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Background: Blood stream infections (BSIs) are major causes of morbidity and mortality in burn patients. Microorganisms responsible 
for BSI are generally bacteria; however, Candida spp. are the infection agents in as many as 8% of all cases. Burn wound colonization and 
infections are generally the first steps to systemic infection. Candidemia in burn patients has been associated with high mortality and a 
prolonged hospital stay.
Objectives: Candidemia in burn patients has been defined as a preterminal event, leading to high morbidity and mortality rates among 
these patients. The aim of this study was to establish the incidence of candidemia in burn patients in Iran.
Patients and Methods: We consecutively collected 405 blood samples from 113 burn patients. The yeast isolates were identified to the 
species level using conventional procedures. In vitro antifungal susceptibility of the Candida isolates to amphotericin B, fluconazole, 
voriconazole and caspofungin was performed using the Etest.
Results: Twenty-seven samples (6.7%) of the blood cultures from 13 patients (12%) were positive for Candida species. Candida parapsilosis 
(38%) and C. tropicalis (38%) were the most commonly found Candida species, followed by C. albicans (15%) and C. guilliermondii (15%) in the 
patients. The incidence of candidemia was significantly correlated with increased duration of hospitalization, increased time of stay in the 
intensive care unit, and higher mortality. The antifungal susceptibility tests demonstrated that amphotericin B and voriconazole had the 
lowest minimum inhibitory concentrations (MICs) against Candida spp.
Conclusions: Non-albicans Candida should be considered as significant pathogens in burned patients with candidemia.
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1. Background
Blood Stream Infections (BSI) are major causes of mor-

bidity and mortality in burn patients (1). Microorgan-
isms responsible for BSI are generally bacteria; howev-
er, Candida spp. are the infection agents in as many as 
8% of all cases (2). Burn wound colonization and infec-
tions are generally the first steps to systemic infection 
(1). Candidemia in burn patients has been associated 
with high mortality and a prolonged hospital stay (3, 4). 
Disruption of skin barrier in burn is a major risk factor 
for invading fungi. The necrotic tissue resulting burn 
injury is an excellent medium for colonizing and grow-
ing various microorganism including fungi. Admin-
istration of broad-spectrum antibiotics, glucocortico-
steroid treatment, mechanical ventilation, parenteral 
nutrition, trachstomy tubing, burn-induced hypergly-
cemia, renal failure, persistent neutropenia, immune 
dysfunction, multiple sites of colonization, and hemo-

dialysis and prolonged hospital stay are also thought to 
be predisposing factors for candidemia (5-7).

Candida albicans has been described as the most com-
mon cause of candidemia. However, the number of non-
albicans species has increased during recent decades, 
and C. glabrata has emerged as the second most common 
cause, followed by C. parapsilosis, C. tropicalis and C. krusei 
(8). The latest study about candidemia in Iran unexpect-
edly revealed the higher rate of C. parapsilosis (34.4%), 
followed by C. glabrata (28.1%) and C. albicans (25%). The 
predisposing factor in these patients was surgery, can-
cer, hematological malignancy, diabetes, renal filature, 
premature birth and pancreatitis. Voriconazole was the 
most active drug and fluconazole was associated with 
high Minimum Inhibitory Concentration (MIC) results 
(9). Reduced susceptibility of non-albicans Candida spe-
cies to antifungal agents has been reported (10, 11). It is 
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known that C. glabrata exhibits intrinsically low suscep-
tibility to azoles and develops resistance after exposure 
to these drugs (12). Inherent and emerging resistance 
to antifungal agents represents a major challenge for 
empirical therapeutic and prophylactic strategies (13). 

Effective therapeutic management of patients with 
candidemia requires early identification of the infect-
ing agent. Appropriate antifungal therapy guided by 
antifungal susceptibility testing improves the outcome 
for severely injured burn victims susceptible to fungal 
infection. In Iran, there is a lack of extensive studies re-
garding candidemia in burn and the antifungal suscep-
tibility patterns of the isolated Candida strains.

2. Objectives
The aim of this study was to identify the Candida species 

involved in candidemia in burn patients, and determine 
the susceptibility patterns of the isolated Candida species 
to the antifungal agents including amphotericin B, fluco-
nazole, voriconazole and caspofungin.

3. Patients and Methods

3.1. Patients
A cross-sectional study was conducted from June 2011 

to March 2012 at the Burn Center of Zare Hospital in Sari, 
Iran. Post-burn reconstructive surgery and debridement 
were carried out for patients based on the depth of the 
injury. The study protocol was approved by the medical 
research ethics committee of the Mazandaran University 
of Medical Sciences (ethical no. 92-3-8 90-159) and a writ-
ten informed consent was obtained from the patients. 
The patients who were not willing to participate were ex-
cluded from the study.

3.2. Clinical Data
Demographic and clinical data included age, gender, 

percentage of the Total Body Surface Area affected by the 
burn (TBSA; Lund-Browder charts were used to estimate 
burn sizes), duration of the hospital and Intensive Care 
Unit (ICU) stay, the number of items prescribed as an-
tibiotic treatment (for > 7 days), necessity for Total Par-
enteral Nutrition (TPN), and Central Venous Catheter 
(CVC), or mechanical ventilation, and outcomes of sur-
gical procedures collected.

3.3. Fungal Cultures
Samples from peripheral blood were obtained asepti-

cally when the persistent fever refractory to broad-spec-
trum antibiotics was present for more than 96 hours or 
sepsis was clinically suspected.

The blood samples were inoculated onto biphasic 
fungal blood culture media containing Brain heart in-
fusion (BHI) broth and BHI Agar (Kusha Faravar Giti, 

Karaj, Iran) and incubated for 10 days at 37°C. The blood 
culture bottles vented with a needle and incubated in a 
shaking incubator for the first day and the agar slants 
were washed with the broth mixture once each day for 
5 days (14). All blood cultures including positive and 
negative ones were subcultured onto Sabouraud’s dex-
trose agar (Scharlau Chemie, Barcelona, Spain) medium 
with chloramphenicol and CHROM agar Candida (bio-
Mérieux, Marcy l’Etoile, France).

More than two blood culture sets obtained over a 
24-hour period were included for detecting low level 
candidemia and increasing the sensitivity. Episodes 
of candidemia were counted once, irrespective of the 
number of sets of blood cultures that were positive, 
with the same organism within 14 days for the same pa-
tient. If the same species was grown more than 14 days 
later it was regarded as a new episode. Candidemia was 
defined as at least 1 set of positive blood cultures for 
Candida species in patients with compatible clinical 
signs and symptoms of infection (15). The yeasts iso-
lates were identified to the species level using conven-
tional procedures; i.e. morphological examination on a 
cornmeal agar plate (CMA, BBL Sparks, Maryland, USA 
), germ tube formation, and carbon-nitrogen assimila-
tion test using the API 20C yeast identification system 
(bioMerieux, Marcy l’Etoile, France).

3.4. In Vitro Antifungal Susceptibility
In vitro antifungal susceptibility of the Candida iso-

lates to amphotericin B, fluconazole, voriconazole and 
caspofungin was performed using Etest (bioMerieux, 
Marcy l’Etoile, France) according to the manufacturer’s 
instructions. The Etest strips for amphotericin B, vori-
conazole, and caspofungin contained concentration 
gradients of 32 - 0.002 µg/mL of the respective drug. The 
fluconazole strips contained gradients of 256 - 0.016 µg/
mL. The yeast inocula were adjusted by spectropho-
tometer to 1 × 106 to 5 × 106 which matched an optical 
density of 0.5 McFarland in saline. An agar medium 
containing RPMI-1640 (GIBCO/Life Technologies, Grand 
Island, NY) with 2% glucose was flooded with the cell 
suspension (16).

3.5. Statistical Analysis
Clinical data were analysed using GraphPad Prism version 

5.00 (GraphPad Software, San Diego) for the Mann-Whitney 
U test. P < 0.05 was considered statistically significant.

4. Results

4.1. Clinical Features Associated With Candidemia
Clinical data characterizing the 13 patients with candi-

demia are summarized in Table 1. Statistical analysis of these 
data revealed that the incidence of candidemia was signifi-
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cantly correlated with an increased duration of hospitaliza-
tion, a longer stay in the ICU and higher mortality (Table 2).

4.2. Candida In Blood
During the study period a total of 405 blood samples 

were collected from 113 burn patients who had persistent 
fever refractory to broad-spectrum antibiotics for more 
than 96 hours or were clinically suspected to have sepsis. 
The median age of the patients was 34 years (range 1 - 88 
years). Twenty-seven (6.7%) of the blood cultures from 13 
(12%) patients were positive for yeasts. Identification of 
the isolated yeasts revealed that patients were infected 
with C. parapsilosis 38% (n = 5), C. tropicalis 38% (n = 5), C. 
albicans 15% (n = 2), and C. guilliermondii 15% (n = 2). One 
patient (patient 8) was infected with two Candida species 

(C. tropicalis and C. parapsilosis (Table 1). The mean dura-
tion of hospital and ICU stay in patients with candidemia 
were 41 and 37 days, respectively which were greater than 
those without candidemia (23 and 16 days respectively). 
In addition, higher mortality rate among patients with 
candidemia (69%) was observed (Table 2).

4.3. Antifungal Susceptibility Testing
The isolated Candida species grew well on the RPMI agar 

plates, with detectable Etest endpoints. The MIC ranges 
and geometric means are summarized in Table 3. Am-
photericin B and voriconazole exhibited the lowest MICs 
followed by fluconazole. Caspofungin appeared to have 
poor antifungal activity against all C. parapsilosis isolates 
and two isolates of C. guilliermondii (Table 3).

Table 1.  Characteristics of Blood Culture Positive in Burn Patients a,b

Patient ID Age, y Gender TBSA, % Hospital DOS, d ICU DOS, d Antibiotic 
treatment

Mechanical 
ventilation

Isolated Candida 
(n) Outcome

1 18 F 37 34 18 + + C. tropicalis (1) survived

2 81 M 23 82 75 + + C. guilliermondii (2) died

3 16 F 36 43 40 + _ C. parapsilosis (4) survived

4 54 F 21 57 55 + _ C. parapsilosis (5) survived

5 62 M 25 50 30 + _ C. albicans (1) died

6 27 F 54 31 31 + + C. guilliermondii (2) died

7 8 M 66 41 41 + + C. parapsilosis (2) survived

8 70 F 17.5 73 73 + + C. tropicalis (1) died

9 27 M 66 29 29 + +
C. parapsilosis (1); 

C. tropicalis (1)
died

10 26 M 52 15 15 + _ C. tropicalis (2) died

11 30 F 25 24 24 + + C. parapsilosis (1) died

12 18 F 60 32 32 + + C. tropicalis (2) died

13 2 F 38 25 25 + _ C. albicans (2) died
a  All patients had TPN administration and CVC.
b  Abbreviations: DOS, duration of stay; ICU, intensive care unit; TBSA, total body surface area; y, years; d, days.

Table 2.  Characteristics and Outcomes for Burn Patients a

Characteristics Patients With Candidemia 
(n = 13)

Without Patients Candidemia 
(n = 100) P Value

Age, y 33.8 ± 24.8 34.4 ± 19.5 0.51
TBSA, % 39.9 ± 17.6 41.5 ± 18.7 0.73
Hospital DOS, d 41.2 ± 19.7 22.9 ± 11.7 0.0003
ICU DOS, d 37.5 ± 19.2 16.2 ± 12.9 < 0.0001
CVC 13 (100) 83 (83) 0.13
No. antibiotics 4.8 4 0.07
Mechanical ventilation 8 (61.5) 40 (40) 0.07
TPN 13 (100) 81 (81) 0.1
Mortality 9 (69.2) 36 (36) 0.04
a Abbreviations: CVC, central venous catheter; DOS, duration of stay; ICU, intensive care unit; TBSA, total body surface area; TPN, total parenteral 
nutrition; y, years; d, days.
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Table 3.  In vitro Susceptibility to Amphotericin B, Voriconazole, Fluconazole and Caspofungin According to Etests Performed on 27 
Candida Species Isolated From Blood of Burn Patients With Candidemia a

Candida Species No. (%)
MIC, µg/mL b

Amphotericin B Voriconazole Fluconazole Caspofungin

C. parapsilosis 13 (48) 0.002 - 0.38 (0.06) 0.125 - 0.047 (0.06) 0.064 - 3 (1.17) > 32

C. tropicalis 7 (26) 0.016 - 0.032 (0.01) 0.016 - 0.032 (0.04) 0.125 - 0.25 (0.22) 1 (0.96)

C. guilliermondii 4 (15) 0.002 - 0.094 (0.01) 0.04 - 0.064 (0.02) 0.38 - 6 (1.92) 0.38 - 32 < (4.51)

C. albicans 3 (11) 0.002 - 0.047 (0.064) 0.004 - 0.125 (0.03) 0.19 - 0.38 (0.3) 0.5 - 1.5 (1)
a  Abbreviation: MIC, minimal inhibitory concentration.
b  Range (Geometric Mean).

5. Discussion
Bloodstream infections are among the most common 

complications occurring in severe burn patients. In fact, 
most burn-related deaths in modern burn units occur be-
cause of septic shock and organ dysfunction rather than 
osmotic shock and hypovolemia (17). Candida albicans have 
been described as the fourth most common pathogen iso-
lated from blood in ICU patients (18, 19). The incidence of 
infections caused by Candida spp. other than C. albicans 
has increased markedly during recent years (9, 20-22). In 
this study, we found that non-albicans Candida was the 
most common yeast isolated from burn patients. The high 
incidence of non-albicans Candida in patients with candi-
demia has been reported before (9, 21). Ghahri et al. report-
ed C. parapsilosis as the most common Candida species iso-
lated from blood of patients with candidemia in Iran (9).

Miranda et al. have suggested that C. parapsilosis candi-
demia is more likely to be from an exogenous source than 
from the patients themselves and highly associated with 
medical device such as CVC, TPN, mechanical ventilation, 
and urine catheter (23). These aggressive procedures and 
prolonged broad-spectrum antibiotics increase the risk 
of candidemia in burn patients (23, 24). Candida parap-
silosis has been reported as a frequent colonizer fungal 
species of the hands of hospital personnel and that may 
be a predisposing condition for nosocomial infections 
transmitted with the hands of hospital personnel (25). 
Education of hospital personnel for regular hand wash-
ing practice may prevent Candida colonization and noso-
comial transmission of fungemia.

The incidence of candidemia in our study was 12% in burn 
patients, which was higher than those reported before (1- 5 
%) (26); these differences might be due to the population 
size and duration of the study, or differences in the under-
lying disease. We found that the incidence of candidemia 
in burn patients was significantly associated with in-
creased duration of hospitalization and time of stay in the 
ICU. This is in agreement with previous studies that have 
shown a high incidence of systemic Candida infections in 
ICU patients (27). In our study, the mortality rate among 
burn patients with candidemia was significantly higher 
than in other patients, which is in agreement with pre-

vious studies (6). Moore et al. have reported that mortal-
ity among burn patients with candidemia is almost four 
times higher than in those without candidemia (15).

The in vitro antifungal susceptibility testing revealed 
that amphotericin and voriconazole were the most ac-
tive agents against isolated Candida species. This is in 
agreement with the results of a study by Aydin et al., 
who reported that isolates of C. albicans, C. parapsilosis, C. 
tropicalis and C. guilliermondii were susceptible to ampho-
tericin B, voriconazole and fluconazole (28). We found 
that caspofungin had poor antifungal activity against C. 
parapsilosis. The activity of caspofungin and other echi-
nocandins (anidulafungin and micafungin) against C. 
parapsilosis was also found to be unsatisfactory in vivo in 
a study by Canton et al. (29).

In conclusion, C. parapsilosis is the most common Can-
dida species isolated from blood of burned patients with 
candidemia in north part of Iran. Transmission through 
the hands of healthcare workers may play an important 
role in the spread of C. parapsilosis, contributing to the 
high isolation rate of this fungus. Identification and anti-
fungal susceptibility testing of yeasts isolated from blood 
cultures is crucial, since the echinocandins are less active 
against C. parapsilosis.

Acknowledgements
We are grateful to the vice chancellor of research at the 

Mazandaran University of Medical Sciences for their fi-
nancial support. We also would like to thank the techni-
cal assistance of Elham Mosayebi.

Authors’ Contributions
Tahereh Shokohi: designed and managed the research, 

analyzed and interpreted the data, wrote the main manu-
script; Seyed Zahra Nouranibaladezaei: acquisition of 
clinical data; Nazanin Lotfi: acquisition of clinical data, 
performing all tests, and drafting of the manuscript; 
Nahid Kondori: analysis and interpretation of data and 
critical revision of the manuscript; Ayatollah Nasrolahi 
Omran: set up some tests and managed the research. All 



Lotfi N et al.

5Jundishapur J Microbiol. 2015;8(10):e22929

authors reviewed the manuscript.

Funding/Support
The present article is based on a research done in partial 

fulfillment of the requirements for the thesis by Nazanin 
Lotfi, and was financially supported by Mazandaran Uni-
versity of Medical Sciences (grant no. 90-159).

References
1.       Holzheimer RG, Dralle H. Management of mycoses in surgical pa-

tients -- review of the literature. Eur J Med Res. 2002;7(5):200–26.
2.       Santucci SG, Gobara S, Santos CR, Fontana C, Levin AS. Infections 

in a burn intensive care unit: experience of seven years. J Hosp 
Infect. 2003;53(1):6–13.

3.       Cochran A, Morris SE, Edelman LS, Saffle JR. Systemic Candida 
infection in burn patients: a case-control study of management 
patterns and outcomes. Surg Infect (Larchmt). 2002;3(4):367–74.

4.       Murray CK, Loo FL, Hospenthal DR, Cancio LC, Jones JA, Kim SH, et 
al. Incidence of systemic fungal infection and related mortality 
following severe burns. Burns. 2008;34(8):1108–12.

5.       Tortorano AM, Dho G, Prigitano A, Breda G, Grancini A, Emmi V, 
et al. Invasive fungal infections in the intensive care unit: a mul-
ticentre, prospective, observational study in Italy (2006-2008). 
Mycoses. 2012;55(1):73–9.

6.       Ha JF, Italiano CM, Heath CH, Shih S, Rea S, Wood FM. Candidemia 
and invasive candidiasis: a review of the literature for the burns 
surgeon. Burns. 2011;37(2):181–95.

7.       Wu J, Xie S, Zhang G, Zhan J, Xie W, Yu R, et al. Guideline for di-
agnosis, prophylaxis and treatment of invasive fungal infection 
post burn injury in China 2013. Burns & Trauma. 2014;2(2):45.

8.       Macphail GL, Taylor GD, Buchanan-Chell M, Ross C, Wilson S, 
Kureishi A. Epidemiology, treatment and outcome of candi-
demia: a five-year review at three Canadian hospitals. Mycoses. 
2002;45(5-6):141–5.

9.       Ghahri M, Mirhendi H, Zomorodian K, Kondori N. Identifica-
tion and Antifungal Susceptibility Patterns of Candida Strains 
Isolated From Blood Specimens in Iran. Arch Clin Infect Dis. 
2013;8:e14529.

10.       Girmenia C, Tuccinardi C, Santilli S, Mondello F, Monaco M, Cassone 
A, et al. In vitro activity of fluconazole and voriconazole against iso-
lates of Candida albicans from patients with haematological ma-
lignancies. J Antimicrob Chemother. 2000;46(3):479–83.

11.       Leroy O, Gangneux JP, Montravers P, Mira JP, Gouin F, Sollet JP, et 
al. Epidemiology, management, and risk factors for death of in-
vasive Candida infections in critical care: a multicenter, prospec-
tive, observational study in France (2005-2006). Crit Care Med. 
2009;37(5):1612–8.

12.       Tumbarello M, Sanguinetti M, Trecarichi EM, La Sorda M, Rossi M, 
de Carolis E, et al. Fungaemia caused by Candida glabrata with 
reduced susceptibility to fluconazole due to altered gene expres-
sion: risk factors, antifungal treatment and outcome. J Antimi-
crob Chemother. 2008;62(6):1379–85.

13.       Bassetti M, Taramasso L, Nicco E, Molinari MP, Mussap M, Viscoli 
C. Epidemiology, species distribution, antifungal susceptibility 
and outcome of nosocomial candidemia in a tertiary care hospi-
tal in Italy. PLoS One. 2011;6(9):e24198.

14.       Kiehn TE, Capitolo C, Mayo JB, Armstrong D. Comparative recov-
ery of fungi from biphasic and conventional blood culture me-
dia. J Clin Microbiol. 1981;14(6):681–3.

15.       Moore EC, Padiglione AA, Wasiak J, Paul E, Cleland H. Candida in 
burns: risk factors and outcomes. J Burn Care Res. 2010;31(2):257–63.

16.       Espinel-Ingroff A, Pfaller M, Erwin ME, Jones RN. Interlaboratory 
evaluation of Etest method for testing antifungal susceptibili-
ties of pathogenic yeasts to five antifungal agents by using Ca-
sitone agar and solidified RPMI 1640 medium with 2% glucose. J 
Clin Microbiol. 1996;34(4):848–52.

17.       Raz-Pasteur A, Hussein K, Finkelstein R, Ullmann Y, Egozi D. Blood 
stream infections (BSI) in severe burn patients--early and late 
BSI: a 9-year study. Burns. 2013;39(4):636–42.

18.       Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Ed-
mond MB. Nosocomial bloodstream infections in US hospitals: 
analysis of 24,179 cases from a prospective nationwide surveil-
lance study. Clin Infect Dis. 2004;39(3):309–17.

19.       Zorgani A, Franka RA, Zaidi MM, Alshweref UM, Elgmati M. 
Trends in nosocomial bloodstream infections in a burn in-
tensive care unit: an eight-year survey. Ann Burns Fire Disasters. 
2010;23(2):88–94.

20.       Krcmery V, Barnes AJ. Non-albicans Candida spp. causing fun-
gaemia: pathogenicity and antifungal resistance. J Hosp Infect. 
2002;50(4):243–60.

21.       Nicholson A, Rainford L. The epidemiology of fungaemia at the 
University Hospital of the West Indies, Kingston, Jamaica. West 
Indian Med J. 2009;58(6):580–4.

22.       Trick WE, Fridkin SK, Edwards JR, Hajjeh RA, Gaynes RP, National 
Nosocomial Infections Surveillance System H. Secular trend of hos-
pital-acquired candidemia among intensive care unit patients in 
the United States during 1989-1999. Clin Infect Dis. 2002;35(5):627–30.

23.       Miranda LN, van der Heijden IM, Costa SF, Sousa AP, Sienra RA, 
Gobara S, et al. Candida colonisation as a source for candidae-
mia. J Hosp Infect. 2009;72(1):9–16.

24.       Trofa D, Gacser A, Nosanchuk JD. Candida parapsilosis, an emerg-
ing fungal pathogen. Clin Microbiol Rev. 2008;21(4):606–25.

25.       Yildirim M, Sahin I, Kucukbayrak A, Ozdemir D, Tevfik Yavuz M, 
Oksuz S, et al. Hand carriage of Candida species and risk factors 
in hospital personnel. Mycoses. 2007;50(3):189–92.

26.       Sheridan RL, Weber JM, Budkevich LG, Tompkins RG. Candi-
demia in the pediatric patient with burns. J Burn Care Rehabil. 
1995;16(4):440–3.

27.       Shorr AF, Chung K, Jackson WL, Waterman PE, Kollef MH. Flucon-
azole prophylaxis in critically ill surgical patients: a meta-analy-
sis. Crit Care Med. 2005;33(9):1928–35.

28.       Aydin F, Bayramoglu G, Guler NC, Kaklikkaya N, Tosun I. Blood-
stream yeast infections in a university hospital in Northeast Tur-
key: a 4-year survey. Med Mycol. 2011;49(3):316–9.

29.       Canton E, Espinel-Ingroff A, Peman J, del Castillo L. In vitro fungi-
cidal activities of echinocandins against Candida metapsilosis, 
C. orthopsilosis, and C. parapsilosis evaluated by time-kill stud-
ies. Antimicrob Agents Chemother. 2010;54(5):2194–7.


