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تدادزادقو،اعفترمتايفولدعممدلايفتاضيبملادوجولمحي:ثحبلافادهأ
نمريغتمعيزوتةقباسلاتاساردلاتحرتقا.ةيضاملاةليلقلاتاونسلايفهتلااح
عاونلأاديدحتلةساردلاهذهتيرجأدقو.ةفلتخملاقطانملانيبتاضيبملا
تاداضملاهتباجتساديدحتو،تاضيبملابمدلاىرجمتاباهتلايفةدوجوملا
.يميداكأيبطزكرميفتايفولاجئاتنعم،ةينيتورلاتايرطفلا

مدلاعرازمجئاتنةساردتمت،٢٠١٨ربمسيدو٢٠١٢ريانينيب:ثحبلاقرط
طمنوعاونلأاراشتنلاايئاصحإاهليلحتو،ةيضيبملامدلاىرجمىودعلةيباجيلإا
.اموي٩٠و٦٠و٣٠و١٤دعبتايفولالدعمو،ةيساسحللةيلباقلا

ببسناك،مدلايفتاضيبملادوجوتلااحنمةلاح١٥٦نيبنم:جئاتنلا
ةعومجمدعب.ءاضيبلاتاضيبملاةعومجمريغ)٪٦٩.٢(تلااحلاةيبلغأ
تاضيبملاوةيئاوتسلااتاضيبملااتعومجمتناك)٪٣٠.٨(ءاضيبلاتاضيبملا
ةمواقملاتفشتكاو.)٪٢٣.٧(نايحلأانمريثكيفةلوزعمرثكأيناث،ةيطرملا
فشكلامتيملو.تاضيبملاتلالاسنم٪١٤.٨يفلوزانوكولفلانمةبستكملا
تايفوللةيلامجلإاتلادعملاتناكو.تايرطفلاتاداضملىرخأةمواقميأنع
اموي٩٠و٦٠و٣٠و١٤يف٥٨و٪٥٦.٤و٪٤٧.٩و٪٢٩.٣عاونلأاعيمجل
ةيزوركلاةضيبملابىودعلاتلااحيفتايفولالدعمعافتراظحولو.يلاوتلاىلع
.)٪١٠٠-٧١.٤ماخلاتايفولا(
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ىودعبببستللءاضيبلاريغتاضيبملانمريبكلوحتظحول:تاجاتنتسلاا
ثحبجي،تايفشتسملايفىضرمللاريطخاديدهتاهنوكلو.مدلاىرجم
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ىودعصيخشتيفرظنللةيرورضةيلبقتسملاتاساردلا.ةعرجلاىلعةدمتعملا
.تاريغتملاددعتمجذومنيفةفلتخملاتاضيبملاعاونألبقنممدلاىرجم

؛تايرطفلاتاداضملةباجتسلاارابتخا؛مدلايفتاضيبملا:ةيحاتفملاتاملكلا
ءاضيبلاريغتاضيبملا؛يئابولالوحتلا؛تايفولالدعم

Abstract

Objectives: Candidemia incidence has increased in the

past few years, with high mortality. Previous studies have

reported a variable distribution of Candida spp. among

different regions. This study aimed to identify the species

found in Candida bloodstream infections, routine anti-

fungal susceptibility testing, and mortality outcomes in

an academic medical centre.

Methods: Between January 2012 and December 2018, the

positive blood cultures for candidemia infection were

retrieved and statistically analysed for species prevalence,

susceptibility pattern, and crude mortality at 14, 30, 60

and 90 days.

Results: Of 156 candidemia cases, a majority (69.2%)

was caused by non-albicans Candida spp. After Candida

albicans (30.8%), Candida tropicalis and Candida para-

psilosis were the second and third most frequeunt isolates

spp, each counting for 23.7%. Acquired resistance was

detected in 14.8% of candidemia strains. No other anti-

fungal resistance was detected. The overall crude
y. This is an open access article under the CC BY-NC-ND license
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mortality rates of all species were 29.3%, 47.9%, 56.4%,

and 58.0% at 14, 30, 60, and 90 days, respectively. A

higher mortality rate was noted in cases of Candida krusei

infection (crude mortality 71.4e100%, p ¼ 0.002).

Conclusion: In this study, a considerable shift to non-

albicans Candida causing most bloodstream infections

was observed. As such infections pose a serious threat to

hospitalised patients, microbiology laboratories are urged

to adopt rapid diagnostic and minimal inhibitory

concentration-based testing for the detection of suscep-

tible dose-dependent phenotypes. Prospective studies are

essential to consider the prognosis of bloodstream in-

fections by various Candida species in a multivariate

model.

Keywords: Antifungal susceptibility testing; Candidemia;

Epidemiological shift; Mortality; Non albicans

� 2020 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Candida spp. are important nosocomial bloodstream
pathogens with an increasing incidence over recent de-
cades.1,2 The diagnosis and treatment of candidemia impose
a significant burden on healthcare systems. A 2019

prospective study reported that candidemia episodes in the
United States led to an average 34-day increment in the
length of hospital stay following diagnosis of Candida

bloodstream infections, reflecting a $ 34,123 excess cost per
case.3 A more recent study by Zaoutis et al. on 2,000 patients
showed a mean increase of $ 92,266 in the total hospital

charges per patient and a mean increase of 10.1 days in the
length of stay.4 The crude mortality rate of candidemia is
high and has been reported to reach up to 60%e70% in

some groups.1,5 Among various Candida species, Candida
tropicalis bloodstream infections carry the worst prognosis
as reported in several studies worldwide, whereas Candida
parapsilosis shows lower mortality rates.6e9 Other factors

linked to worsening outcomes of candidemia in adults
include the presence of septic shock, concurrent blood
transfusion, higher APACHE II scores, older age, intensive

care admission, and retained central venous lines.7,8

Population-based studies performed in different
geographical areas suggest significant variability of Candida

spp. in bloodstream infections worldwide. A large meta-
analysis conducted by Koehler et al. in 2019 revealed
considerable differences amongst candidemia species in Eu-
ropean countries with an overall predominance of non-

albicans strains.10 In KSA, a growing body of evidence
suggests that non-albicans Candida spp. (NAC) and
Candida albicans contribute differently to bloodstream

infections at various centres. A five-year study (1998e2002)
in the Western region showed that Candida spp. (n¼ 83) was
implicated in 2.8% of all culture-positive bloodstream
infections in a secondary hospital setting, with 46% attrib-
uted to C. albicans.11 This was supported by two other

studies in Central KSA that found C. albicans accounting
for 38.7% and 50.7% of candidemia cases.12,13 C. tropicalis
was another common species in those studies and was

identified as a dominant species in intensive care settings. A
more recent study by Al-Dorzi et al. in a critical care unit
in Central KSA identified C. albicans as the leading species

among fungal bloodstream infections in 174 patients over
four years (2012e2016).14 In that study, the mortality rates
of C. albicans and NAC were 61.3% and 54.9%,
respectively. Most deaths occurred within 28 days of

detecting a positive culture with a similar length of stay in
the hospital and intensive care in both groups of species.
Limited data are available for microbiological features and

clinical outcomes of candidemia in the Eastern region of
the Kingdom.15 In the present study, we examined the
species distribution and susceptibility patterns of Candida

spp. amongst bloodstream infections in various age groups
and the crude mortality rates at different points of time.
Materials and Methods

Research settings and participants

The study was conducted at King Fahd Hospital of the

University Al-Khobar, a 550-bed secondary care and aca-
demic training centre. All patient age groups were included.
Charts were individually reviewed to include cases that had

clinically significant isolates. For the enrolled cases, the pa-
tients’ chart data (age, sex, and location of patients when
specimens were collected) and microbiological results avail-

able in the laboratory information system were evaluated.
Routine testing of candidemia isolates in the laboratory
included speciation by the automated VITEK 2 system

(bioMe rieux Inc., Durham, NC, USA) between 2013 and
2016 and the VITEK MS (bioMe rieux Inc.) between 2016
and 2018.16 Susceptibility testing was performed on all
strains using the automated VITEK 2 system throughout

the study period and was interpreted based on the FDA/
CLSI breakpoints.17 Intrinsic resistance patterns were
excluded from the analysis e.g. resistance to amphotericin

B in Candida lusitaniae and to fluconazole in Candida
krusei. Only the first episode of candidemia per patient was
included in the analysis. Two or more Candida species

episodes per patient were counted separately. All cause
crude mortality was recorded at 14, 30, 60, and 90 days.

Data analysis

The analysis was undertaken for the entire bloodstream
infection study population and subgroup analyses for mor-
talitywere based on eachCandida species alone, for aggregated
NAC spp., and for adult versus paediatric age groups.

GraphPad Prism software version 6.0. was used for the anal-
ysis. The normality of distributionwas initially tested using the
KolmogoroveSmirnov test and data were handled as non-

parametric. Cases with documented incomplete outcomes
were dealt with as missing data. Continuous and categorical
variables were analysed using the ManneWhitney U test and

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fisher’s exact test, respectively. A two-tailedP value< .05 was
considered to represent statistical significance.

Results

Patient demographics

In total, 156 non-replicate candidemia episodes (51 pae-
diatric patients and 105 adults) were included, of which 72
cases (46.2%) were female and 84 patients (53.8%) were

male. Sixty-one cases (38.6%) developed fungemia within the
intensive care units of adults, paediatrics, and neonates. Only
one case was detected in a patient who presented to the

emergency department, and the remaining 96 cases (60.8%)
Table 1: Distribution of all candidemia cases among various

age groups.

Age groups in years Number % Cumulative%

<1 33 21.2 21.2

1e14 18 11.5 32.7

15e44 21 13.5 46.2

45e74 66 42.3 88.5

�75 18 11.5 100

Total 156 100.0 NA

Table 2: Frequency of isolation of Candida species in cases of candi

Year C. albicans C. tropicalis C. parapsilosis

2012 7 6 7

2013 10 7 4

2014 7 3 2

2015 4 5 4

2016 3 3 6

2017 8 6 10

2018 9 7 4

Total n (%) 48 (30.8%) 37 (23.7%) 37 (23.7%)

Table 3: Species-specific age distribution of 156 bloodstream Candid

Species C. albicans C. tropicalis C. parapsilo

Median age 43 years 54 years 6 years

Age range 3 dayse85 years 2 dayse95 years 10 dayse79

Pediatrics (n) 15 13 19

Adults (n) 33 24 18

Table 4: Antifungal susceptibility profiles of Candida spp. isolated fro

2018. Breakpoints used by the system are 2 mg/ml for amphotericin B,

ml for itraconazole, and 8 mg/ml for fluconazole.

Species and % Susceptibility Fluconazole Voriconazole Flu

C. albicans 83.3 100 100

C. tropicalis 86.5 100 100

C. parapsilosis 83.4 100 100

C. glabrata 92.3 ** 100 ** 100

C. krusei NA 100 100

C. lusitaniae 100 *** 100 *** 100

* Denotes that the susceptibility of these drugs was only included in th

Candida species-antifungal testing combination is not FDA-approved

shown Candida species-antifungal testing combination states that data
were inpatients. Table 1 describes the age distribution in the
identified cases (median age ¼ 49.5 years).

Species distribution and susceptibility patterns

Six Candida spp. were identified from 156 bloodstream

infections in the following descending order: C. albicans, C.
tropicalis, C. parapsilosis, Candida glabrata, C. krusei, and a
single case of C. lusitaniae isolated from a pre-term newborn.

There were three patients that each had two episodes of
candidemia with different species, most likely due to pro-
longed hospital stay, although lab misidentification of closely
related spp. is a possibility. A decreasing trend was observed

for C. krusei over the years, whereas an increasing trend was
noted for C. glabrata. Table 2 illustrates the yearly
distribution of each of the six species. The median age of

infections by each of these species is shown in Table 3.
Regarding antifungal susceptibility testing over seven
years, only resistance to fluconazole (14.8%) was detected

by VITEK 2 in C. albicans (16.7%), C. tropicalis (13.5%),
C. parapsilosis (16.6%), and C. glabrata (7.7%) (Table 4).

Crude mortality

The overall crude mortality of candidemia was signifi-
cantly higher in adults than in children (hazard ratio ¼ 6.3,
demia by year (2012e2018).

C. glabrata C. krusei C. lusitaniae Total (n)

1 0 0 21

1 6 0 28

3 1 1 17

2 0 0 15

5 0 0 17

8 0 0 32

6 0 0 26

26 (16.7%) 7 (4.5%) 1 (0.6%) 156

a strains.

sis C. glabrata C. krusei C. lusitaniae

65 years 53.5 years 10 days

years 2 dayse96 years 35 yearse87 years NA

3 0 1

23 7 0

m bloodstream infections by VITEK 2 system between 2012 and

caspofungin and micafungin, 1 mg/ml for voriconazole, 0.125 mg/

cytosine Amphotericin B Caspofungin * Micafungin *

100 100 100

100 100 100

100 100 100

100 100 100

100 100 100

NA 100 ** 100 **

e panels used in period 2 (2014e2018). ** Denotes that the shown

for diagnostic purposes. *** Denotes that FDA approval for the

about their clinical efficacy are not sufficient.
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Figure 1: Crude mortality of candidemia caused by different Candida species in adults and pediatrics (n ¼ 156). Note: Candida lusitaniae,

isolated from a single case, didn’t result in mortality.

T.S. Al-Musawi et al. 187
95% confidence interval [CI] 4.8e13.7, P < .0001). Crude
mortality rates observed for bloodstream infections by

various Candida spp. at 14, 30, 60, and 90 days are illustrated
in Figure 1 along with cumulative mortality by all species.
When differences in crude mortality attributed to various

species were assessed, only C. krusei bloodstream infections
showed significantly worse outcomes (P ¼ .0024).

Discussion

Candida spp. are known to frequently colonise hospital-
ised patients, especially in critical care settings.18 Studies

carried out in several countries have shown differences in
the epidemiology of bloodstream infections caused by this
yeast.19 The majority of candidemia cases in the presented
cohort (63.5%) originated from infants and middle-aged

adults aged 45e75 years (Table 1). Most population-based
studies have shown the highest incidence in very young <1
year and elderly age groups >65 years.20,21 Our data

demonstrated the frequency of distribution of bloodstream
Candida spp. isolates in various age groups, which may not
reflect true incidence. The median age of bloodstream

infection by C. glabrata in this study (65 years) was higher
than the median age in cases of candidemia by other spp.,
although this was not statistically significant as the species
was isolated from all age groups and was previously

described.20 However, C. parapsilosis tended to infect
younger patients and was the dominant aetiology of
paediatric Candida bloodstream infections followed by

C. albicans (Table 3). In a previous five-year study at the
same institution, C. parapsilosis was the most common
Candida species in bloodstream infections (44%), but the

number of cases in that study was small (n ¼ 32).22 In the
present study, C. albicans accounted for less than one-third
of bloodstream infections compared to NAC spp. (69.2%),

showing a changing pattern from earlier epidemiological
data on candidemia from the same region,15 even though it
was the leading single species of Candida bloodstream
infection cases in adults (Table 3). C. tropicalis was the

second most frequent isolate from adults in this study.
Similar findings were reported by Omrani et al., who
evaluated 652 episodes of invasive Candida infections in

Riyadh, with the majority being candidemia cases (82.1%),
and found 61.3% attributed to NAC spp., whereas
C. albicans was the most commonly identified single species

(38.7%) followed by C. tropicalis (18.9%).12

Each of the top three species frequently isolated in our
institution had similar resistance profiles based on the

automated susceptibility testing results (Table 4).
Fluconazole resistance was detected in a small proportion
of the isolates (14.8%) compared to previous reports in the

Kingdom.14,23,24 Species-specific antifungal clinical break-
points have been available only recently.25 Importantly, the
susceptible dose dependent (SDD) breakpoints for azoles
were not included in the previous software of automated

systems. Our study included strains prior to that update
and could have underestimated the resistance patterns
prior to lowering the breakpoints for species that

frequently fall in this category, such as C. glabrata.26

Another shortcoming of automated antifungal testing,
despite its ease of use, is the inability to detect the fks hot

spot mutations that encode echinocandin resistance.27

Currently, the lowest tested concentrations for caspofungin
in those systems (0.125/0.25 mg/mL) fall at or just above
the CLSI breakpoint for C. glabrata (0.125 mg/mL), which

renders the results inaccurate for clinical decision-making
in case of infections caused by this species. Thus, diag-
nostic microbiology laboratories need to consider adopting

methods that test the susceptibility of the yeast based on
minimal inhibitory concentrations (MIC), such as gradient
strips, to supplement categorical automated testing. This is

particularly relevant in the era of multidrug resistant yeasts
such as Candida auris, which are increasingly being reported
in bloodstream infections with uncertainty about the

breakpoints for such organisms.28 C. auris did not appear in
any bloodstream infection in our institution until the end of
the study period. The technical challenges encountered when
performing antifungal susceptibility testing in the

laboratory, such as the dip effect seen with echinocandins
during in vitro testing, also need to be resolved.29

The high crude mortality rate found in the study (Figure 1)

was previously reported in similar settings, which can be
attributed to the underlying comorbidities and risk factors of
patients,23 and was also found in an intensive care-based

study.14 Notably, most of the crude mortality among our
patient population was during the first 30 days after
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candidemia diagnosis regardless of the Candida species. A
study by Garey et al. found that a delay of each day to

initiate effective antifungal therapy, from day 1 to day 4 or
more, increased the mortality in candidemia cases in an
ascending manner prospectively to 15%, 24%, 37%, and

41%.30 Although the present study was not designed to
assess the timing for initiating appropriate antifungal
treatment, it still highlights the importance of rapid

laboratory identification at the species level and susceptibility
testing. Different Candida species have been implicated in
worsening outcomes in various studies. Al-Tawfiq identified
C. albicans as an independent risk factor for candidemia

mortality in a multivariate analysis of 98 cases.15 Candidemia
due toC. tropicalis is reported to lead to highermortality in the
logistic regression analysis of a larger number of cases.6,8

C. glabrata was shown to be an independent predictor of
death in all age groups in an Australian surveillance of 1,095
cases.20 The different species recognised as predictors of

death in various studies suggest a possible variability in the
virulence of strains circulating in these geographical areas
and highlight the need for local studies. Our data suggested
an increased crude mortality in C. krusei bloodstream

infections, although the number of those cases was small
(n ¼ 7, P ¼ .002), which needs further investigation, as this
may reflect the complexities of underlying characteristics

rather than an organism-specific factor.31 C. krusei is
intrinsically resistant to fluconazole, which may play a role in
the delay to initiate effective therapy.31e33 The observed

higher mortality with age difference (HR ¼ 6.3, P < .0001)
can be attributed to several factors and further studies can
elaborate on age as an independent predictor for worsening

outcomes in similar patient populations.
Earlier studies from the KSA supported the predomi-

nance of C. albicans in fungemia cases,13,15,23,34 whereas our
data show a changing trend that is similar to subsequent

studies carried out within the same time frame in the
Kingdom.12,24 This finding has clinical implications in
selecting an empirical antifungal therapy in high-risk pa-

tients for optimal outcomes. The main limitations of this
study were the small number of samples and the retrospective
nature that limited access to information. Another point to

consider is the accuracy of species identification, as the
VITEK 2 system can misidentify closely related species.35

Conclusion

In conclusion, this study showed that non-albicans can-
didemia represented the majority of Candida bloodstream

infections in the 2012e2018 cohort with an overall flucona-
zole resistance rate of 14.8%. The automated antifungal
susceptibility testing system did not provide informative re-

sults regarding dose-dependent susceptible species. High
crude mortality was noted for bloodstream infections caused
by most Candida spp. encountered, which was more evident
in adults and was mainly within 30 days of diagnosis. We

observed an increased mortality in C. krusei infections. To
verify this finding, future prospective, multi-centre studies
are needed to assess the outcomes of candidemia due to

different species in various age groups using a multivariate
regression model considering all possible confounders.
Abbreviations: APACHE, Acute Physiology, Age, Chronic Health

Evaluation; CLSI, Clinical Laboratory Standards Institute; FDA,

Food and Drug Administration; HR, Hazard Ratio; MIC, Minimal

inhibitory concentration; n, Number; SDD, Susceptible dose

dependent; Spp., Species; NAC, non-albicans Candida spp.
Recommendations

We recommend that clinicians should consider Candida

infection among different aetiologies of bloodstream in-
fections in paediatric and adult patients. Also, we recom-
mend Candidal speciation, as it is essential for treatment and

prognosis stratification.
Source of funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.
Conflict of interest

The authors have no conflict of interests to declare.
Ethical approval

This material is original, unpublished, and has not been

submitted elsewhere. The study was approved by the Insti-
tutional Review Board of the University and the Ethics
Committee of the affiliated Hospital (IRB-2019-01-148) on

05 March 2019. The patients’ information was kept
confidential.
Authors’ contributions

TSM study design and conceptualisation, overall work

supervision, contributed to writing the manuscript and
plagiarism check. WAA, JUR, and NMA data acquisition
and analysis, critical review of the manuscript, and plagia-

rism check. ASN study design and conceptualisation,
contributed to writing the manuscript, statistical analysis,
and plagiarism check. All authors have critically reviewed

and approved the final draft and are responsible for the
content and similarity index of the manuscript.
Data availability

The raw data used to support the findings of this study are

available from the corresponding author upon request.
Acknowledgments

We thank Mr. Untoy Rashan for his technical help in
some aspects of laboratory data extraction for the purpose of
this study.



T.S. Al-Musawi et al. 189
References
1. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP,

Edmond MB. Nosocomial bloodstream Infections in US hos-

pitals: analysis of 24,179 cases from a prospective nationwide

surveillance study. Clin Infect Dis 2004; 39(3): 309e317. https://

doi.org/10.1086/421946.

2. Tortorano AM, Kibbler C, Peman J, Bernhardt H, Klingspor L,

Grillot R. Candidaemia in Europe: epidemiology and resistance.

Int J Antimicrob Agents 2006; 27(5): 359e366. https://doi.org/

10.1016/j.ijantimicag.2006.01.002.

3. Rentz AM, Halpern MT, Bowden R. The impact of candidemia

on length of hospital stay, outcome, and overall cost of illness.

Clin Infect Dis 1998; 27(4): 781e788. https://doi.org/10.1086/

514955.

4. Zaoutis TE, Argon J, Chu J, Berlin JA, Walsh TJ, Feudtner C.

The epidemiology and attributable outcomes of candidemia in

adults and children hospitalized in the United States: a pro-

pensity analysis. Clin Infect Dis 2005; 41(9): 1232e1239. https://

doi.org/10.1086/496922.

5. Fraser VJ, Jones M, Dunkel J, Storfer S, Medoff G,

Dunagan WC. Candidemia in a tertiary care hospital: epide-

miology, risk factors, and predictors of mortality. Clin Infect

Dis 1992; 15(3): 414e421. https://doi.org/10.1093/clind/

15.3.414.

6. Andes DR, Safdar N, Baddley JW, Playford G, Reboli AC,

Rex JH, et al. Impact of treatment strategy on outcomes in

patients with candidemia and other forms of invasive candidi-

asis: a patient-level quantitative review of randomized trials.

Clin Infect Dis 2012; 54(8): 1110e1122. https://doi.org/10.1093/
cid/cis021.

7. Pappas PG, Rex JH, Lee J, Hamill RJ, Larsen RA,

Powderly W, et al. A prospective observational study of can-

didemia: epidemiology, therapy, and influences on mortality in

hospitalized adult and pediatric patients. Clin Infect Dis 2003;

37(5): 634e643. https://doi.org/10.1086/376906.

8. Labelle AJ, Micek ST, Roubinian N, Kollef MH. Treatment-

related risk factors for hospital mortality in Candida blood-

stream infections. Crit Care Med 2008; 36(11): 2967e2972.

https://doi.org/10.1097/CCM.0b013e31818b3477.

9. Wang E, Farmakiotis D, Yang D, McCue DA, Kantarjian HM,

Kontoyiannis DP, et al. The ever-evolving landscape of candi-

daemia in patients with acute leukaemia: non-susceptibility to

caspofungin and multidrug resistance are associated with

increased mortality. J Antimicrob Chemother 2015; 70(8): 2362e
2368. https://doi.org/10.1093/jac/dkv087.

10. Koehler P, Stecher M, Cornely OA, Koehler D,

Vehreschild MJGT, Bohlius J, et al. Morbidity and mortality of

candidaemia in Europe: an epidemiologic meta-analysis. Clin

Microbiol Infect 2019; 25(10): 1200e1212. https://doi.org/

10.1016/j.cmi.2019.04.024.

11. Osoba AO, Al-Mowallad AW, McAlear DE, Hussein BA.

Candidemia and the susceptibility pattern of Candida isolates in

blood. Saudi Med J 2003; 24(10): 1060e1063.

12. Omrani AS, Makkawy EA, Baig K, Baredhwan AA,

Almuthree SA, Elkhizzi NA, et al. Ten-year review of invasive

Candida infections in a tertiary care center in Saudi Arabia.

Saudi Med J 2014; 35(8): 821e826.

13. Al-Jasser AM, Elkhizzi NA. Distribution of Candida species

among bloodstream isolates. Saudi Med J 2004; 25(5): 566e569.

14. Al-Dorzi HM, Sakkijha H, Khan R, Aldabbagh T, Toledo A,

Ntinika P, et al. Invasive candidiasis in critically ill patients: a

prospective cohort study in two tertiary care centers. J Intensive

Care Med 2018; 885066618767835. https://doi.org/10.1177/

0885066618767835.

15. Al-Tawfiq JA. Distribution and epidemiology of Candida spe-

cies causing fungemia at a Saudi Arabian hospital, 1996-2004.
Int J Infect Dis 2007; 11(3): 239e244. https://doi.org/10.1016/

j.ijid.2006.03.003.

16. [Internet] Clsi.org. [cited 4 February 2020]. Available from:,

https://clsi.org/media/1441/m54a_sample.pdf 2020; 2020.

17. [Internet] Clsi.org. [cited 4 February 2020]. Available from:,

https://clsi.org/media/1895/m60ed1_sample.pdf 2020; 2020.
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