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Abstract
Bloodstream infections (BSI) belong to the most detrimental healthcare associated infections (HAI) 
that have an impact on the treatment result of patients hospitalised to intensive care units. Recently 
incidence of nosocomial fungal BSI is drastically increased in ICU patients. Although Candida BSI are 
well studied, there is an acute lack of data relevant to other fungi from underdeveloped countries. The 
present study aimed to evaluate the fungal bloodstream infection (BSI) in patients admitted to an ICU 
at a tertiary care teaching hospital. A conventional mycological methodology was used to identify the 
fungal infections isolated from BSI to the species level, and their antifungal susceptibility profile was 
examined. Risk factors pertaining to fungal BSI were analyzed. The rate of nosocomial BSI was 1.2%. The 
rate of central line associated blood stream infection (CLABSI)/1000 central line days was 3.9. The rate 
of fungal BSI was 5.6%. Contributing factors are gender (Male), advancing age, increased hospital stays, 
and central venous catheterization were significantly associated with the development of nosocomial 
BSI. Candida spp. was the predominant pathogen. Fluconazole resistance was observed. resistant to 
fluconazole was found in 61.5% of Candida isolates. Fungal pathogens have emerged as important 
cause of nosocomial BSI. From this study, it can be concluded that Hitherto, fungal isolates, once rarely 
encountered like Non-albicans Candida spp., Trichosporon spp. are now common in invasive mycosis. 
These pathogens often demonstrate less susceptibility to antifungal drugs, hence are associated with 
poor/no response to therapy and therefore may present as mayhem to patients. Finally, this emerging 
mayhem necessitates the importance of being vigilant about predisposing factors, strict implementation 
of infection prevention and control and initiation of antifungal stewardship program. 
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INTRODUCTION

 In recent years, healthcare-associated 
infections (HAI) have become a significant concern 
to the safety of individuals admitted to hospitals, 
particularly in critical care units. HAIs are infections 
that happen when a patient is in the hospital 
but are not present or incubating at the time of 
admission, according to the definition provided 
by the Centres for Disease Control and Prevention 
(CDC) National Healthcare Safety Network. 
Usually, these infections start 48 to 72 hours after 
admission and manifest within 10 days following 
discharge from the hospital.1 
 As per literature, hundreds of millions of 
patients worldwide are affected by HAI per annum. 
HAI affects 5-15% of hospitalised patients and can 
result in problems for 25-50% of patients treated to 
intensive care units (ICUs) in developed countries.2 
In addition to high mortality and morbidity rates, 
HAI have several implications including increased 
hospitalization and incremental economic burden.3 
 Blood stream infections (BSI) is among the 
most deleterious HAI has affects the therapeutic 
outcome of the patients admitted to ICUs. The 
risk factors for nosocomial BSI includes, advanced 
age, underlying disorders, a history of trauma, 
associated healthcare, antibiotic therapy and 
prolonged immobility. 
 Fungal HAI is less anticipated by clinicians 
when compared to bacterial HAI. Though fungi 
are emerging causes of HAI. On recent time, the 
incidence of nosocomial fungal BSI is drastically 
increased in ICU patients and widespread use of 
immunosuppressive medicines, glucocorticoids, 
invasive surgeries, and broad-spectrum antibiotics 
is to blame for this.4,5 
 Studies from developed countries 
have documented Candida spp., Aspergillus 
spp., Fusarium, Mucorales and Saccharomyces 
cerevisiae as important fungal isolates from 
nosocomial BSI in ICU setup.6-8 Data regarding 
other fungus from developing nations are 
extremely scarce, despite the fact that Candida BSI 
are well researched. In this tertiary care teaching 
hospital, the goal of the study was to investigate 
fungal bloodstream infections (BSI) in patients 
receiving ICU care.

MATERIALS AND METHODS 
 The current descriptive cross-sectional 
research was carried out across three years 
(2019-2022) at the Microbiology Department, 
Government Medical College and Hospital, Kota, 
Rajasthan. The protocol for the research was 
approved by the institutional ethics committee. 
Inclusion criteria include all hospitalized  
patients suspected of having fungal and bacterial 
nosocomial infections. Exclusion criteria include 
those who declined to provide consent, those in 
the Outpatient Department, and those admitted 
for less than 48 hours. The study comprised 
patients who had been hospitalized to intensive 
care units (MICU or SICU) for more than 48 hours. 
Using structured format, clinical and demographic 
data were gathered. 
 The National Nosocomial Infections 
monitoring (NNIS) system standards established 
by the CDC were used for catheter-related blood 
stream infections (CR-BSI) monitoring.9 A CR-BSI 
was suspected when a patient with a central 
venous catheter (CVC) in place for more than two 
consecutive calendar days developed fever or 
other unclear sepsis-related symptoms.9

 From these patients, paired blood 
samples were aseptically collected for culture. 
The catheter supplied the first blood sample, 
which was followed by the second from the 
opposite arm. The time of CVC removal was used 
to collect blood culture specimens. The critical 
care physician removed the CVC while following all 
aseptic protocols. Using sterile scissors, the distal 
2 cm segment of the CVC was collected in a sterile 
container.
 The inoculated blood culture bottles and 
CVC tip arrived at the microbiology lab right away. 
Blood culture and CVC tip samples were processed 
using the usual microbiological methods.10 The  
CR-BSI rate was calculated by dividing the number 
of CR-BSI by 1000 device days. 
 Using a standard mycological protocol, 
fungal pathogens isolated from BSI were identified 
to species levels. Eight Candida isolates were 
classified using the germ tube test, colony shape, 
colour on chromogenic medium, and sugar 
assimilation test. We identified filamentous 
fungi using slide culture, lactophenol cotton 
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blue (LPCB), and a cellophane tape mount.11,12 
The antifungal susceptibility profile of fungal 
pathogens was studied using the disc diffusion 
method for Candida and the clinical and laboratory 
standard institute’s (CLSI) microbroth dilution 
technique for filamentous fungi.13,14 Candida spp. 
susceptibility to echinocandin was studied using the  
Epsilometer strip method.15

RESULTS 

 During the study period, intensive care 
units received a total of 68824 patients. ICU wise 
patient distribution is seen in Table 1. 
 Among various critical care areas, MICU 
(41.3%) followed by SICU (20.9%) and PICU (14.8%) 
had maximum admission. NICU had admission 
of 889 (1.3%) neonates. The mean length of stay 
(LOS) in ICU patients was 18.9 ± 10.5 days. Among 
various ICUs, LOS was significantly high in patients 
admitted to burn ICUs (T test, P value < 0.05*).

 A total of 59,829 (87.1%) had indwelling 
medical devices (IMD). The use of IMD were 
significantly high in patients admitted to MICU 
as compared to other ICUs (Z test, P value < 
0.00001*). Urinary catheter was the most common 
IMD.
 A total of 3441 (5.1%) patients out of  
68824 admitted to critical care areas developed 
HAI. The ICU wise rate of HAI is shown in Table 2. 
The rate of HAI in MICU was significantly high as 
compared to other ICUs (Z test, P < 0.05*).
 A total of 823 developed nosocomial 
BSI. Therefore, the rate of nosocomial BSI was 
1.2%. Out of these, 798 (97%) cases were of 
CRBSI whereas 25 (3%) were Non-CRBSI (Table 3). 
The rate of CRBSI (term used for the purpose of 
clinical diagnosis and therapy) was 5.5%. As per the 
surveillance formula, The blood stream infection 
rate (CLABSI) linked with central lines per 1000 
central line days was 3.9.
 In all, 46 fungal pathogens were identified 
from 823 nosocomial BSI patients. Therefore, the 
fungal BSI rate was 5.6%. Of 46 fungal pathogens 
from cases of hospital acquired BSI, 41 (88.1%) 
were from CRBSI/CLABSI cases whereas 05 (10.9%) 
were from Non-CRBSI/CLABSI cases.
 From 46 cases of nosocomial BSI, 39 
(84.7%) isolates were of Candida spp., 06 (13.1%) 
were Trichosporon spp. whereas Aspergillus 
niger was isolated from 1 (2.2%) case of hospital 
acquired BSI. Isolation of Candida spp. from 
nosocomial fungal BSI was significantly high as 
compared to other fungal pathogens (Chi square 

Table 1. ICU wise distribution of patients

ICU Frequency (%)

Medical Intensive Care Unit (MICU) 28722 (41.8)
Surgical Intensive Care Unit (SICU) 14371 (20.9)
Pediatric Intensive Care Unit (PICU) 10171 (14.8)
Neurological Intensive Care Unit 7807 (11.4)
Neonatal Intensive Care Unit (NICU) 6864 (9.9)
Burn’s ICU 889 (1.3)
Total 68824

Figure. Candida isolates from cases of nosocomial BSI
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test <0.00001*). As shown in the Figure, C. 
tropicalis was predominant cause of nosocomial 
candidemia. 
 When risk factors were analyzed using Chi 
square test male gender, advanced age, increased 
hospital stay and central venous catheterization 
were significantly associated with development of 
for nosocomial BSI (P value < 0.05*). Fluconazole 
prophylaxis/treatment was significantly high in 
patients with Non-albicans Candida (NAC) spp. BSI 
(Chi square test, P value < 0.00001**). 
 In Candida spp., fluconazole resistance 
was observed in 61.5% (n = 24), itraconazole 
resistance was seen in 25.6% (n = 10) whereas 
voriconazole and amphotericin B resistance was 
observed in 5 (12.8%) isolates. NAC spp. had 
substantially higher fluconazole resistance than 
 C. albicans (Z test, P value < 0.05*). Among various 
Candida spp., C. parapsilosis demonstrated had 
high minimum inhibitory concentration to all 
three echinocandins (caspofungin, micafungin 
and anidulafungin). Aspergillus spp. demonstrated 
high MIC to amphotericin B compared to azoles. 

DISCUSSION

 HAI has several deleterious effects on 
patients and takes its tool in the form of increased 
morbidity, mortality, health care cost and LOS.16 

once neglected in developing countries, incidence 
of HAI is now being published by various Indian 
researchers. Although many researchers have 
casted light on HAI in developing countries, the 
exact prevalence of HAI is still largely unknown 
mostly due to lack of National Surveillance System 

and multi-centric studies.16 In India very few Indian 
hospitals conduct regular HAI surveillance.
 In developing countries like India, 
multitude of factors including resource poor 
infrastructure, poor hygiene, low patient to health 
care worker ratio, overcrowding and injudicious/
irrational use of antimicrobials and IMD contribute 
both to development HAI and death due to 
HAI.17 Although compared to wards less number 
of patients is admitted to critical care areas, 
the incidence of HAI is more. As per available 
literature, incidence of HAI in ICU is 5-10 times 
more than general wards.18,19 
 In this research, the frequency of HAI 
in ICU patients was 5.1%. the rate of HAI was 
significantly high in patients admitted to MICU 
compared to other critical care areas. Similar 
observation was noted by Al-Tawfiq et al., where 
rate of HAI was high in patients admitted to 
MICU in comparison to other critical care areas 
like CCU and SICU.20 In their study, high rates of 
HAI in MICU as compared to other critical care 
areas was attributed to certain factors like high 
usage of medical devices and varied patient 
characteristics.20 Similar findings were noted in 
the current investigations. 
 In this research, the frequency of 
nosocomial BSI in ICU patients was 1.2%  
(n = 823). Nosocomial BSI is a serious and 
devastating infection reported across the world.21 
ICU Patients are at a greater risk of hospital-
acquired BSIs than those admitted to other kinds of 
units.22 Its incidence is reported to range between 
1.3-18.4 episodes/1000 hospital admissions and is 
highly dependent varying with the type of study 
population, the number of admissions and location 
of the ward/critical care area, and LOS of patient 
in the hospital.23 The rate of mortality of hospital-
acquired BSI varies markedly and is reported to 
range between 12% to 80%.24

Table 2. ICU wise rate of HAI

ICU Patients Patients 
 admitted  developing 
  HAI (%)

MICU 28722 2198 (7.6)
SICU 14371 642 (4.4)
PICU 10171 111 (1.1)
Neurological 7807 83 (1.1)
Intensive Care Unit
NICU 6864 346 (5.1)
Burn ICU 889 61 (6.9)
Total 68824 3441 (5)

Table 3. Blood stream infections caused by bacteria 
and fungi

   CRBSI      Non-CRBSI  Total

Bacterial Fungal Bacterial Fungal
infection isolates infection Pathogens

757 41 20 05 823
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 97% of cases of nosocomial BSI were 
attributed to presence of central line (CRBSI/
CLABSI). As per recent studies, the rate of CRBSI 
varies between 3% to 20% and is depended on 
type of study population.25 Numerous researchers, 
both domestically and internationally, have 
emphasised the significance of prompt diagnosis 
and treatment in lowering the morbidity and 
mortality rate related to CRBSI.
 Health care providers should be taught 
and trained in the use of antiseptics containing 0.5% 
chlorhexidine and alcohol for skin preparation, 
avoid routinely replacing central venous catheters 
(CVCs) as a preventive measure, and use short-
term CVCs that are antibiotic- and antiseptic-
impregnated, as well as sponge dressings that are 
impregnated with chlorhexidine. These guidelines 
are crucial in preventing CRBSI.26

 Over the last several decades, there has 
been a noticeable rise in both the incidence and 
severity of HAI caused by fungi. Most fungal HAI 
are due to AspergilIus spp. and Candida spp.27 

These two fungal species accounts to majority 
of disseminated and life-threatening fungal 
infections. Research studies from various parts of 
the world have highlighted increased frequency of 
Candida infections. In the USA, Candida is the 4th 
leading cause of hospital acquired BSI.28 Candida 
is the number three leading cause of BSI in the 
ICU patients. Similarly, it is the 3rd among leading 
causes of CRBSI.28 From European countries, 
Candida spp. is reported as the 6th to 10th cause 
of HAI BSI.28 In consistent to findings of other 
authors, Candida spp. was the predominant cause 
of nosocomial BSI in this study. 
 Historically, C. albicans has been regarded 
as the most harmful member of the genus since 
it causes the bulk of infections.29 However, 
recent study have indicated emergence of NAC 
spp. as the prevalent of infections including 
HAI. Similar observation was noted in this study. 
The emergence of NAC spp. poses a clinical 
threat because, these NAC are intrinsically less 
susceptible/respond poorly or develop resistance 
during therapy with single or multiple classes of 
antifungal drugs.30 Among NAC spp., C. tropicalis 
was found to be significantly associated with HAI 
compared to other species Similar finding was 
noted in other Indian studies.31 According to Indian 

epidemiology, NAC spp. may be involved in 67-90% 
of Candida BSI infections.32

 Six hospital-acquired BSI patients had 
Trichosporon spp. isolated from them. More 
and more reports of it are coming from all 
over the world, including India. In the study 
of Trichosporon spp. were reported from both 
immunocompetent and immunocompromised 
hospitalized patients.33 Trichosporon  has 
historically been linked to significant mortality 
rates (60-80%) and disseminated infection in 
immunocompromised people.34 However better 
clinical outcomes have been reported with 
advancement of knowledge related to diagnosis 
(clinical and laboratory), treatment and prevention 
of Trichosporon infection. Trichosporon can be 
easily misidentified as Candida spp., however dry 
and wrinkled colonies on SDA, and presence in 
arthroconidia and blastoconidia in lactophenol 
cotton blue (LPCB) mount and positive urease test 
aid in identification Trichosporon.35

 When risk factors for hospital acquired 
blood stream fungal infections were analyzed, 
male gender, advanced age and central venous 
catheterisation were substantially related with 
the development of hospital acquired blood 
stream fungal infections. Fluconazole prophylaxis 
/treatment was significantly high in patients with 
NAC spp. BSI. These risk factors are in consistent 
to that reported by other researchers. Many 
predisposing factors for candidemia have been 
found. These consist of major surgeries, central 
venous and urinary catheterisation, and complete 
parenteral feeding. Factors predisposing to 
candidemia are constant for past two decades. 
The National Epidemiology of Mycoses study 
group (NEMIS) also revealed a high prevalence of 
fungal HAI.36 Male predominance was also noted 
in the study of various national and international 
workers.37

 The scenario of antifungal susceptibility 
pattern of Candida has changed with emergence 
of NAC spp., as NAC spp. exhibits varying degree 
of resistance to commonly prophylactic and 
therapeutic prescribed antifungal drugs.27 Hence 
antifungal susceptibility profile of infecting 
Candida spp. can’t be accurately and precisely 
seldom on the basis of identification.
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 According to the IDSA, the antifungal 
susceptibility testing is useful for both C. albicans 
and NAC spp.38 In C. albicans infection the result of 
susceptibility testing is often necessary important 
in patients with persistent candidemia or other 
form of systemic candidiasis whilst in case of NAC 
spp. infections, susceptibility testing is especially 
vital in patients who have prophylactically or 
therapeutically received dose of azole.39

 Fluconazole resistance in Candida spp. 
was much higher than that of other antifungals. 
Since fluconazole is the most commonly prescribed 
first-line medication for treating and preventing 
practically all instances of candidiasis, resistance 
to it is concerning.39

 The WHO published a list of fungal 
priority pathogens in 2022 to guide research, 
development, and public health action.40

 Echinocandins, the most recent addition 
to antifungal arsenal, are increasingly utilized as 
first line drugs for treating and managing systemic 
/disseminated Candida infections. It is prescribed 
in conditions like terminal illness, clinically 
unstable patients, azole exposure history and 
are colonized/infected with fluconazole resistant 
Candida spp.15

 A l l  echinocandins  are  approved 
for treating BSI and other forms of systemic 
candidiasis.15 These antifungals have fungicidal 
action against most Candida spp. including NAC 
spp. and azole resistant isolates. However they 
demonstrate high MIC against C. parapsilosis.15 

Similar observation was noted in this study. 
Aspergillus niger demonstrated high MIC to 
amphotericin B compared to azoles. Fakhim et al. 
reported the similar findings.41

CONCLUSION 

 Fungal  pathogens have emerged 
as important cause of nosocomial BSI. From 
this study, it can be concluded that Hitherto, 
fungal isolates, once rarely encountered like  
Non-albicans Candida spp., Trichosporon spp. 
are now common in invasive mycosis. These 
pathogens often demonstrate less susceptibility 
to antifungal drugs, hence are associated with 
poor/no response to therapy and therefore 
may present as mayhem to patients. Finally, this 

emerging mayhem necessitates the importance 
of being vigilant about predisposing factors, 
stringent execution of infection prevention and 
control and the commencement of an antifungal 
stewardship program. All suspected blood culture 
samples for BSI should also be examined for fungal 
aetiology, since this would provide evidence of 
fungal infection.
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