2

30)

systems for species identification of pathogenic
yeasts. Eur J Mol Clin Med 2022; 9: 5625-5631.

Kimura M, Asano-Mori Y, Sakoh T, Abe M, Ueno
K, Hoshino Y, Nakamura S, Umeyama T, Yamag-
oe S, Miyazaki Y, Baba M, Okada C, Ogura S, Mit-
suki T, Yamaguchi K, Yuasa M, Kaji D, Kageya-
ma K, Nishida A, Taya Y, Ishiwata K, Takagi S,
Yamamoto H, Yamamoto G, Uchida N, Wake
A, Taniguchi S, Araoka H. Factors Associated
with Breakthrough Fungemia Caused by Can-
dida, Trichosporon, or Fusarium Species in Pa-
tients with Hematological Disorders. Antimicrob
Agents Chemother 2022; 66: e02081-21.

7443



