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Abstract 
Candida is an opportunistic fungal pathogen which can cause fatal bloodstream infections (BSIs) in 

immunocompromised and immunodeficient persons. In this study, the susceptibility of 196 Candida species 
isolated from bloodstream infections (BSI) to 5 antifungal drugs were conducted from October 2014 through 

October 2017. The antifungal drugs used in this study were including fluconazole, itraconazole, 

voriconazole, Amphotericin B and Caspofungin. From 196 studied isolates, Candida albicans comprised 
63.3% of the isolates, followed by C.parapsilosis (18.9 %), C. glabrata (8.7%), C. tropicalis (6.1%), C.krusei 

(2%) and C.gillermundii (1%). In this study, all isolates of Candida albicans and Candida non-albicans 

species were completely resistant to voriconazole and itraconazole. Of the 196 Candida isolates, 80 isolates 

with MIC of 32-16 μg/ml had a dose dependent susceptibility to fluconazole and 111 isolates showed 
resistance (MIC=64 μg / ml) and only 5 isolates were sensitive (MIC=8 μg / ml) to fluconazole. In this study, 

out of 196 isolates, 37 isolates were sensitive to amphotericin (MIC=1 μg/ml) and 159 isolates were resistant 

to amphotericin B (MIC>1 μg/ml). Caspofungin was effective on 104 isolates (MIC<2 μg/ml) and 92 isolates 
were non-susceptible (MIC>2 μg / ml) to this drug. Out of 124 isolates of Candida albicans, 3 were 

susceptible, 61 susceptible dose dependent and 60 were resistant to fluconazole. Only 24 isolates were 

susceptible to amphotericin B and 100 isolates showed resistance to this antifungal drug. Eighty-eight isolates 
were sensitive to caspofungin and 36 isolates were insensitive. With respect to susceptibility to 

fluconazole, among 37 isolates of Candida parapsilosis, one was identified as susceptible, 13 isolates were 

susceptible dose dependent and 13 were resistant. Of these isolates, five were susceptible and 32 isolates 

were resistant to amphotericin B and caspofungin. Of 12 isolates of Candida tropicalis, 11 showed resistance 
and 1 was susceptible dose dependent to fluconazole. Of these isolates, 11 were resistant to amphotericin B 

and 1 isolate was sensitive. Ultimately, only 2 isolates showed susceptibility to caspofungin. Out of 17 

isolates of Candida glabrata, 13 isolates were resistant, and 4 isolates had a dose-dependent sensitivity to 
fluconazole. Eight isolates were susceptible and 9 isolates were resistant to caspofungin. Seven isolates were 

susceptible and 10 isolates were resistant to amphotericin B. All four Candida krusei isolates showed 

resistance to the five drugs used in the study. Of the two Candida guilliermondii isolates, both were resistant 

to amphotericin B, but 1 was sensitive to fluconazole and 1 was identified to be dose-dependent susceptible. 
One isolate was resistant to and the other one was susceptible to caspofungin. Our findings shows the 

prevalence of resistant candida species to conventional treatments and indicate that candidemia caused by 

Candida resistant species is incrasing. 
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Introduction 

 
Candida species exist normally in human skin 

surfaces and mucus membranes. When an 
imbalance in the normal flora occurs, it causes 

an overgrowth of Candida species and leads to 

invasive Candidiasis. Candida bloodstream 
infection, which is the most common form of 

invasive candidiasis, is called candidemia [1-

3]. Although the mortality rate of candidemia is 

high, it can decrease with a rapid diagnosis and 
an effective treatment [4]. In the hospital, 40% 

of bloodstream infections are caused by the 

fungus Candida. Most often, Candidemia 
develops within a week of being admitted to an 

intensive care unit (ICU) if you also have a 

central venous catheter, get kidney dialysis, 
have major surgery, have a low white blood 

count, or if you are getting broad spectrum 

antibiotics, intravenous steroids or medications 

to depress your immune system you can get 
Candidemia. You can also get Candidemia 

outside of the hospital if you are sent home 

from the hospital with a central venous catheter 
or if you are on cancer chemotherapy. 

Chemotherapy weakens your immune system 

and can put you at risk for common infections, 

like the cold or flu, or less common infections, 
like Candidemia or other fungal infections. 

Candida species can also enter the bloodstream 

alongside a catheter in your vein or artery, at the 
area where the catheter enters through the skin. 

Although Candida infections of the mucosal 

surfaces (mouth and esophagus) are usually 
easy to treat, treatment of Candidemia can be 

challenging, especially when the infection has 

spread to other organs (eye, brain or kidneys) 

and if there is a central venous catheter in place. 
By identifying the sensitivity of different 

species of blood-derived candida to common 

antifungal drugs such as azoles, polyenes and 

echinocandins, the mortality rate of candidemia 

can be reduced [5]. To evaluate the antifungal 

drug resistance of the etiologic agents of 
candidemia, we conducted a susceptibility test 

for Candida species isolated from blood stream 

infection in Tehran, the center of Iran. 

 

Ethics statement: 
 

This study was approved by ethical committee 

of Tehran University of medical science.  
 

Sampling and Antifungal Susceptibility 

Testing: 

 
A total of 196 candida species were used in this 

study. These species were isolated from blood 
culture of patients referring to Tehran's 

hospitals and were collected during 3 years 

from 2014 to 2017. They were priory identified 

by PCR Sequencing from the D1-D2 subunit of 
the 28S recombinant DNA [6]. Antifungal 

susceptibility testing was performed by broth 

microdilution with fluconazole, itraconazole, 
voriconazole, caspofungin and Amphotericin B 

(soluble in Dimethyl sulfoxide) as described by 

Clinical and Laboratory Standards Institute 

(CLSI) M27-A3 guidelines [7] Briefly, testing 
was performed with RPMI 1640 medium 

(TREK Diagnostics, Cleveland, Ohio) 

supplemented with 2% glucose; an inoculum 
size of 105 CFU/ML was used, as were flat-

bottom microdilution plates. MIC endpoints 

were determined spectrophotometrically at 24 
and 48 h. It should be noted that for 

amphotericin B, the MIC endpoint was defined 

as the lowest drug concentration that resulted in 

a reduction in growth of 90% or more, 
compared with that of a drug-free growth 

control well. For flucytosine and azoles, the 

https://doi.org/10.36811/ijbm.2019.110016
http://www.raftpubs.com/


       In vitro susceptibility testing of Candida species isolated from 

blood stream infections to five conventional antifungal drugs 
DOI: https://doi.org/10.36811/ijbm.2019.110016                        IJBM: Oct-2019: Page No: 124-129 

 

 

  Page: 126 

www.raftpubs.com  

MIC endpoint was defined as a 50% reduction 

in optical density. For caspofungin, the 
endpoint was defined according to reports 

recently published (50% or greater inhibition 

relative to the control), which analysed 
influences of methodological variables on 

susceptibility testing of caspofungin 

against Candida species [8,9]. 

 

Statistical tests 
 
In this study, the Kolmogorov-Smirnov test was 

used to determine the normal distribution of 

variables. To test the qualitative variables, chi-

square test was used. For quantitative variables 
and normal distribution, in order to compare the 

variables in two groups the t-test was used, in 

abnormal distribution or nonparametric 
distribution Mean-Whitney test was used. To 

compare quantitative variables in more than 

two groups, the parametrical ANOVA test and 

for no quantitative and abnormal variables 
Kruskal -Wallis test was used. All data were 

analyzed using SPSS version 22 software. P 

value <0.5 considered as meaningful in this 
study. 

 

Results 

 
In this study, from 196 candida species isolated 

from blood stream infections relating to patients 
referring to Tehran city health care centers, 

Candida albicans with 124 cases (63.3%) was 

the predominant isolate followed by 
C.parapsilosis with 37 cases (18.9 %), C. 

glabrata with 17 cases (8.7%), C. tropicalis 

with 12 cases (6.1%), C.krusei with 4 cases 
(2%) and C.gillermundii with 2 cases (1%). 

(Figure 1). 

 

  
Figure 1: The frequency of candida species isolated from blood stream infections. 
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This study showed that from 124 C. 

albicans isolates, 24 isolates were susceptible 

to Amphotericin B (MIC≤1 μg/ml) and 100 
isolates were resistant to this drug (MIC>1 

μg/ml). About fluconazole 3 isolates were 

susceptible (MIC≤8 μg/ml), 61 isolates had 

dose dependent susceptibility (MIC≤32 μg/ml) 
and 60 isolates were resistant to this drug (MIC 

≥ 64 μg/ml) and about capofungin 88 isolates 

were susceptible (MIC≤2 μg/ml) and 36 
isolates were resistant to this drug. Also in this 

study, only in one C.albicans isolate dose 

dependant susceptibility to voriconazole was 
seen (MIC=2 μg/ml) and all of them were 

resistant to itraconazole (MIC≥1 μg/ml). 

 

According to Kruskal-Wallis test, there was a 
significant difference between the MIC values 

of Candida albicans isolates against 

amphotericin B (P=0.01), fluconazole 
(P=0.01), itraconazole (P=0.012), 

Voriconazole (P=0.028) and capofungin 

(P=0.002). Also, in this study, from 37 C. 

parapsilosis isolates, 5 isolates were 
susceptible to Amphotericin B (MIC≤1 μg/ml) 

and 32 isolates were resistant to this drug 

(MIC>1 μg/ml). About fluconazole 1 isolate 
was susceptible (MIC≤8 μg/ml), 13 isolates had 

dose dependent susceptibility (MIC≤32 μg/ml) 

and 23 isolates were resistant to this drug 
(MIC≥64 μg/ml) and about capofungin 5 

isolates were susceptible (MIC≤2 μg/ml) and 

32 isolates were resistant to this drug. Also, in 

this study, and all of studied C. 
parapsilosis isolates were resistant to 

itraconazole (MIC≥1 μg/ml) and voriconazole 

(MIC≥2 μg/ml).  According to Kruskal-Wallis 
test, there was a significant difference between 

the MIC values of Candida parapsilosis 

isolates against fluconazole (P=0.0001), 
itraconazole (P=0.012) , Voriconazole 

(P=0.002) and capofungin (P=0.004) and there 

was no significant difference between the MIC 

values of Candida parapsilosis isolates against 
amphotericin B (P=0.9).  

 

Also, from 17 C. glabrata isolates, 7 isolates 

were susceptible to Amphotericin B (MIC≤1 
μg/ml) and 10 isolates were resistant to this 

drug (MIC>1 μg/ml). About fluconazole 4 

isolates had dose dependent susceptibility 
(MIC≤32 μg/ml) and 13 isolates were resistant 

to this drug (MIC≥64 μg/ml) and about 

capofungin 8 isolates were susceptible (MIC≤2 

μg/ml) and 9 isolates were resistant to this drug 
Also in this study, and all of studied 

C.glabrata isolates were resistant to 

itraconazole (MIC≥1 μg/ml) and voriconazole 
(MIC≥2 μg/ml). According to Kruskal-Wallis 

test, there was a significant difference between 

the MIC values of Candida glabrata isolates 
against amphotericin B (P=0.01), fluconazole 

(P=0.00), itraconazole (P=0.012)), 

Voriconazole (P=0.002) and capofungin 

(P=0.001). Also from 12 C. tropicalis isolates, 
1 isolates were susceptible to Amphotericin B 

(MIC≤1 μg/ml) and 11 isolates were resistant to 

this drug (MIC>1 μg/ml). About capofungin 2 
isolates were susceptible (MIC≤2 μg/ml) and 

10 isolates were resistant to this drug. Also, in 

this study, and all of studied C. tropicalis 

isolates were resistant to fluconazole (MIC≥64 
μg/ml) itraconazole (MIC≥1 μg/ml) and 

voriconazole (MIC≥2 μg/ml). 

 
According to Kruskal-Wallis test, there was a 

significant difference between the MIC values 

of C. tropicalis isolates against fluconazole 
(P=0.001), itraconazole (P=0.012), 

Voriconazole (P=0.002) and capofungin 

(P=0.002) and there was no significant 

difference between the MIC values of C. 
tropicalis isolates against amphotericin B 

(P=0.7). Also from 4 C.krusei isolates all of 

them were resistant to all of 5 antifungal drugs 
used in this study. And from 2 C. 

gillermundi isolates, both of them were 

susceptible to fluconazole (MIC≤8 μg/ml) and 
voriconazole (MIC≤ 2 μg/ml) and about 

capofungin 88 isolate was susceptible (MIC≤2 

μg/ml) and 36 isolates was resistant to this drug. 

Also, in this study, both of of C. 
gillermundi isolates were resistant to 

itraconazole (MIC≥1 μg/ml) and Amphotericin 
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B (MIC>1 μg/ml) (Table 1).  

Table 1: In vitro susceptibilities to 5 antifungal agents of Candida bloodstream isolates. 

Antifungal 
agents 

Caspofungin AmphotericinB voriconazole itraconazole fluconazole 

Candida species R SDD S R SDD S R SDD S R SDD S R SDD S 

C. alb 36 -- 88 100 -- 24 124 0 0 124 0 0 60 61 3 

C.parapsilosis 32 -- 5 32 -- 5 37 0 0 37 0 0 23 13 1 

C.glabrata 9 -- 8 10 -- 7 17 0 0 17 0 0 13 4 0 

C.tropicalis 10 -- 2 11 -- 1 12 0 0 12 0 0 11 1 0 

C.krusei 4 -- 0 4 -- 0 4 0 0 4 0 0 4 0 0 

C.gillermundi 1 -- 1 2 -- 0 2 0 0 2 0 0 0 1 1 

Discussion  
 

Candida species are the most common cause of 

systemic fungal infections and globally, out of 
1,000 patients, 6.9% are suffering from 

candidiasis [10,11]. In recent years, a 

significant increase in the incidence of 

candidemia has been observed. Candida 
species are reported as one of the five most 

common causes of sepsis in the United States 

and one of 10 most common causes of sepsis in 
Europe. In hospitals, up to 40% of the blood 

infections could be related to Candida species 

[12-14]. This increase could be duo to the 

increased number of patients with immune 
deficiency, AIDS, solid organ or bone marrow 

transplantation, and intrinsic and acquired 

resistance of Candida species to antifungal 
drugs. Although candidemia-related mortality 

is high, it could be decreased with timely 

diagnosis of the disease and the early onset of 
treatment. Determination of susceptibility 

pattern for blood-derived Candida isolates to 

common antifungal drugs, could be beneficial 

in reducing the mortality rate of candidemia [3].  
In this study, all of the Candida species isolated 

from blood were resistant to itraconazole and 

voriconazole. This is due to the increased use of 
these drugs and the alteration of the cellular 

structure of Candida albicans and non-

albicans. 

These results are consistent with previous 

studies in this field [15,17]. Also, this study 
showed that caspofungin was more effective on 

Candida albicans isolates and Amphotricin B 

had the most effective on Candida albicans 
isolates. This funding is consist with the study 

published with previous studies in this field 

[16,17]. The results of this study indicate that 
candidemia caused by Candida resistant 

species, especially occurs in patients with 

underlying and predisposing diseases. 

Therefore, considering the diagnostic problems 
and adverse effects of candidiasis in these 

patients, further research is recommended in 

this regard. 
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