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Abstract
Introduction: Invasive fungal infections (IFI) are common nosocomial infections in immunosuppressed individuals. 
Method: It was a cross-sectional and observational study. A total of 77 peripheral venous blood samples were 
collected from clinically suspected IFI patients from the intensive care unit (ICU) of Bangabandhu Sheikh Mujib 
Medical University (BSMMU). The study was conducted from December 2022 to August 2023. Result: A total of 77 
critically ill patients with a high risk of invasive fungal infection (IFI) were classified based on blood culture into 
three groups: no fungemia (41 patients with proven bacterial sepsis), suspected fungemia (25 patients with negative 
blood culture), and definite fungemia group (11 patients with culture-proven fungemia). 10/54 presented Candida spp. 
and 1/54 presented Aspergillus spp. Hospitalization for more than 3 weeks, the use of a central device, persistent 
thrombocytopenia, and CRP levels were significantly higher in the definite fungemia group compared to the other two 
groups. In contrast, mechanical ventilation lasting more than 1 week was significantly higher in the definite fungemia 
group compared with the no fungemia group. IFI was more commonly seen in patients with autoimmune diseases (p = 
0.002, odds ratio 10.13, 95% CI: 2.3-44). The majority of cases were from the age group of ≥60 years, predominantly 
male. Conclusion: Invasive fungal infection is grossly underreported in critical settings. Early suspicion, thorough 
investigation, and timely diagnosis may alleviate patients of significant mortality and morbidity.
Keywords: Invasive fungal infections, risk factors, fungemia.
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Introduction:  
Every year, fungi cause at least 13 million illnesses and 1.5 million 
fatalities worldwide, mostly in those with weakened immune systems1. 
An estimated 1.9 million patients get acute invasive fungal infections 
(IFI) annually, while 3 million persons globally are thought to have 
severe chronic fungal infections1. IFI has become more common in 
recent years, primarily among hospitalized patients. The majority of 
the opportunistic infections that cause IFIs are Aspergillus species, 
Candida, and Cryptococcus2. Although the prevalence of candidemia 
varies greatly from nation to nation, a study indicated that 8100 
instances of the disease occur annually in Bangladesh at a conservative 
incidence of 5 per 100,000. In Bangladesh, invasive aspergillosis (IA) 
is seldom acknowledged among other severe fungal illnesses3. In 
Bangladesh, there are an estimated 2,481,444 people with COPD 
(7.2%) out of 34.5 million persons over 404. Assuming that 1.3% of 
these patients acquire IA and 13% of them are hospitalized annually4. 
According to the previously mentioned facts, aspergillosis and invasive 

candidemia represent a significant burden in Bangladesh. The 
most prevalent IFI in intensive care units is invasive 
candidiasis5,6,7. Most of these cases are attributed to the 
widespread use of broad-spectrum antibiotics and the various 
devices that disturb normal skin and mucosal barriers8,9,10. In 
terms of IFIs, invasive aspergillosis is the second most 
prevalent. Invasive aspergillosis is increasingly being 
documented in intensive care units (ICUs), despite the fact 
that it is primarily observed in patients of solid organ 
transplants11 and hematopoietic stem cell transplants12. ICU 
patients are particularly vulnerable to Aspergillus infection 
due to compromised mucosal clearance and mechanical 
breathing. Spores have been linked to construction sites and 
hospital environments13,14. Other fungal infections, such as 
those brought on by Scedosporium and Mucorales, are 
comparatively uncommon in medical intensive care units and 
are typically observed in patients who have a history of 
immunosuppression15,16. The incidence and risk factors of 
fungal infections in immunosuppressed groups (transplant 
recipients, cancer patients, and HIV) are well documented, 
but there is a dearth of information on the epidemiology of 
fungal infections in critically sick patients. Therefore, 
identifying the prevalence and risk factors of invasive fungal 
infections in a medical intensive care unit was the study's 
main goal.
Materials and Methods:
This is an observational and cross-sectional study conducted 
in a tertiary care hospital in a time span of9 months, from 
December 2022 to August 2023. Peripheral venous blood 
was collected from the patients admitted to the intensive care 
unit of Bangabandhu Sheikh Mujib Medical University 
(BSMMU). Laboratory work was performed in the 
Department of Microbiology & Immunology, (BSMMU). 
Clinically suspected patients of IFIs were admitted to the 
intensive care unit of BSMMU. Inclusion criteria were 
Clinically suspected patients of IFIs with any of the following 
factors were included in this study. The factors are 
Neutropenia (<0.5x 109 neutrophils/L), Use of corticosteroid 
for a prolonged time (minimum dose of 0.3 mg/kg/day of 
prednisone equivalent, for >3 weeks) and Fever refractory to 
at least 3 days of appropriate antibiotics/fever relapsing after 
a period of defervescence of at least 48 hours while still 
receiving antibiotics. Exclusion criteria were Participants 
were not be enrolled if they- Had any bacterial/parasitic 
infections, Were on the regimen for anti-fungal 
therapy.Relevant data were collected from patients or their 
attendants or the clinical history records and investigations of 
the patients in a predesigned data collection sheet. Results 
obtained from laboratory methods were recorded in a 
separate data collection sheet. Procedures in the laboratory: 
Peripheral venous blood was collected under aseptic 
conditions using a sterile disposable syringe tagged with a 
butterfly needle after preparing the patient’s skin with, at first 
70% alcohol and hereafter with 1% tincture iodine17. A total 

of 10 ml of blood was collected and inoculated into an 
automated blood culture bottle. Blood culture and 
identification of yielding fungi: Inoculation of 10 ml of blood 
into the BD-BACTECTM Plus Aerobic/F blood culture bottle 
after disinfection of the head of the bottle with 70% alcohol18. 
Then the blood culture bottle was inserted into the 
BD-BACTECTM FX40 (Becton, Dickinson and Company, 
Sparks, MD 21152, USA) blood culture machine for 
incubation at 370 C temperature for 1-5 days according to the 
manufacturer’s instruction19.  After showing positive 
indicators on the machine; with all necessary aseptic 
precautions, isolation of microorganisms was done by 
sub-culturing a small amount of liquid media on Sabouraud 
dextrose agar (SDA) media, blood agar media, and 
MacConkey agar media and incubated at 370C for 24 hours 
aerobically, up to 4-5 days for SDA media, as the maximum 
time required for Candida and Aspergillus species to grow in 
SDA media is 4-5 days20. A smear was also made from 
growth on subculture media and Gram stain preparations 
were performed.  All the bottles and the culture media were 
discarded after 7 days according to the proper safety 
procedure21. Identification of organisms was performed using 
colony morphology, wet film, Gram staining, microscopy, 
and biochemical tests. Ethical approval: This study was 
ethically approved by the Institutional Review Board (IRB), 
BSMMU (NO. BSMMU/2022/12411) on 12/12/2022. 
Statistical analysis: Data analysis was done using the SPSS 
software package version 27 (Strata Corporation, College 
Station, Texas). The Kolmogorov-Smirnov test was used to 
check for normal data distribution. Categorical data were 
described using numbers and percentages. Continuous data 
were described using median, mean, range, and standard 
deviation. The chi-square test was used for categorical 
variables, one-way ANOVA for Gaussian data, and 
Kruskal-Walls test for non-Gaussian data to compare between 
three or more groups. 
Results:
A total of 77 critically ill patients with suspected IFI were 
enrolled during the study period; the study flow chart (Figure 
1) shows how the patients were categorized into groups. A 
total of 77 blood samples from patients with invasive fungal 
infections who were clinically suspected were used in this 
investigation. As illustrated in a pie chart in Figure 2, of the 
blood samples from 77 individuals with clinically suspected 
invasive fungal infections, 11 (14%) tested positive for 
fungus, 41 (53%) tested positive for bacteria, and 25 (33%) 
tested negative for growth. Gram-negative bacteria were 
more common than Gram-positive bacteria in the blood 
samples of 77 patients with clinically suspected invasive 
fungal infections (32/54 and 11/54, respectively). The 
organisms that were grown were Proteus spp. (2/54), 
Pseudomonas aeroginosa (3/54), coagulase-negative 
Staphylococcus [9/54], Staphylococcus aureus [3/54], 
Klebsiella spp. (14/54), and Escherichia coli (12/54). 

Additionally, 1/54 had Aspergillus spp. and 10/54 presented 
Candida spp. Both blood cultures showed mixed bacterial and 
fungal growth. Hospitalization for more than 3 weeks, the use 
of a central device, persistent thrombocytopenia, and CRP 
levels were significantly higher in the definite fungemia 
group compared to the other two groups. In contrast, 
mechanical ventilation >1 week was significantly higher in 
the definite fungemia group when compared with the no 
fungemia group only (Table I). The most frequent main 
diagnosis among these patients was pneumonia (39%), 
followed by acute febrile illness (14%), urinary tract infection 
(13%), meningoencephalitis (6%), and gastroenteritis (5%). 
The most prevalent co-morbidities among the patients that 
were recruited were diabetes (29%), chronic kidney disease 
(18%), chronic lung disease (15%), auto-immune illness 
(9%), and chronic liver disease (6%). The rate of IFI was 
unaffected by risk factors other than the existence of 
auto-immune disorders (p = 0.002, odds ratio-10.13 (95% CI: 
2.3-44)) (Table II). Table III shows the age group distribution 
according to gender in the study population. Out of 77 
patients, 6 (13.0%) were male and 1 (3.2%) were in the age 
group of 18-30 years, 6 (13.0%) were male and 3 (9.7%) 
were female in the age group of 31-40 years, 6 (13.0%) were 
male and 6 (19.3%) were female in the age group of 41-50 
years, 12 (26.0%) were male and 7 (22.6%) were female in 
the age group of 51-60 years and 16 (35.0%) were male and 
14  (45.2%) were female in the age group of ≥60 years. The 
majority of cases were from the age group of ≥60 years, 
predominantly male. The mean age for males was 
51.97±16.74 years and for females was 57.67±14.79 years.

Figure 1: Study flowchart

Figure 2: Results of automated blood culture among the study population (n=77)

Figure 3: Organisms isolated in automated blood culture
Table I: Clinical and laboratory characteristics of the studied 
groups

 *CRP- C- reactive protein
a Comparison between all groups
b Comparison between no fungemia and suspected fungemia
c Comparison between no fungemia and definite fungemia
d Comparison between suspected fungemia and definite fungemia
Table II: Occurrence of IFI concerning various risk factors

Table III: Age group according to gender distribution in the 
study population (n=77)

Discussion:
In critically sick patients, invasive fungal infections continue 
to cause death and life-threatening consequences despite the 
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development of novel antifungal medications. Since most 
research focuses on invasive candidiasis (candidemia and 
deep-seated tissue infections) alone, invasive fungal 
infections in critically ill non-immunosuppressed individuals 
are a less studied topic. Numerous investigations, the 
majority of which are from European nations, have reported 
incidences of candidemia ranging from 6.51 to 54 per 1,000 
patients in the literature22,23,24. A comprehensive analysis 
found that invasive aspergillosis is responsible for just 
0.3–19% of IFI in critically sick patients, but Candida spp. 
account for 80% of these infections25. An incidence of 
invasive aspergillosis was reported in two Italian studies to be 
2.3 per 1,000 admissions and 6.8 per 1,000 admissions, 
respectively23,24. According to a multi-center retrospective 
study by Meersseman et al. in Belgium, 6.9% of critically 
sick patients who did not have cancer had invasive 
aspergillosis26. Due to the uncertainty in diagnostic criteria, 
the frequency of aspergillosis may be significantly 
underreported in the majority of studies. In this study, out of 
11 cases of IFI, only one was caused by Aspergillus spp. and 
the rest by Candida spp. Candida spp. was isolated in 18.5% 
of the culture-positive cases. A similar rate of 13.5% was 
reported by  Yang, Cheng, and Lo, in 2006 in Taiwan27. As 
only one case of Aspergillus species (1.8%) was identified it 
is difficult to compare with other studies, where also isolation 
rate of mold was relatively low.  Distribution of risk factors 
among the studied patients with clinical suspicion of IFIs 
revealed a high association of IFIs with central devices, 
persistent thrombocytopenia, total parenteral nutrition, and 
higher levels of CRP. This result is consistent with a study 
where the highest percentage of the studied population had 
TPN, CV line, NG feeding, and prolonged broad-spectrum 
antibiotic27. There is a statistically significant correlation 
between the incidence of IFI and autoimmune disorders. Five 
patients (p = 0.003) out of the nine autoimmune disease 
patients admitted also had invasive candidiasis, with an odds 
ratio of 10.125 (p = 0.002). IFI was also more common in 
patients with chronic liver illness (p = 0.22) and chronic lung 
disease (p = 0.23), although this difference was not 
statistically significant. Chronic liver dysfunction was 
identified by Meersseman et al. as a significant risk factor for 
invasive aspergillosis in critically ill individuals26. In the present 
study, the highest age group was in the age of > 61 years old. 
This is consistent with the work of Meersseman et al (2004)26 
where most of the cases of invasive fungal infection tend to 
occur at high age (older than 60 years), and this can be 
attributed to the increased incidence of invasive mycoses with 
bipolarity of age in association with diminished immunity and 
body resistance. 
Conclusion: 
In critical care settings, the incidence of IFI is glaringly 
underreported. Particularly in the presence of known risk factors 
including the use of immunosuppressive medications and 
autoimmune disorders, early suspicion and careful investigation 
should be conducted. Antimicrobial stewardship and infection 
control are examples of institutional actions that are urgently 
needed.
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candidemia represent a significant burden in Bangladesh. The 
most prevalent IFI in intensive care units is invasive 
candidiasis5,6,7. Most of these cases are attributed to the 
widespread use of broad-spectrum antibiotics and the various 
devices that disturb normal skin and mucosal barriers8,9,10. In 
terms of IFIs, invasive aspergillosis is the second most 
prevalent. Invasive aspergillosis is increasingly being 
documented in intensive care units (ICUs), despite the fact 
that it is primarily observed in patients of solid organ 
transplants11 and hematopoietic stem cell transplants12. ICU 
patients are particularly vulnerable to Aspergillus infection 
due to compromised mucosal clearance and mechanical 
breathing. Spores have been linked to construction sites and 
hospital environments13,14. Other fungal infections, such as 
those brought on by Scedosporium and Mucorales, are 
comparatively uncommon in medical intensive care units and 
are typically observed in patients who have a history of 
immunosuppression15,16. The incidence and risk factors of 
fungal infections in immunosuppressed groups (transplant 
recipients, cancer patients, and HIV) are well documented, 
but there is a dearth of information on the epidemiology of 
fungal infections in critically sick patients. Therefore, 
identifying the prevalence and risk factors of invasive fungal 
infections in a medical intensive care unit was the study's 
main goal.
Materials and Methods:
This is an observational and cross-sectional study conducted 
in a tertiary care hospital in a time span of9 months, from 
December 2022 to August 2023. Peripheral venous blood 
was collected from the patients admitted to the intensive care 
unit of Bangabandhu Sheikh Mujib Medical University 
(BSMMU). Laboratory work was performed in the 
Department of Microbiology & Immunology, (BSMMU). 
Clinically suspected patients of IFIs were admitted to the 
intensive care unit of BSMMU. Inclusion criteria were 
Clinically suspected patients of IFIs with any of the following 
factors were included in this study. The factors are 
Neutropenia (<0.5x 109 neutrophils/L), Use of corticosteroid 
for a prolonged time (minimum dose of 0.3 mg/kg/day of 
prednisone equivalent, for >3 weeks) and Fever refractory to 
at least 3 days of appropriate antibiotics/fever relapsing after 
a period of defervescence of at least 48 hours while still 
receiving antibiotics. Exclusion criteria were Participants 
were not be enrolled if they- Had any bacterial/parasitic 
infections, Were on the regimen for anti-fungal 
therapy.Relevant data were collected from patients or their 
attendants or the clinical history records and investigations of 
the patients in a predesigned data collection sheet. Results 
obtained from laboratory methods were recorded in a 
separate data collection sheet. Procedures in the laboratory: 
Peripheral venous blood was collected under aseptic 
conditions using a sterile disposable syringe tagged with a 
butterfly needle after preparing the patient’s skin with, at first 
70% alcohol and hereafter with 1% tincture iodine17. A total 

of 10 ml of blood was collected and inoculated into an 
automated blood culture bottle. Blood culture and 
identification of yielding fungi: Inoculation of 10 ml of blood 
into the BD-BACTECTM Plus Aerobic/F blood culture bottle 
after disinfection of the head of the bottle with 70% alcohol18. 
Then the blood culture bottle was inserted into the 
BD-BACTECTM FX40 (Becton, Dickinson and Company, 
Sparks, MD 21152, USA) blood culture machine for 
incubation at 370 C temperature for 1-5 days according to the 
manufacturer’s instruction19.  After showing positive 
indicators on the machine; with all necessary aseptic 
precautions, isolation of microorganisms was done by 
sub-culturing a small amount of liquid media on Sabouraud 
dextrose agar (SDA) media, blood agar media, and 
MacConkey agar media and incubated at 370C for 24 hours 
aerobically, up to 4-5 days for SDA media, as the maximum 
time required for Candida and Aspergillus species to grow in 
SDA media is 4-5 days20. A smear was also made from 
growth on subculture media and Gram stain preparations 
were performed.  All the bottles and the culture media were 
discarded after 7 days according to the proper safety 
procedure21. Identification of organisms was performed using 
colony morphology, wet film, Gram staining, microscopy, 
and biochemical tests. Ethical approval: This study was 
ethically approved by the Institutional Review Board (IRB), 
BSMMU (NO. BSMMU/2022/12411) on 12/12/2022. 
Statistical analysis: Data analysis was done using the SPSS 
software package version 27 (Strata Corporation, College 
Station, Texas). The Kolmogorov-Smirnov test was used to 
check for normal data distribution. Categorical data were 
described using numbers and percentages. Continuous data 
were described using median, mean, range, and standard 
deviation. The chi-square test was used for categorical 
variables, one-way ANOVA for Gaussian data, and 
Kruskal-Walls test for non-Gaussian data to compare between 
three or more groups. 
Results:
A total of 77 critically ill patients with suspected IFI were 
enrolled during the study period; the study flow chart (Figure 
1) shows how the patients were categorized into groups. A 
total of 77 blood samples from patients with invasive fungal 
infections who were clinically suspected were used in this 
investigation. As illustrated in a pie chart in Figure 2, of the 
blood samples from 77 individuals with clinically suspected 
invasive fungal infections, 11 (14%) tested positive for 
fungus, 41 (53%) tested positive for bacteria, and 25 (33%) 
tested negative for growth. Gram-negative bacteria were 
more common than Gram-positive bacteria in the blood 
samples of 77 patients with clinically suspected invasive 
fungal infections (32/54 and 11/54, respectively). The 
organisms that were grown were Proteus spp. (2/54), 
Pseudomonas aeroginosa (3/54), coagulase-negative 
Staphylococcus [9/54], Staphylococcus aureus [3/54], 
Klebsiella spp. (14/54), and Escherichia coli (12/54). 

Additionally, 1/54 had Aspergillus spp. and 10/54 presented 
Candida spp. Both blood cultures showed mixed bacterial and 
fungal growth. Hospitalization for more than 3 weeks, the use 
of a central device, persistent thrombocytopenia, and CRP 
levels were significantly higher in the definite fungemia 
group compared to the other two groups. In contrast, 
mechanical ventilation >1 week was significantly higher in 
the definite fungemia group when compared with the no 
fungemia group only (Table I). The most frequent main 
diagnosis among these patients was pneumonia (39%), 
followed by acute febrile illness (14%), urinary tract infection 
(13%), meningoencephalitis (6%), and gastroenteritis (5%). 
The most prevalent co-morbidities among the patients that 
were recruited were diabetes (29%), chronic kidney disease 
(18%), chronic lung disease (15%), auto-immune illness 
(9%), and chronic liver disease (6%). The rate of IFI was 
unaffected by risk factors other than the existence of 
auto-immune disorders (p = 0.002, odds ratio-10.13 (95% CI: 
2.3-44)) (Table II). Table III shows the age group distribution 
according to gender in the study population. Out of 77 
patients, 6 (13.0%) were male and 1 (3.2%) were in the age 
group of 18-30 years, 6 (13.0%) were male and 3 (9.7%) 
were female in the age group of 31-40 years, 6 (13.0%) were 
male and 6 (19.3%) were female in the age group of 41-50 
years, 12 (26.0%) were male and 7 (22.6%) were female in 
the age group of 51-60 years and 16 (35.0%) were male and 
14  (45.2%) were female in the age group of ≥60 years. The 
majority of cases were from the age group of ≥60 years, 
predominantly male. The mean age for males was 
51.97±16.74 years and for females was 57.67±14.79 years.

Figure 1: Study flowchart

Figure 2: Results of automated blood culture among the study population (n=77)

Figure 3: Organisms isolated in automated blood culture
Table I: Clinical and laboratory characteristics of the studied 
groups

 *CRP- C- reactive protein
a Comparison between all groups
b Comparison between no fungemia and suspected fungemia
c Comparison between no fungemia and definite fungemia
d Comparison between suspected fungemia and definite fungemia
Table II: Occurrence of IFI concerning various risk factors

Table III: Age group according to gender distribution in the 
study population (n=77)

Discussion:
In critically sick patients, invasive fungal infections continue 
to cause death and life-threatening consequences despite the 

development of novel antifungal medications. Since most 
research focuses on invasive candidiasis (candidemia and 
deep-seated tissue infections) alone, invasive fungal 
infections in critically ill non-immunosuppressed individuals 
are a less studied topic. Numerous investigations, the 
majority of which are from European nations, have reported 
incidences of candidemia ranging from 6.51 to 54 per 1,000 
patients in the literature22,23,24. A comprehensive analysis 
found that invasive aspergillosis is responsible for just 
0.3–19% of IFI in critically sick patients, but Candida spp. 
account for 80% of these infections25. An incidence of 
invasive aspergillosis was reported in two Italian studies to be 
2.3 per 1,000 admissions and 6.8 per 1,000 admissions, 
respectively23,24. According to a multi-center retrospective 
study by Meersseman et al. in Belgium, 6.9% of critically 
sick patients who did not have cancer had invasive 
aspergillosis26. Due to the uncertainty in diagnostic criteria, 
the frequency of aspergillosis may be significantly 
underreported in the majority of studies. In this study, out of 
11 cases of IFI, only one was caused by Aspergillus spp. and 
the rest by Candida spp. Candida spp. was isolated in 18.5% 
of the culture-positive cases. A similar rate of 13.5% was 
reported by  Yang, Cheng, and Lo, in 2006 in Taiwan27. As 
only one case of Aspergillus species (1.8%) was identified it 
is difficult to compare with other studies, where also isolation 
rate of mold was relatively low.  Distribution of risk factors 
among the studied patients with clinical suspicion of IFIs 
revealed a high association of IFIs with central devices, 
persistent thrombocytopenia, total parenteral nutrition, and 
higher levels of CRP. This result is consistent with a study 
where the highest percentage of the studied population had 
TPN, CV line, NG feeding, and prolonged broad-spectrum 
antibiotic27. There is a statistically significant correlation 
between the incidence of IFI and autoimmune disorders. Five 
patients (p = 0.003) out of the nine autoimmune disease 
patients admitted also had invasive candidiasis, with an odds 
ratio of 10.125 (p = 0.002). IFI was also more common in 
patients with chronic liver illness (p = 0.22) and chronic lung 
disease (p = 0.23), although this difference was not 
statistically significant. Chronic liver dysfunction was 
identified by Meersseman et al. as a significant risk factor for 
invasive aspergillosis in critically ill individuals26. In the present 
study, the highest age group was in the age of > 61 years old. 
This is consistent with the work of Meersseman et al (2004)26 
where most of the cases of invasive fungal infection tend to 
occur at high age (older than 60 years), and this can be 
attributed to the increased incidence of invasive mycoses with 
bipolarity of age in association with diminished immunity and 
body resistance. 
Conclusion: 
In critical care settings, the incidence of IFI is glaringly 
underreported. Particularly in the presence of known risk factors 
including the use of immunosuppressive medications and 
autoimmune disorders, early suspicion and careful investigation 
should be conducted. Antimicrobial stewardship and infection 
control are examples of institutional actions that are urgently 
needed.
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candidemia represent a significant burden in Bangladesh. The 
most prevalent IFI in intensive care units is invasive 
candidiasis5,6,7. Most of these cases are attributed to the 
widespread use of broad-spectrum antibiotics and the various 
devices that disturb normal skin and mucosal barriers8,9,10. In 
terms of IFIs, invasive aspergillosis is the second most 
prevalent. Invasive aspergillosis is increasingly being 
documented in intensive care units (ICUs), despite the fact 
that it is primarily observed in patients of solid organ 
transplants11 and hematopoietic stem cell transplants12. ICU 
patients are particularly vulnerable to Aspergillus infection 
due to compromised mucosal clearance and mechanical 
breathing. Spores have been linked to construction sites and 
hospital environments13,14. Other fungal infections, such as 
those brought on by Scedosporium and Mucorales, are 
comparatively uncommon in medical intensive care units and 
are typically observed in patients who have a history of 
immunosuppression15,16. The incidence and risk factors of 
fungal infections in immunosuppressed groups (transplant 
recipients, cancer patients, and HIV) are well documented, 
but there is a dearth of information on the epidemiology of 
fungal infections in critically sick patients. Therefore, 
identifying the prevalence and risk factors of invasive fungal 
infections in a medical intensive care unit was the study's 
main goal.
Materials and Methods:
This is an observational and cross-sectional study conducted 
in a tertiary care hospital in a time span of9 months, from 
December 2022 to August 2023. Peripheral venous blood 
was collected from the patients admitted to the intensive care 
unit of Bangabandhu Sheikh Mujib Medical University 
(BSMMU). Laboratory work was performed in the 
Department of Microbiology & Immunology, (BSMMU). 
Clinically suspected patients of IFIs were admitted to the 
intensive care unit of BSMMU. Inclusion criteria were 
Clinically suspected patients of IFIs with any of the following 
factors were included in this study. The factors are 
Neutropenia (<0.5x 109 neutrophils/L), Use of corticosteroid 
for a prolonged time (minimum dose of 0.3 mg/kg/day of 
prednisone equivalent, for >3 weeks) and Fever refractory to 
at least 3 days of appropriate antibiotics/fever relapsing after 
a period of defervescence of at least 48 hours while still 
receiving antibiotics. Exclusion criteria were Participants 
were not be enrolled if they- Had any bacterial/parasitic 
infections, Were on the regimen for anti-fungal 
therapy.Relevant data were collected from patients or their 
attendants or the clinical history records and investigations of 
the patients in a predesigned data collection sheet. Results 
obtained from laboratory methods were recorded in a 
separate data collection sheet. Procedures in the laboratory: 
Peripheral venous blood was collected under aseptic 
conditions using a sterile disposable syringe tagged with a 
butterfly needle after preparing the patient’s skin with, at first 
70% alcohol and hereafter with 1% tincture iodine17. A total 

of 10 ml of blood was collected and inoculated into an 
automated blood culture bottle. Blood culture and 
identification of yielding fungi: Inoculation of 10 ml of blood 
into the BD-BACTECTM Plus Aerobic/F blood culture bottle 
after disinfection of the head of the bottle with 70% alcohol18. 
Then the blood culture bottle was inserted into the 
BD-BACTECTM FX40 (Becton, Dickinson and Company, 
Sparks, MD 21152, USA) blood culture machine for 
incubation at 370 C temperature for 1-5 days according to the 
manufacturer’s instruction19.  After showing positive 
indicators on the machine; with all necessary aseptic 
precautions, isolation of microorganisms was done by 
sub-culturing a small amount of liquid media on Sabouraud 
dextrose agar (SDA) media, blood agar media, and 
MacConkey agar media and incubated at 370C for 24 hours 
aerobically, up to 4-5 days for SDA media, as the maximum 
time required for Candida and Aspergillus species to grow in 
SDA media is 4-5 days20. A smear was also made from 
growth on subculture media and Gram stain preparations 
were performed.  All the bottles and the culture media were 
discarded after 7 days according to the proper safety 
procedure21. Identification of organisms was performed using 
colony morphology, wet film, Gram staining, microscopy, 
and biochemical tests. Ethical approval: This study was 
ethically approved by the Institutional Review Board (IRB), 
BSMMU (NO. BSMMU/2022/12411) on 12/12/2022. 
Statistical analysis: Data analysis was done using the SPSS 
software package version 27 (Strata Corporation, College 
Station, Texas). The Kolmogorov-Smirnov test was used to 
check for normal data distribution. Categorical data were 
described using numbers and percentages. Continuous data 
were described using median, mean, range, and standard 
deviation. The chi-square test was used for categorical 
variables, one-way ANOVA for Gaussian data, and 
Kruskal-Walls test for non-Gaussian data to compare between 
three or more groups. 
Results:
A total of 77 critically ill patients with suspected IFI were 
enrolled during the study period; the study flow chart (Figure 
1) shows how the patients were categorized into groups. A 
total of 77 blood samples from patients with invasive fungal 
infections who were clinically suspected were used in this 
investigation. As illustrated in a pie chart in Figure 2, of the 
blood samples from 77 individuals with clinically suspected 
invasive fungal infections, 11 (14%) tested positive for 
fungus, 41 (53%) tested positive for bacteria, and 25 (33%) 
tested negative for growth. Gram-negative bacteria were 
more common than Gram-positive bacteria in the blood 
samples of 77 patients with clinically suspected invasive 
fungal infections (32/54 and 11/54, respectively). The 
organisms that were grown were Proteus spp. (2/54), 
Pseudomonas aeroginosa (3/54), coagulase-negative 
Staphylococcus [9/54], Staphylococcus aureus [3/54], 
Klebsiella spp. (14/54), and Escherichia coli (12/54). 

Additionally, 1/54 had Aspergillus spp. and 10/54 presented 
Candida spp. Both blood cultures showed mixed bacterial and 
fungal growth. Hospitalization for more than 3 weeks, the use 
of a central device, persistent thrombocytopenia, and CRP 
levels were significantly higher in the definite fungemia 
group compared to the other two groups. In contrast, 
mechanical ventilation >1 week was significantly higher in 
the definite fungemia group when compared with the no 
fungemia group only (Table I). The most frequent main 
diagnosis among these patients was pneumonia (39%), 
followed by acute febrile illness (14%), urinary tract infection 
(13%), meningoencephalitis (6%), and gastroenteritis (5%). 
The most prevalent co-morbidities among the patients that 
were recruited were diabetes (29%), chronic kidney disease 
(18%), chronic lung disease (15%), auto-immune illness 
(9%), and chronic liver disease (6%). The rate of IFI was 
unaffected by risk factors other than the existence of 
auto-immune disorders (p = 0.002, odds ratio-10.13 (95% CI: 
2.3-44)) (Table II). Table III shows the age group distribution 
according to gender in the study population. Out of 77 
patients, 6 (13.0%) were male and 1 (3.2%) were in the age 
group of 18-30 years, 6 (13.0%) were male and 3 (9.7%) 
were female in the age group of 31-40 years, 6 (13.0%) were 
male and 6 (19.3%) were female in the age group of 41-50 
years, 12 (26.0%) were male and 7 (22.6%) were female in 
the age group of 51-60 years and 16 (35.0%) were male and 
14  (45.2%) were female in the age group of ≥60 years. The 
majority of cases were from the age group of ≥60 years, 
predominantly male. The mean age for males was 
51.97±16.74 years and for females was 57.67±14.79 years.

Figure 1: Study flowchart

Figure 2: Results of automated blood culture among the study population (n=77)

Figure 3: Organisms isolated in automated blood culture
Table I: Clinical and laboratory characteristics of the studied 
groups

 *CRP- C- reactive protein
a Comparison between all groups
b Comparison between no fungemia and suspected fungemia
c Comparison between no fungemia and definite fungemia
d Comparison between suspected fungemia and definite fungemia
Table II: Occurrence of IFI concerning various risk factors

Table III: Age group according to gender distribution in the 
study population (n=77)

Discussion:
In critically sick patients, invasive fungal infections continue 
to cause death and life-threatening consequences despite the 
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Variable

Chronic kidney disease
Chronic lung disease
Chronic lung disease
Autoimmune disease
Diabetes mellitus
Hemodialysis

Risk factor
absent (%)
15.85
12.94
13.83
10.99
15.49
16.92

Risk factor
present (%)
11.11
26.67
33.33
55.56
13.79
11.43

p-value

1.00
0.23
0.22
0.003
1.00
0.57

Hospitalization ˃3 weeks
Mechanical ventilation
Systemic antibiotic
exposure ˃72 h
Surgical intervention
Central arterial or
venous catheterization
Total parenteral nutrition
Persistent thrombocytopenia
(˂100×109/L)
*CRP (mg/L)

30    (73.2%)
36 (87.8%)
33 (80.5%)

4 (9.8%)
23 (56.1%)

34 (82.9%)
31 (75.6%)

48
(12-208)

No fungemia
n=41

Suspected 
fungemia
n=25

Definite
fungemia
n=11

pa pb pc pd

15 (60%)
22 (88%)
20 (80%)

5 (20%)
15 (60%)

20 (80%)
14 (56%)

48
(12-112)

11 (100%)
11 (100%)
9 (81.8%)

0 (0.0%)
10 (90.9%)

11 (100%)
10 (90.9%)

96
(12-210)

0.038
0.049
1

0.367
0.003

0.355
0.041

0.022

0.265
1
1

0.282
0.756

0.754
0.047

0.252

0.043
0.041
1

0.567
0.040
0.322
0.420

0.024

0.016
0.538
1

0.295
0.016

0.295
0.049

0.042

Age group

18-30 years
31-40 years
41-50 years
51-60 years
≥61 years

Mean age (Years)

Male
(n=46)

6 (13.0%)
6 (13.0%)
6 (13.0%)

12 (26.0%)
16 (35.0%)

51.97±16.74

Female
(n=31)

1 (3.2%)
3 (9.7%)

6 (19.3%)
7 (22.6%)

14 (45.2%)
57.67±14.79

development of novel antifungal medications. Since most 
research focuses on invasive candidiasis (candidemia and 
deep-seated tissue infections) alone, invasive fungal 
infections in critically ill non-immunosuppressed individuals 
are a less studied topic. Numerous investigations, the 
majority of which are from European nations, have reported 
incidences of candidemia ranging from 6.51 to 54 per 1,000 
patients in the literature22,23,24. A comprehensive analysis 
found that invasive aspergillosis is responsible for just 
0.3–19% of IFI in critically sick patients, but Candida spp. 
account for 80% of these infections25. An incidence of 
invasive aspergillosis was reported in two Italian studies to be 
2.3 per 1,000 admissions and 6.8 per 1,000 admissions, 
respectively23,24. According to a multi-center retrospective 
study by Meersseman et al. in Belgium, 6.9% of critically 
sick patients who did not have cancer had invasive 
aspergillosis26. Due to the uncertainty in diagnostic criteria, 
the frequency of aspergillosis may be significantly 
underreported in the majority of studies. In this study, out of 
11 cases of IFI, only one was caused by Aspergillus spp. and 
the rest by Candida spp. Candida spp. was isolated in 18.5% 
of the culture-positive cases. A similar rate of 13.5% was 
reported by  Yang, Cheng, and Lo, in 2006 in Taiwan27. As 
only one case of Aspergillus species (1.8%) was identified it 
is difficult to compare with other studies, where also isolation 
rate of mold was relatively low.  Distribution of risk factors 
among the studied patients with clinical suspicion of IFIs 
revealed a high association of IFIs with central devices, 
persistent thrombocytopenia, total parenteral nutrition, and 
higher levels of CRP. This result is consistent with a study 
where the highest percentage of the studied population had 
TPN, CV line, NG feeding, and prolonged broad-spectrum 
antibiotic27. There is a statistically significant correlation 
between the incidence of IFI and autoimmune disorders. Five 
patients (p = 0.003) out of the nine autoimmune disease 
patients admitted also had invasive candidiasis, with an odds 
ratio of 10.125 (p = 0.002). IFI was also more common in 
patients with chronic liver illness (p = 0.22) and chronic lung 
disease (p = 0.23), although this difference was not 
statistically significant. Chronic liver dysfunction was 
identified by Meersseman et al. as a significant risk factor for 
invasive aspergillosis in critically ill individuals26. In the present 
study, the highest age group was in the age of > 61 years old. 
This is consistent with the work of Meersseman et al (2004)26 
where most of the cases of invasive fungal infection tend to 
occur at high age (older than 60 years), and this can be 
attributed to the increased incidence of invasive mycoses with 
bipolarity of age in association with diminished immunity and 
body resistance. 
Conclusion: 
In critical care settings, the incidence of IFI is glaringly 
underreported. Particularly in the presence of known risk factors 
including the use of immunosuppressive medications and 
autoimmune disorders, early suspicion and careful investigation 
should be conducted. Antimicrobial stewardship and infection 
control are examples of institutional actions that are urgently 
needed.
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candidemia represent a significant burden in Bangladesh. The 
most prevalent IFI in intensive care units is invasive 
candidiasis5,6,7. Most of these cases are attributed to the 
widespread use of broad-spectrum antibiotics and the various 
devices that disturb normal skin and mucosal barriers8,9,10. In 
terms of IFIs, invasive aspergillosis is the second most 
prevalent. Invasive aspergillosis is increasingly being 
documented in intensive care units (ICUs), despite the fact 
that it is primarily observed in patients of solid organ 
transplants11 and hematopoietic stem cell transplants12. ICU 
patients are particularly vulnerable to Aspergillus infection 
due to compromised mucosal clearance and mechanical 
breathing. Spores have been linked to construction sites and 
hospital environments13,14. Other fungal infections, such as 
those brought on by Scedosporium and Mucorales, are 
comparatively uncommon in medical intensive care units and 
are typically observed in patients who have a history of 
immunosuppression15,16. The incidence and risk factors of 
fungal infections in immunosuppressed groups (transplant 
recipients, cancer patients, and HIV) are well documented, 
but there is a dearth of information on the epidemiology of 
fungal infections in critically sick patients. Therefore, 
identifying the prevalence and risk factors of invasive fungal 
infections in a medical intensive care unit was the study's 
main goal.
Materials and Methods:
This is an observational and cross-sectional study conducted 
in a tertiary care hospital in a time span of9 months, from 
December 2022 to August 2023. Peripheral venous blood 
was collected from the patients admitted to the intensive care 
unit of Bangabandhu Sheikh Mujib Medical University 
(BSMMU). Laboratory work was performed in the 
Department of Microbiology & Immunology, (BSMMU). 
Clinically suspected patients of IFIs were admitted to the 
intensive care unit of BSMMU. Inclusion criteria were 
Clinically suspected patients of IFIs with any of the following 
factors were included in this study. The factors are 
Neutropenia (<0.5x 109 neutrophils/L), Use of corticosteroid 
for a prolonged time (minimum dose of 0.3 mg/kg/day of 
prednisone equivalent, for >3 weeks) and Fever refractory to 
at least 3 days of appropriate antibiotics/fever relapsing after 
a period of defervescence of at least 48 hours while still 
receiving antibiotics. Exclusion criteria were Participants 
were not be enrolled if they- Had any bacterial/parasitic 
infections, Were on the regimen for anti-fungal 
therapy.Relevant data were collected from patients or their 
attendants or the clinical history records and investigations of 
the patients in a predesigned data collection sheet. Results 
obtained from laboratory methods were recorded in a 
separate data collection sheet. Procedures in the laboratory: 
Peripheral venous blood was collected under aseptic 
conditions using a sterile disposable syringe tagged with a 
butterfly needle after preparing the patient’s skin with, at first 
70% alcohol and hereafter with 1% tincture iodine17. A total 

of 10 ml of blood was collected and inoculated into an 
automated blood culture bottle. Blood culture and 
identification of yielding fungi: Inoculation of 10 ml of blood 
into the BD-BACTECTM Plus Aerobic/F blood culture bottle 
after disinfection of the head of the bottle with 70% alcohol18. 
Then the blood culture bottle was inserted into the 
BD-BACTECTM FX40 (Becton, Dickinson and Company, 
Sparks, MD 21152, USA) blood culture machine for 
incubation at 370 C temperature for 1-5 days according to the 
manufacturer’s instruction19.  After showing positive 
indicators on the machine; with all necessary aseptic 
precautions, isolation of microorganisms was done by 
sub-culturing a small amount of liquid media on Sabouraud 
dextrose agar (SDA) media, blood agar media, and 
MacConkey agar media and incubated at 370C for 24 hours 
aerobically, up to 4-5 days for SDA media, as the maximum 
time required for Candida and Aspergillus species to grow in 
SDA media is 4-5 days20. A smear was also made from 
growth on subculture media and Gram stain preparations 
were performed.  All the bottles and the culture media were 
discarded after 7 days according to the proper safety 
procedure21. Identification of organisms was performed using 
colony morphology, wet film, Gram staining, microscopy, 
and biochemical tests. Ethical approval: This study was 
ethically approved by the Institutional Review Board (IRB), 
BSMMU (NO. BSMMU/2022/12411) on 12/12/2022. 
Statistical analysis: Data analysis was done using the SPSS 
software package version 27 (Strata Corporation, College 
Station, Texas). The Kolmogorov-Smirnov test was used to 
check for normal data distribution. Categorical data were 
described using numbers and percentages. Continuous data 
were described using median, mean, range, and standard 
deviation. The chi-square test was used for categorical 
variables, one-way ANOVA for Gaussian data, and 
Kruskal-Walls test for non-Gaussian data to compare between 
three or more groups. 
Results:
A total of 77 critically ill patients with suspected IFI were 
enrolled during the study period; the study flow chart (Figure 
1) shows how the patients were categorized into groups. A 
total of 77 blood samples from patients with invasive fungal 
infections who were clinically suspected were used in this 
investigation. As illustrated in a pie chart in Figure 2, of the 
blood samples from 77 individuals with clinically suspected 
invasive fungal infections, 11 (14%) tested positive for 
fungus, 41 (53%) tested positive for bacteria, and 25 (33%) 
tested negative for growth. Gram-negative bacteria were 
more common than Gram-positive bacteria in the blood 
samples of 77 patients with clinically suspected invasive 
fungal infections (32/54 and 11/54, respectively). The 
organisms that were grown were Proteus spp. (2/54), 
Pseudomonas aeroginosa (3/54), coagulase-negative 
Staphylococcus [9/54], Staphylococcus aureus [3/54], 
Klebsiella spp. (14/54), and Escherichia coli (12/54). 

Additionally, 1/54 had Aspergillus spp. and 10/54 presented 
Candida spp. Both blood cultures showed mixed bacterial and 
fungal growth. Hospitalization for more than 3 weeks, the use 
of a central device, persistent thrombocytopenia, and CRP 
levels were significantly higher in the definite fungemia 
group compared to the other two groups. In contrast, 
mechanical ventilation >1 week was significantly higher in 
the definite fungemia group when compared with the no 
fungemia group only (Table I). The most frequent main 
diagnosis among these patients was pneumonia (39%), 
followed by acute febrile illness (14%), urinary tract infection 
(13%), meningoencephalitis (6%), and gastroenteritis (5%). 
The most prevalent co-morbidities among the patients that 
were recruited were diabetes (29%), chronic kidney disease 
(18%), chronic lung disease (15%), auto-immune illness 
(9%), and chronic liver disease (6%). The rate of IFI was 
unaffected by risk factors other than the existence of 
auto-immune disorders (p = 0.002, odds ratio-10.13 (95% CI: 
2.3-44)) (Table II). Table III shows the age group distribution 
according to gender in the study population. Out of 77 
patients, 6 (13.0%) were male and 1 (3.2%) were in the age 
group of 18-30 years, 6 (13.0%) were male and 3 (9.7%) 
were female in the age group of 31-40 years, 6 (13.0%) were 
male and 6 (19.3%) were female in the age group of 41-50 
years, 12 (26.0%) were male and 7 (22.6%) were female in 
the age group of 51-60 years and 16 (35.0%) were male and 
14  (45.2%) were female in the age group of ≥60 years. The 
majority of cases were from the age group of ≥60 years, 
predominantly male. The mean age for males was 
51.97±16.74 years and for females was 57.67±14.79 years.

Figure 1: Study flowchart

Figure 2: Results of automated blood culture among the study population (n=77)

Figure 3: Organisms isolated in automated blood culture
Table I: Clinical and laboratory characteristics of the studied 
groups

 *CRP- C- reactive protein
a Comparison between all groups
b Comparison between no fungemia and suspected fungemia
c Comparison between no fungemia and definite fungemia
d Comparison between suspected fungemia and definite fungemia
Table II: Occurrence of IFI concerning various risk factors

Table III: Age group according to gender distribution in the 
study population (n=77)

Discussion:
In critically sick patients, invasive fungal infections continue 
to cause death and life-threatening consequences despite the 

development of novel antifungal medications. Since most 
research focuses on invasive candidiasis (candidemia and 
deep-seated tissue infections) alone, invasive fungal 
infections in critically ill non-immunosuppressed individuals 
are a less studied topic. Numerous investigations, the 
majority of which are from European nations, have reported 
incidences of candidemia ranging from 6.51 to 54 per 1,000 
patients in the literature22,23,24. A comprehensive analysis 
found that invasive aspergillosis is responsible for just 
0.3–19% of IFI in critically sick patients, but Candida spp. 
account for 80% of these infections25. An incidence of 
invasive aspergillosis was reported in two Italian studies to be 
2.3 per 1,000 admissions and 6.8 per 1,000 admissions, 
respectively23,24. According to a multi-center retrospective 
study by Meersseman et al. in Belgium, 6.9% of critically 
sick patients who did not have cancer had invasive 
aspergillosis26. Due to the uncertainty in diagnostic criteria, 
the frequency of aspergillosis may be significantly 
underreported in the majority of studies. In this study, out of 
11 cases of IFI, only one was caused by Aspergillus spp. and 
the rest by Candida spp. Candida spp. was isolated in 18.5% 
of the culture-positive cases. A similar rate of 13.5% was 
reported by  Yang, Cheng, and Lo, in 2006 in Taiwan27. As 
only one case of Aspergillus species (1.8%) was identified it 
is difficult to compare with other studies, where also isolation 
rate of mold was relatively low.  Distribution of risk factors 
among the studied patients with clinical suspicion of IFIs 
revealed a high association of IFIs with central devices, 
persistent thrombocytopenia, total parenteral nutrition, and 
higher levels of CRP. This result is consistent with a study 
where the highest percentage of the studied population had 
TPN, CV line, NG feeding, and prolonged broad-spectrum 
antibiotic27. There is a statistically significant correlation 
between the incidence of IFI and autoimmune disorders. Five 
patients (p = 0.003) out of the nine autoimmune disease 
patients admitted also had invasive candidiasis, with an odds 
ratio of 10.125 (p = 0.002). IFI was also more common in 
patients with chronic liver illness (p = 0.22) and chronic lung 
disease (p = 0.23), although this difference was not 
statistically significant. Chronic liver dysfunction was 
identified by Meersseman et al. as a significant risk factor for 
invasive aspergillosis in critically ill individuals26. In the present 
study, the highest age group was in the age of > 61 years old. 
This is consistent with the work of Meersseman et al (2004)26 
where most of the cases of invasive fungal infection tend to 
occur at high age (older than 60 years), and this can be 
attributed to the increased incidence of invasive mycoses with 
bipolarity of age in association with diminished immunity and 
body resistance. 
Conclusion: 
In critical care settings, the incidence of IFI is glaringly 
underreported. Particularly in the presence of known risk factors 
including the use of immunosuppressive medications and 
autoimmune disorders, early suspicion and careful investigation 
should be conducted. Antimicrobial stewardship and infection 
control are examples of institutional actions that are urgently 
needed.

Conflict of Interest: None. 
Acknowledgment: 
We thank all the individuals who helped us to complete the 
study.

References:
1. Bongomin F, Gago S, Oladele R, Denning D. Global and 
Multi-National Prevalence of Fungal Diseases-Estimate 
Precision. Journal of fungi. 2017; 3 : 57.
https://doi.org/10.3390/jof3040057
PMid:29371573 PMCid:PMC5753159
2. Li Y, Gao Y, Niu X, Wu Y, Du Y, Yang Y, et al. A 5-Year 
Review of Invasive Fungal Infection at an Academic Medical 
Center. Frontiers in Cellular and Infection Microbiology. 
2020;10: 1-10.
https://doi.org/10.3389/fcimb.2020.553648
PMid:33194796 PMCid:PMC7642834
3. Gugnani HC, Denning DW, Rahim R, Sadat A, Belal M, 
Mahbub MS. Burden of serious fungal infections in Bangladesh. 
European Journal of Clinical Microbiology & Infectious 
Diseases: Official Publication of the European Society of Clinical 
Microbiology. 36 (2017): 993-997.
https://doi.org/10.1007/s10096-017-2921-z
PMid:28161744
4. Alam DS, Chowdhury MA, Siddiquee AT, Ahmed S, 
Clemens JD. Prevalence and determinants of chronic obstructive 
pulmonary disease (COPD) in Bangladesh. HHS Public 
Access.12 (2015): 658-667.
5. 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 hospital in Italy. PLoS One. 2011; 6:e24198.
https://doi.org/10.1371/journal.pone.0024198
PMid:21935385 PMCid:PMC3174155
6. Horn DL, Neofytos D, Anaissie EJ, Fishman JA, Steinbach 
WJ, Olyaei AJ, et al. Epidemiology and outcomes of candidemia 
in 2019 patients: Data from the prospective antifungal therapy 
alliance registry. Clin Infect Dis. 2009; 48:1695-1703.
https://doi.org/10.1086/599039
PMid:19441981
7. 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 
propensity analysis. Clin Infect Dis. 2005; 41:1232-1239.
https://doi.org/10.1086/496922
PMid:16206095
8. Méan M, Marchetti O, Calandra T. Bench-to-bedside review: 
Candida infections in the intensive care unit. Crit Care. 2008; 
12:204.
https://doi.org/10.1186/cc6212
PMid:18279532 PMCid:PMC2374590
9. Marchetti O, Bille J, Fluckiger U, Eggimann P, Ruef C, 

Garbino J, et al. Fungal Infection Network of Switzerland. 
Epidemiology of candidemia in Swiss tertiary care hospitals: 
Secular trends, 1991-2000. Clin Infect Dis. 2004; 38:311-320.
https://doi.org/10.1086/380637
PMid:14727199
10. Richards MJ, Edwards JR, Culver DH, Gaynes RP. 
Nosocomial infections in combined medical-surgical intensive 
care units in the United States. Infect Control Hosp Epidemiol. 
2000; 21:510-515.
https://doi.org/10.1086/501795
PMid:10968716
11. Kontoyiannis DP, Marr KA, Park BJ, et al. Prospective 
surveillance for invasive fungal infections in hematopoietic stem 
cell transplant recipients, 2001 2006: Overview of the 
Transplant-Associated Infection Surveillance Network 
(TRANSNET) Database. Clin Infect Dis. 2010; 50:1091-1100.
https://doi.org/10.1086/651263
PMid:20218877
12. Pappas PG, Alexander BD, Andes DR, et al. Invasive fungal 
infections among organ transplant recipients: Results of the 
Transplant-Associated Infection Surveillance Network 
(TRANSNET). Clin Infect Dis. 2010; 50:1101-1111.
https://doi.org/10.1086/651262
PMid:20218876
13. Haiduven D. Nosocomial aspergillosis and building 
construction. Med Mycol. 2009; 47 (Suppl 1): S210-216.
https://doi.org/10.1080/13693780802247694
PMid:18654924
14. Vonberg RP, Gastmeier P. Nosocomial aspergillosis in 
outbreak settings. J Hosp Infect. 2006; 63:246-254.
https://doi.org/10.1016/j.jhin.2006.02.014
PMid:16713019
15. Bitar D, Lortholary O, Le Strat Y, Nicolau J, Coignard B, 
Tattevin P, et al. Population-based analysis of invasive fungal 
infections, France, 2001-2010. Emerg Infect Dis. 2014; 
20:1149-1155.
https://doi.org/10.3201/eid2007.140087
PMid:24960557 PMCid:PMC4073874
16. Perlroth J, Choi B, Spellberg B. Nosocomial fungal 
infections: Epidemiology, diagnosis, and treatment. Med Mycol. 
2007; 45:321-346.
https://doi.org/10.1080/13693780701218689
PMid:17510856
17. Little JR, Murray PR, Traynor PS, Spitznagel E. A 
randomized trial of povidone-iodine compared with iodine 
tincture for venipuncture site disinfection: Effects on rates of 
blood culture contamination. American Journal of Medicine. 
1999; 107:119-125.
https://doi.org/10.1016/S0002-9343(99)00197-7
PMid:10460041
18. Doern G V., Carroll KC, Diekema DJ, Garey KW, Rupp 

ME, Weinstein MP, et al. A comprehensive update on the 
problem of blood culture contamination and a discussion of 
methods for addressing the problem. Clinical Microbiology 
Reviews. 2020; 33:1-21.
https://doi.org/10.1128/CMR.00009-19
PMid:31666280 PMCid:PMC6822992
19. Becton D and C. BACTEC TM FX40 Instrument User's 
Manual. 8090414 ;2021.
20. Chander J. Textbook of medical mycology. 4th ed. Chander 
J, editor. New Delhi: Jaypee Brothers Medical Publishers (P) 
Ltd.; 2018.
21. Madhavan P, Jamal F, Chong PP. Laboratory isolation and 
identification of Candida species. Journal of Applied Science. 
2011; 11 : 2870-2877.
https://doi.org/10.3923/jas.2011.2870.2877
22. Montagna MT, Caggiano G, Lovero G, De Giglio O, Coretti 
C, Cuna T, et al. Epidemiology of invasive fungal infections in 
the intensive care unit: Results of a multicenter Italian survey 
(AURORA Project). Infection. 2013; 41:645-653.
https://doi.org/10.1007/s15010-013-0432-0
PMid:23463186 PMCid:PMC3671106
23. Tortorano AM, Dho G, Prigitano A, et al. Invasive fungal 
infections in the intensive care unit: A multicentre, prospective, 
observational study in Italy (2006-2008). Mycoses. 2012; 
55:73-79.
https://doi.org/10.1111/j.1439-0507.2011.02044.x
PMid:21668521
24. Chakrabarti A, Sood P, Rudramurthy SM, et al. Incidence, 
characteristics, and outcome of ICU-acquired candidemia in 
India. Intensive Care Med. 2015; 41:285 295.
https://doi.org/10.1007/s00134-014-3603-2
PMid:25510301
25. Bassetti M, Garnacho-Montero J, Calandra T, Kullberg B, 
Dimopoulos G, Azoulay E, Chakrabarti A, Kett D, Leon C, 
Ostrosky-Zeichner L, Sanguinetti M, Timsit JF, Richardson MD, 
Shorr A, Cornely OA. Intensive care medicine research agenda 
on invasive fungal infection in critically ill patients. Intensive 
Care Med. 2017; 43:1225-1238.
https://doi.org/10.1007/s00134-017-4731-2
PMid:28255613
26. Meersseman W, Vandecasteele SJ, Wilmer A, Verbeken E, 
Peetermans WE, Van Wijngaerden E. Invasive aspergillosis in 
critically ill patients without malignancy. Am J Respir Crit Care 
Med. 2004; 170:621-625.
https://doi.org/10.1164/rccm.200401-093OC
PMid:15229094
27. Yang YL, Cheng HH, Lo HJ. Distribution and antifungal 
susceptibility of Candida species isolated from different age 
populations in Taiwan. Medical Mycology. 2006; 44 : 237-242.
https://doi.org/10.1080/13693780500401213
PMid:16702103



Invasive Fungal Infections in Critically Ill Patients             Akhtar, et al.

candidemia represent a significant burden in Bangladesh. The 
most prevalent IFI in intensive care units is invasive 
candidiasis5,6,7. Most of these cases are attributed to the 
widespread use of broad-spectrum antibiotics and the various 
devices that disturb normal skin and mucosal barriers8,9,10. In 
terms of IFIs, invasive aspergillosis is the second most 
prevalent. Invasive aspergillosis is increasingly being 
documented in intensive care units (ICUs), despite the fact 
that it is primarily observed in patients of solid organ 
transplants11 and hematopoietic stem cell transplants12. ICU 
patients are particularly vulnerable to Aspergillus infection 
due to compromised mucosal clearance and mechanical 
breathing. Spores have been linked to construction sites and 
hospital environments13,14. Other fungal infections, such as 
those brought on by Scedosporium and Mucorales, are 
comparatively uncommon in medical intensive care units and 
are typically observed in patients who have a history of 
immunosuppression15,16. The incidence and risk factors of 
fungal infections in immunosuppressed groups (transplant 
recipients, cancer patients, and HIV) are well documented, 
but there is a dearth of information on the epidemiology of 
fungal infections in critically sick patients. Therefore, 
identifying the prevalence and risk factors of invasive fungal 
infections in a medical intensive care unit was the study's 
main goal.
Materials and Methods:
This is an observational and cross-sectional study conducted 
in a tertiary care hospital in a time span of9 months, from 
December 2022 to August 2023. Peripheral venous blood 
was collected from the patients admitted to the intensive care 
unit of Bangabandhu Sheikh Mujib Medical University 
(BSMMU). Laboratory work was performed in the 
Department of Microbiology & Immunology, (BSMMU). 
Clinically suspected patients of IFIs were admitted to the 
intensive care unit of BSMMU. Inclusion criteria were 
Clinically suspected patients of IFIs with any of the following 
factors were included in this study. The factors are 
Neutropenia (<0.5x 109 neutrophils/L), Use of corticosteroid 
for a prolonged time (minimum dose of 0.3 mg/kg/day of 
prednisone equivalent, for >3 weeks) and Fever refractory to 
at least 3 days of appropriate antibiotics/fever relapsing after 
a period of defervescence of at least 48 hours while still 
receiving antibiotics. Exclusion criteria were Participants 
were not be enrolled if they- Had any bacterial/parasitic 
infections, Were on the regimen for anti-fungal 
therapy.Relevant data were collected from patients or their 
attendants or the clinical history records and investigations of 
the patients in a predesigned data collection sheet. Results 
obtained from laboratory methods were recorded in a 
separate data collection sheet. Procedures in the laboratory: 
Peripheral venous blood was collected under aseptic 
conditions using a sterile disposable syringe tagged with a 
butterfly needle after preparing the patient’s skin with, at first 
70% alcohol and hereafter with 1% tincture iodine17. A total 

of 10 ml of blood was collected and inoculated into an 
automated blood culture bottle. Blood culture and 
identification of yielding fungi: Inoculation of 10 ml of blood 
into the BD-BACTECTM Plus Aerobic/F blood culture bottle 
after disinfection of the head of the bottle with 70% alcohol18. 
Then the blood culture bottle was inserted into the 
BD-BACTECTM FX40 (Becton, Dickinson and Company, 
Sparks, MD 21152, USA) blood culture machine for 
incubation at 370 C temperature for 1-5 days according to the 
manufacturer’s instruction19.  After showing positive 
indicators on the machine; with all necessary aseptic 
precautions, isolation of microorganisms was done by 
sub-culturing a small amount of liquid media on Sabouraud 
dextrose agar (SDA) media, blood agar media, and 
MacConkey agar media and incubated at 370C for 24 hours 
aerobically, up to 4-5 days for SDA media, as the maximum 
time required for Candida and Aspergillus species to grow in 
SDA media is 4-5 days20. A smear was also made from 
growth on subculture media and Gram stain preparations 
were performed.  All the bottles and the culture media were 
discarded after 7 days according to the proper safety 
procedure21. Identification of organisms was performed using 
colony morphology, wet film, Gram staining, microscopy, 
and biochemical tests. Ethical approval: This study was 
ethically approved by the Institutional Review Board (IRB), 
BSMMU (NO. BSMMU/2022/12411) on 12/12/2022. 
Statistical analysis: Data analysis was done using the SPSS 
software package version 27 (Strata Corporation, College 
Station, Texas). The Kolmogorov-Smirnov test was used to 
check for normal data distribution. Categorical data were 
described using numbers and percentages. Continuous data 
were described using median, mean, range, and standard 
deviation. The chi-square test was used for categorical 
variables, one-way ANOVA for Gaussian data, and 
Kruskal-Walls test for non-Gaussian data to compare between 
three or more groups. 
Results:
A total of 77 critically ill patients with suspected IFI were 
enrolled during the study period; the study flow chart (Figure 
1) shows how the patients were categorized into groups. A 
total of 77 blood samples from patients with invasive fungal 
infections who were clinically suspected were used in this 
investigation. As illustrated in a pie chart in Figure 2, of the 
blood samples from 77 individuals with clinically suspected 
invasive fungal infections, 11 (14%) tested positive for 
fungus, 41 (53%) tested positive for bacteria, and 25 (33%) 
tested negative for growth. Gram-negative bacteria were 
more common than Gram-positive bacteria in the blood 
samples of 77 patients with clinically suspected invasive 
fungal infections (32/54 and 11/54, respectively). The 
organisms that were grown were Proteus spp. (2/54), 
Pseudomonas aeroginosa (3/54), coagulase-negative 
Staphylococcus [9/54], Staphylococcus aureus [3/54], 
Klebsiella spp. (14/54), and Escherichia coli (12/54). 

Additionally, 1/54 had Aspergillus spp. and 10/54 presented 
Candida spp. Both blood cultures showed mixed bacterial and 
fungal growth. Hospitalization for more than 3 weeks, the use 
of a central device, persistent thrombocytopenia, and CRP 
levels were significantly higher in the definite fungemia 
group compared to the other two groups. In contrast, 
mechanical ventilation >1 week was significantly higher in 
the definite fungemia group when compared with the no 
fungemia group only (Table I). The most frequent main 
diagnosis among these patients was pneumonia (39%), 
followed by acute febrile illness (14%), urinary tract infection 
(13%), meningoencephalitis (6%), and gastroenteritis (5%). 
The most prevalent co-morbidities among the patients that 
were recruited were diabetes (29%), chronic kidney disease 
(18%), chronic lung disease (15%), auto-immune illness 
(9%), and chronic liver disease (6%). The rate of IFI was 
unaffected by risk factors other than the existence of 
auto-immune disorders (p = 0.002, odds ratio-10.13 (95% CI: 
2.3-44)) (Table II). Table III shows the age group distribution 
according to gender in the study population. Out of 77 
patients, 6 (13.0%) were male and 1 (3.2%) were in the age 
group of 18-30 years, 6 (13.0%) were male and 3 (9.7%) 
were female in the age group of 31-40 years, 6 (13.0%) were 
male and 6 (19.3%) were female in the age group of 41-50 
years, 12 (26.0%) were male and 7 (22.6%) were female in 
the age group of 51-60 years and 16 (35.0%) were male and 
14  (45.2%) were female in the age group of ≥60 years. The 
majority of cases were from the age group of ≥60 years, 
predominantly male. The mean age for males was 
51.97±16.74 years and for females was 57.67±14.79 years.

Figure 1: Study flowchart

Figure 2: Results of automated blood culture among the study population (n=77)

Figure 3: Organisms isolated in automated blood culture
Table I: Clinical and laboratory characteristics of the studied 
groups

 *CRP- C- reactive protein
a Comparison between all groups
b Comparison between no fungemia and suspected fungemia
c Comparison between no fungemia and definite fungemia
d Comparison between suspected fungemia and definite fungemia
Table II: Occurrence of IFI concerning various risk factors

Table III: Age group according to gender distribution in the 
study population (n=77)

Discussion:
In critically sick patients, invasive fungal infections continue 
to cause death and life-threatening consequences despite the 
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development of novel antifungal medications. Since most 
research focuses on invasive candidiasis (candidemia and 
deep-seated tissue infections) alone, invasive fungal 
infections in critically ill non-immunosuppressed individuals 
are a less studied topic. Numerous investigations, the 
majority of which are from European nations, have reported 
incidences of candidemia ranging from 6.51 to 54 per 1,000 
patients in the literature22,23,24. A comprehensive analysis 
found that invasive aspergillosis is responsible for just 
0.3–19% of IFI in critically sick patients, but Candida spp. 
account for 80% of these infections25. An incidence of 
invasive aspergillosis was reported in two Italian studies to be 
2.3 per 1,000 admissions and 6.8 per 1,000 admissions, 
respectively23,24. According to a multi-center retrospective 
study by Meersseman et al. in Belgium, 6.9% of critically 
sick patients who did not have cancer had invasive 
aspergillosis26. Due to the uncertainty in diagnostic criteria, 
the frequency of aspergillosis may be significantly 
underreported in the majority of studies. In this study, out of 
11 cases of IFI, only one was caused by Aspergillus spp. and 
the rest by Candida spp. Candida spp. was isolated in 18.5% 
of the culture-positive cases. A similar rate of 13.5% was 
reported by  Yang, Cheng, and Lo, in 2006 in Taiwan27. As 
only one case of Aspergillus species (1.8%) was identified it 
is difficult to compare with other studies, where also isolation 
rate of mold was relatively low.  Distribution of risk factors 
among the studied patients with clinical suspicion of IFIs 
revealed a high association of IFIs with central devices, 
persistent thrombocytopenia, total parenteral nutrition, and 
higher levels of CRP. This result is consistent with a study 
where the highest percentage of the studied population had 
TPN, CV line, NG feeding, and prolonged broad-spectrum 
antibiotic27. There is a statistically significant correlation 
between the incidence of IFI and autoimmune disorders. Five 
patients (p = 0.003) out of the nine autoimmune disease 
patients admitted also had invasive candidiasis, with an odds 
ratio of 10.125 (p = 0.002). IFI was also more common in 
patients with chronic liver illness (p = 0.22) and chronic lung 
disease (p = 0.23), although this difference was not 
statistically significant. Chronic liver dysfunction was 
identified by Meersseman et al. as a significant risk factor for 
invasive aspergillosis in critically ill individuals26. In the present 
study, the highest age group was in the age of > 61 years old. 
This is consistent with the work of Meersseman et al (2004)26 
where most of the cases of invasive fungal infection tend to 
occur at high age (older than 60 years), and this can be 
attributed to the increased incidence of invasive mycoses with 
bipolarity of age in association with diminished immunity and 
body resistance. 
Conclusion: 
In critical care settings, the incidence of IFI is glaringly 
underreported. Particularly in the presence of known risk factors 
including the use of immunosuppressive medications and 
autoimmune disorders, early suspicion and careful investigation 
should be conducted. Antimicrobial stewardship and infection 
control are examples of institutional actions that are urgently 
needed.
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