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Abstract 
Introduction: Early diagnosis and appropriate management of fungal infections are critical for reducing complications and mortality in 
hospitalized patients. Due to the lack of appropriate local management protocols as well as the unavailability and cost of advanced tests for 
diagnosis of fungal infections, the irrational use of antifungals is a concern in developing countries. 
Objectives: This study was designed to evaluate diagnosis and management of fungal infections in hospitalized patients. 
Methods: In a retrospective cross-sectional study, the use of parenteral antifungal medications among hospitalized patients was evaluated 
according to the prepared protocols adapted from the international guidelines.  
Results: Among 151 patients, diagnostic approaches were appropriate and inappropriate in 90 and 61 patients respectively. Indications for 
antifungal drug administration were empiric therapy (80.1%) followed by targeted therapy (19.2%) and prophylaxis (0.7%). The indications 
were appropriate and inappropriate in 123 and 28 patients respectively. Selection of antifungals was appropriate in 117 patients, inappropriate 
in 16 patients, and was not assessable in other cases. The doses of antifungal medications were appropriate and inappropriate in 111 and 14 
patients respectively. Among 151 patients, the duration of treatment was appropriate just in 33 cases. The techniques for antifungal 
administration were appropriate in 133 patients and inappropriate in 18 cases. 
Conclusions: Due to limited access to diagnostic tests, most parenteral antifungal medications were administered as empiric therapy. The 
diagnostic workups, treatment monitoring, and follow-up were inadequate in most patients. Development of local diagnostic and management 
protocols for invasive fungal infections and considering a stewardship program for antifungal medications are essential for each medical center. 
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Introduction 

Several fungi have the potential to cause 
widespread diseases in human subjects [1]. Although 
most fungal diseases can be managed simply, the 
treatment of invasive fungal infections (IFIs) is a 
critical challenge and these infections are responsible 
for approximately 1.5 million deaths a year [2]. In the 
recent decade, the concern towards IFIs has increased 
considerably as the susceptible populations are 
increasing [2-5]. These infections can be categorized as 
endemic and opportunistic mycosis. Invasive 
candidiasis, aspergillosis, and mucormycosis are the 
most common opportunistic fungal infections 
respectively [5] Solid organ transplantation, 

malignancy, and chemotherapy, immune-mediated 
disorders, widespread use of corticosteroids and 
immunosuppressant medications, renal replacement 
therapy, critically illnesses, widespread use of catheters 
and devices, and surgical interventions are known main 
associated factors for opportunistic fungal infections 
[1,2]. 

Several strategies including prophylaxis, empirical, 
pre-emptive, or targeted therapy are recommended for 
the management of IFIs. Polyenes, azoles, and 
echinocandins are the most commonly used antifungal 
agents in this era [3,5]. Unnecessary exposure, cost, 
adverse drug reactions, and increasing resistance may 
be caused by the irrational use of antifungal drugs [8]. 
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The use of accurate and quick laboratory tests and 
techniques is important to consider these drugs in an 
appropriate way [3,5,9,10]. However, the lack of 
sensitive diagnostic tools in many settings may result in 
inappropriate and unnecessary antifungal drug 
administration. So, applying antifungal stewardship 
programs is essential to manage the use of antifungal 
agents [11,12]. 

Due to a lack of appropriate local management 
protocols as well as the unavailability and cost of 
advanced tests and techniques for the diagnosis of 
fungal infections, the irrational use of antifungals is a 
concern in developing countries. The aims of this study 
were to evaluate both the diagnosis and management of 
fungal infections in hospitalized patients.  

 
Methods 
Hospital setting 

This study was conducted in Imam Khomeini 
Hospital Complex, Tehran, Iran. The hospital is a 
referral tertiary teaching center and is affiliated with 
Tehran University of Medical Sciences (TUMS). 

 
Design and population 

In a retrospective cross-sectional study (between 
March 2019 and December 2020), adult patients (≥ 18 
years) who received any parenteral systemic antifungal 
drugs for at least 24 hours were included. Patients with 
incomplete medical records were excluded.  

 
Data collection 

Patients’ demographic data, baseline diseases, 
medications, causes of hospital admission, duration of 
hospitalization, interventions during the hospital stay, 
immune-system status, associated factors for fungal 
infections, diagnostic approaches to detect fungal 
infections, use of antifungal medications (time, type, 
dose and duration), monitoring of antifungal therapy 
and follow-up were collected from patients’ medical 
records and the hospital information system.  

 
Protocol development 

To evaluate diagnostic and treatment approaches 
for fungal infections, the study protocols were 
developed (Supplementary Figures 1-4). Protocols for 
diagnosis and management of invasive aspergillosis and 
candidiasis were adapted from the Infectious Diseases 
Society of America (IDSA) guidelines [13,14]. 
European Confederation of Medical Mycology 
(ECMM) guide was applied for mucormycosis [15]. 
Also, some articles have been used for developing the 
protocols [16-20]. The protocols were reviewed and 

finalized by two independent infectious diseases 
specialists and also two clinical pharmacists. Besides 
clinical findings and physical examinations, several 
molecular, biochemical, radiological, mycology, and 
histopathology studies and fungal smear, staining, and 
culture are recommended for diagnosis of fungal 
infections. Preferred antifungal regimens and 
alternatives are recommended in the international 
guidelines. Appropriate monitoring during the 
treatment course and end-of-treatment follow-up 
programs are crucial for the successful management of 
invasive fungal infections. 

 
Data evaluation 

Patients’ medical charts review and data extraction 
were done by clinical pharmacists. If a patient received 
parenteral antifungals for more than one period, only 
the first episode was included. Patients’ data have been 
reviewed in the scientific committee sections. The 
scientific committee consisted of two clinical 
pharmacists, two infectious diseases specialists, an 
intensivist, and a hospital pharmacist. 

  
Definitions 

Applied diagnostic tests (fungal smear, staining, 
culture, biomarkers, pathological and radiological 
findings), indications (prophylaxis, empiric or direct 
therapy), time form suggestion of fungal infection to 
starting drug (within 24 hours), selected antifungal (first 
choice and alternatives), dose (according to patient’s 
weight, renal and liver function), techniques of 
preparation and administration of antifungal (vial 
reconstitution, dilution, peripheral or central line and 
rate of administration, incompatibility, premedication), 
monitoring (hemodynamic parameters, vital signs, 
renal and liver function assessments, electrolytes and 
other necessary laboratory tests, and therapeutic drug 
monitoring) and duration of therapy (considering the 
type of infection, assessment of the response to the 
therapy, follow-up tests, and  imaging)  were evaluated 
in the committee. These parameters were  compared 
with the developed protocols and named as appropriate 
(if complied) and inappropriate (if not complied).  

Parenteral broad-spectrum antibiotics for more than 
10-14 days are considered long-term antibiotic therapy. 
Also, a hospital stay of more than 5 days is defined as 
long-term hospitalization. Long-term catheter is 
defined as any indwelling catheter for more than 14 
days. ’Patient’s immune system status was evaluated 
considering using immunosuppressive agents, history 
of organ or bone marrow transplant, or autoimmune 
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diseases. Neutropenia was defined as circulation 
neutrophils less than 1500 cells/µL. 

  
Ethical approval 

The Ethics Committee of Tehran University of 
Medical Sciences approved the study (ID: 
IR.TUMS.TIPS.REC.1398.185). 

 
Statistical analysis 

The quantitative variables have been expressed as 
mean ± standard deviation and qualitative variables as 
frequency (%). Correlation between antifungals’ 
administration indexes and the patients’ outcomes 
(length of hospital stay and mortality) have been 
evaluated by the Bivariate Pearson Correlation. 
Significant correlations have been expressed as OR 
(95% CI) according to the Binary Logistic Regression 
model. A p value < 0.05 was considered significant. 
Statistical Package for the Social Sciences (SPSS) 
software (version 25.0) was applied for data analysis.  

 
Results 

During the study, 151 patients received parenteral 
systemic antifungal medications. Mean ± SD of 
patients’ age was 53.64 ± 18.32 years and most of them 
were male (52.35%). Regarding to the site of care, 
62.3% of patients were admitted to Intensive Care Unit 
(ICU) and the rest were in the medical wards. The 
median length of hospitalization was approximately 
33.5 days.  

Table 1 shows patients' demographic, clinical 
characteristics, associated factors for fungal infections, 
and outcomes. Indwelling catheters, 
immunosuppression, sepsis, and long-term 
hospitalization were the most commonly associated 
factors with fungal infections respectively. 

   
Diagnostic workup and follow-up  

Fungal infections were diagnosed according to the 
clinical findings (signs and symptoms, physical 
examinations, and patients’ baseline conditions) in 
68.2% of patients. For 17.2% of patients, antifungal 
medications were considered because of the positive 
fungal culture of the biological samples. Radiological 
and clinical findings were the reasons for antifungal 
therapy in 4.6% and 4% of patients respectively.  

The diagnostic approaches were appropriate and 
inappropriate in 59.6% and 40.4% of patients 
respectively. Considering follow-up programs, only 
26.5% of patients had appropriate approaches and 
58.9% and 14.6% of patients were inappropriate or 
inaccessible respectively. 

Laboratory tests 
Table 2 shows mycology test results and the origins 

of the proven fungal infections. Candida species almost 
always just recorded as Candida albicans or none- 
albicans.  

 
Antifungal indications and time of administration 

Indications for antifungal medications were empiric 
therapy (80.8%) followed by targeted therapy (18.5%) 

Table1. Patients' demographic and clinical characteristics (n = 
151). 
Variable N (%) 
Age (year), (mean ± SD) 53.64 ± 18.32 
Sex 
Female 72 (47.7) 
Male 79 (52.3) 
Length of hospitalization (day), (mean ± 
SD) 33.5 ± 24.28 

Duration of hospitalization before fungal 
infection diagnosis (day), (mean ± SD) 13.18 ± 14.12 

Immune system status 
Immunocompromised 93 (61.6) 
Immunocompetent 58 (38.4) 
Neutropenic patients 7 (4.6) 
Antifungal administration targets 
Mucormycosis 25 (16) 
Aspergillosis 4 (3) 
Aspergillosis or Mucurmycosis 13 (9) 
Candida spp. 109 (72) 
Associated factors for invasive fungal infections 
Diabetes mellites 51 (33.8) 
Cancer 42 (27.8) 
Immunosuppression 93 (61.6) 
Long-term catheter 99 (65) 
Long-term antibiotic therapy 49 (32.5) 
Long-term hospitalization 63 (41.7) 
Surgery 44 (29.1) 
Sepsis 68 (45) 
Chemotherapy 10 (6.6) 
Parenteral nutrition 7 (4.6) 
Baseline diseases 
Diabetes mellitus 19 (12.6) 
Cardiovascular 5 (3.3) 
Neurologic disorders 3 (2) 
Gastrointestinal disorders 32 (21.2) 
Autoimmune diseases 1 (0.7) 
Cancer 27 (17.9) 
Covid-19 31 (20.5) 
Others 34 (22.5) 
Site of care 
Intensive Care Unit 94 (62.3) 
Medical wards 57 (37.7) 
Cause of ICU admission 
Medical 50 (33.1) 
Surgical 31 (20.5) 
Loss of consciousness 12 (7.9) 
Need for vasopressor 1 (0.7) 
Outcome 
Deceased 94 (62.3) 
Discharged 57 (37.7) 
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and prophylaxis (0.7%). The reasons for empirical 
therapy were Candida score of more than 2.5, persistent 
fever for 2-3 days despite broad-spectrum antibiotic 
therapy, and clinical or radiological findings for 
mucormycosis, aspergillosis or esophageal candidiasis. 

In 71.5% of patients, fungal infections were 
suspected according to the diagnostic measures whereas 
it was definite for 16.6% of patients. The diagnosis of 
fungal infection was unlikely in 11.9% of patients who 
received antifungal medications. Indications for 
antifungal therapy in 81.5% and 18.5% of patients were 
appropriate and inappropriate respectively (Table 3). 

Regarding the starting time of antifungal therapy, it 
was on time in 59.6% of cases but was with delay in 
28.5% of patients. 

 
Selected drug and dose 

Caspofungin was the most commonly used 
antifungal agent (51.7%) followed by liposomal 
(17.9%) and conventional formulations of amphotericin 
B (7.3%), fluconazole (12.9%) and voriconazole 
(1.3%). In 9.2% of cases, both liposomal and 
conventional formulations of amphotericin B were 
administered in one treatment course and were changed 
with each other based on availability in the hospital. In 
general, selected antifungal drugs were appropriate in 
77.5% of patients, inappropriate in 10.6% of patients, 
and were not assessable in other cases.  

Dose of antifungal medications were appropriate 
and inappropriate in 73.5% and 9.3% of patients 
respectively. Evaluation of other patients in this regard 
was impossible because the indications or selected 
drugs were inappropriate.  

 
Duration of treatment, monitoring, and administration 
techniques 

Duration of treatment was appropriate just in 21.9% 
of cases. It was inappropriate in 36.4% of the patients 
and was not assessable in 41.7% of individuals as they 
deceased during antifungal treatment or received 
antifungal therapy inappropriately. 

Therapeutic drug monitoring (TDM) was not 
available and patients were only monitored for clinical 
response and adverse drug reactions.  

Antifungals’ administration techniques were 
appropriate in 88% of patients and inappropriate in 12% 
of cases. 

Appropriateness of antifungals’ administration 
indexes (except dosage) improved patients’ survival but 
not the length of hospital stays (Table 4).  

 
Discussion 

In this study, according to the adapted protocols 
from the international guidelines and related articles, 
parenteral systemic antifungal utilization for the 
management of hospitalized patients with suspected or 
confirmed candidiasis, invasive aspergillosis, and 
mucormycosis was evaluated.  

This study revealed that diagnostic workups for 
more than half of patients were not adequate. In some 
cases, especially in critically ill patients, early detection 
of patients who were at risk for invasive candidiasis was 
missed. Also, in most cases, on-time and appropriate 
biological samples did not send for laboratory 
evaluations. Access to molecular, biochemical and 
cultural tests was limited.  Although there are several 
fungal biomarkers for early detection of fungal 
infections, galactomannan level (GML) was the only 
fungal biomarker that measured for only 13 patients 

Table 2. Finding of mycology tests. 
Parameter N (%) 
Culture-positive samples  
Urine 29 (17.4) 
Blood 18 (10.8) 
Tracheal discharge 8 (4.8) 
Central line catheter 4 (2.4) 
General fluid 4 (2.4) 
Other catheters 2 (1.2) 
Smear-positive samples 6 (3.6) 
Histopathology 7 (4.2) 
Detected fungi  
Candida albicans 26 (15.6) 
Candida none- albicans 34 920.4) 
Mucormycosis 6 (3.6) 
Aspergillus 7 (4.2) 

 

Table 3. Assessment of antifungal therapy. 
Not assessable Inappropriate Appropriate Parameter 

- 89 (58.9%) 62 (41.1%) Diagnostic workup 
22 (14.6%) 89 (58.9%) 40 (26.5%) Patients’ follow-up 

- 28 (18.5%) 123 (81.5%) Indication 
18 (11.9%) 43 (28.5%) 90 (59.6%) Time of administration 
18 (11.9%) 16 (10.6%) 117 (77.5%) Selected antifungal 
34 (22.5%) 10 (6.6%) 107 (70.9%) Dosage 
63 (41.7%) 55 (36.4%) 33 (21.9%) Duration of treatment 
24 (15.9%) 127 (84.1%) 0 Treatment monitoring 

- 18 (12%) 133 (88%) Administration technique 
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with suspected invasive aspergillosis. These limitations 
can lead to the irrational use of antifungal drugs in 
clinical practice. In a multicenter, two-times (first in 
June 2015 and the other in July 2017) point prevalence 
study (PPS) in Greek by Arvaniti et al, it has been 
shown that the absence of capacity to perform 
biological markers measurement led to an increase in 
the use of posaconazole as prophylaxis against Candida 
spp. and filamentous fungi infections [21].  

Ultrasonography as the first choice and computed 
tomography (CT) scan as an alternative are the imaging 
techniques that are recommended in patients with 
possible candiduria to detect abscess formation, 
obstruction, or fungus ball presence [22]. These 
diagnostic approaches are never conducted in patients 
with possible candiduria. Also, esophagoscopy as a 
choice procedure in patients with possible esophageal 
candidiasis was never performed. Sometimes, for 
patients with possible mucormycosis, some imaging 
techniques such as a CT scan or Magnetic Resonance 
Imaging (MRI) were not considered [23]. 

Approximately only for one out of four patients, an 
appropriate follow-up program has been considered. 
Repeated fungal culture after 48 hours of starting 
treatment for proven candida infections, serial GML 
measurements to screen the treatment response of 
invasive aspergillosis, and serial appropriate imaging to 
monitor the treatment response of mucormycosis are 
from such recommended follow-up programs [13,14, 
24]. 

Antifungal drugs were administered as empiric 
therapy in most cases and in more than 80% of 
occasions this decision was appropriate. In a study by 
Valerio et al., performed at a tertiary teaching hospital 
in Madrid, Spain between December 2010 to January 
2011, empiric therapy was the major reason for 
antifungal administrations followed by pre-emptive 
(20%) and targeted therapy (20%).  The study also 
addressed that for 16% of cases antifungal therapy was 
unnecessary [25]. In an observational, cross-sectional 
study conducted in a Brazilian tertiary care hospital 
between January and December 2013, pre-emptive 
therapy was the most therapeutic strategy (50.9%) 

followed by targeted (19.7%) and empirical (17.5%) 
therapy, respectively [8]. The study also showed that 
84.1% of indications were appropriate.[8] The results of 
the study by Arvaniti et al. indicated that empirical 
therapy was the common (30%) indication for 
antifungal prescriptions and the overall antifungal 
therapy assessment (indication, selected antifungal, or 
dosage) was inappropriate in 25% of patients [21].  

In our evaluation, caspofungin was the most 
commonly administered antifungal medication 
followed by liposomal amphotericin B. Selected 
antifungal agents were inappropriate in 10.6% of 
patients. Caspofungin was often prescribed as empirical 
therapy for patients with possible candidemia and 
liposomal amphotericin B was administered mostly in 
patients with clinical or radiological findings of 
mucormycosis. The use of caspofungin for candiduria 
and fluconazole for candidemia as empirical therapy 
were the most cases of inappropriate antifungal agent 
selection. 

In other investigations, including Valerio et al. [25], 
Reis et al. [8], and Arvaniti et al. [21], fluconazole was 
the most commonly administered antifungal but in 
Poulat et al. study caspofungin was first antifungal drug 
[26]. In this retrospective research which was 
performed at Haute-Pierre University Hospital, 
Strasbourg, France in 2012, 61% and 22% of 
antifungals were used as targeted and empiric therapy 
respectively. The overall assessment showed that both 
antifungal indication and selection were appropriate in 
91% of cases [26]. 

The current study showed that in Imam Khomeini 
Hospital Complex, 73.5% of cases received appropriate 
antifungal dosage. Caspofungin dose was almost 
always appropriate according to the protocol but 
patients did not receive an adequate dose of 
fluconazole, liposomal amphotericin B, and 
conventional amphotericin B. In a study by Reis et al., 
67.8% of antifungal drugs dosage were appropriate. 
Route of administration, missed calculating dose based 
on patients’ age and weight, lack of dose adjustment, 
and applied different dosing range were main subjects 
for inappropriate antifungals dosing [8]. According to 

Table 4. Effects of antifungals administration indexes on patients’ outcomes. 

Index Length of hospitalization 
(p value) 

Mortality 
OR (95% CI) 

Appropriateness of diagnostic workups 0.25 0.44 (0.22-0.88) 
Appropriateness of indication 0.32 0.29 (0.10-0.83) 
Appropriateness of time of administration 0.95 0.32 (0.17-0.60) 
Appropriateness of selection 0.76 0.65 (0.42-0.98) 
Appropriateness of dosage 0.10 0.67 (p value) 
Appropriateness of duration 0.14 0.32 (0.22-0.47) 
Appropriateness of administration techniques 0.55 0.23 (0.07-0.83) 
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Poulat et al., 89% of antifungal drugs were 
administered with appropriate dosage [26]. 

Antifungal agents were started with considerable 
delay in 28.5% of cases. This may be due to insufficient 
workups and lack of diagnostic tools. 

Therapeutic drug monitoring (TDM) of antifungals 
was not applied. However, TDM is recommended for 
selected antifungals (itraconazole, voriconazole, and 
posaconazole) to optimize the treatment regimens [27]. 
Inadequate antifungal blood concentrations can lead to 
poor clinical outcomes [28]. If it is available, antifungal 
TDM may be considered for selected antifungal 
medications and also for patients with probable changes 
in the pharmacokinetics parameters [11]. Anyway, 
TDM is expected at least for voriconazole, a drug with 
variable pharmacokinetic behavior. 

Invasive fungal infections can cause considerable 
mortality especially in immunocompromised and 
critically ill patients [10]. Considering the inappropriate 
use of antifungal medications and current trends in 
acquired antifungal resistance, applying stewardship 
programs are essential [29]. According to IDSA 
suggestion for Antifungal Stewardship (AFS) 
programs, clinical pharmacists, clinical microbiologists 
and infectious disease specialists are the main members 
of AFS team [29]. Unfortunately, this is an important 
gap in our hospital. 

Our study suffered from some major limitations 
including being retrospective with a small sample size, 
lack of some information in the Hospital Information 
System (HIS) database, defects in patients’ medical 
records, antifungal availability, and in a few cases 
unclear reasons for antifungal therapy. Also, oral 
antifungals were not evaluated.  

 
Conclusions 

There was no local protocol for the diagnosis and 
treatment of invasive fungal infections in this center. 
The lack of diagnostic approaches and laboratory tests 
were the main alarming findings of this study. 
Indications of antifungal medications were empiric in 
most cases. Antifungal agents were selected 
appropriately for most cases with suspected or 
confirmed infections. There was no knowledge or 
attitude regarding therapeutic drug monitoring for 
antifungal medications. The establishment of antifungal 
stewardship programs in the hospital is essential.  
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Annex – Supplementary Items 
 
  

Supplementary Figure 1. Approach for diagnosis of 
candidiasis. 

Supplementary Figure 2. Approach for treatment of 
candidiasis. 
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 Supplementary Figure 3. Approach for diagnosis and treatment 
of aspergillosis. 

Supplementary Figure 4. Approach for diagnosis and treatment 
of mucormycosis. 
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