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Abstract

Background: The presence of infection in critically ill patients poses unique
challenges as it can directly influence the morbidity and mortality. Systemic
fungal infections constitute a major problem in intensive care units in both
developed and developing nations. The COVID-19 era also has exhibited an
exponential increase in critically ill patients with acute respiratory distress
syndrome (ARDS) necessitating ICU admission leading to an increased
incidence of secondary fungal infections that have contributed significantly to
adverse outcomes. Materials and Methods: All ICU samples received in the
Microbiology laboratory were subjected to KOH mount and were also cultured
on Sabouraud Dextrose Agar (SDA). The growth of fungus on SDA was
identified on the basis of morphology and by preparing Lactophenol cotton blue
mount. Result: Total of 174 samples were received from all the ICUs, out of
which 101(58.04%) showed growth of fungal pathogen. Out of the total positive
samples, maximum fungal isolates strains were isolated from sputum (n=45,
44.55%), followed by BAL (n=24, 23.76%), blood culture (n=6, 5.94%),
endotracheal aspirate, pleural fluid and nasal swab (2.97% each). Candida
albicans (n=35, 32.71%) was found to be most predominant fungal pathogen in
this study. Conclusion: Candida spp. cause the majority of infections in ICU.
They occur most commonly in patients with severe underlying illness, having
multiple courses of antibiotics and on intravascular catheters. Clinical diagnosis
is difficult due to nonspecific signs and the frequent occurrence of widespread
superficial colonization with Candida spp. Proper surveillance is important to
improve quality of care in ICU.

INTRODUCTION

Infections have almost become an inseparable part of
the intensive care units throughout the globe in spite
of numerous advancements in diagnostic and
therapeutic interventions. The presence of infection
in critically ill patients poses unique challenges as it
can directly influence the morbidity and mortality.
Amongst various infections prevalent in an intensive
care unit, invasive fungal infection has always been
considered to occur infrequently, but, over the past
few years, with the surge in broad- spectrum
antibiotic usage and improved knowledge of fungal
diseases, the incidence has risen. At present, systemic
fungal infections constitute a major problem in

intensive care units in both developed and developing
nations.

Fungal pathogens are estimated to lead to more than
1.5 million deaths every year worldwide, with a
global burden exceeding one billion.[Yl Despite this,
the issue of fungal pathogenicity has been largely
neglected.3! This has also been acknowledged in the
case of healthcare-associated invasive fungal
infection,[%1 for which a call to action was recently
issued by the scientific community.[¥! Moreover, the
increased prevalence of invasive fungal diseases
correlates with an increasing number of vulnerable
at-risk patients, which include among others,
immunosuppressed individuals due to transplants,
AIDS, cancer, corticosteroid therapies or
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autoimmune diseases, or patients undergoing major
surgery.[t71

The incidences of candidemia, systemic
aspergillosis, cryptococcosis and zygomycosis in
India have shown a steep rise, with emergence of
newer fungal infections.[! Although the leading
fungal infection is candidemia, disseminated
candidiasis with deep organ involvement and
pulmonary aspergillosis have been recently reported
as additional important complications in ICU
patients.

The COVID-19 era also has exhibited an exponential
increase in critically ill patients with acute respiratory
distress syndrome (ARDS) necessitating ICU
admission leading to an increased incidence of
secondary fungal infections that have contributed
significantly to adverse outcomes. Among fungal
infections, pulmonary mucormycosis, aspergillosis
and candidemia have attracted much attention as
emerging clinical entities complicating critical
COVID-19.[1319]

MATERIALS AND METHODS

This cross-sectional study was performed in the
Central Laboratory at School of Medical Sciences
and Research (SMS&R), Sharda Hospital, Greater
Noida over a period of 12 months from November
2022 to October 2023. The study aimed to determine
the incidence of fungal infections in Intensive Care
Units. All samples received in microbiology lab for
fungal culture and/or KOH mount from Intensive
Care Units were included in this study. The study was
approved by the Institutional Ethics Committee.
Procedure: All ICU samples received in the
Microbiology laboratory were subjected to KOH
mount and were also cultured on Sabouraud Dextrose
Agar (SDA). The growth of fungus on SDA was
identified on the basis of morphology and by
microscopic observation of Lactophenol cotton blue
mount of the isolates.

RESULTS

A total of 174 samples were received, out of which
101(58.04%) showed growth of fungal isolates. Out
of 101 samples, 97 samples showed growth of single
fungal pathogen, 2 samples showed growth of 2
different types of fungal pathogen and 2 samples
showed growth of 3 types of fungal pathogens. Out
of the total samples 112(64.26%) were males and

62(35.63%) were females. 14(13.86%) patients died
of fungal infection in this study.

Maximum samples were received from Medical
Intensive Care Unit (MICU) (69.5%) and Neonatal
Intensive care Unit (NICU) (38%) but maximum
fungal infections were isolated from Respiratory
Intensive Care Unit (RICU) (95.6%) as shown in
[Table 1].

Demographic profile: Most of the fungal isolates
were from patients in the age group of 41-60 years,
followed by 0-20 years, 61-80 years, 21-40 years and
above 81 years [Table 2].

Maximum fungal strains were isolated from sputum
(n=45, 44.55%), followed by BAL (n=24, 23.76%),
Blood (n=6, 5.94%), endotracheal aspirate, pleural
fluid and nasal swab (2.97% each) as shown in
[Table 3].

Candida albicans in (n=35, 32.71%) was found to be
most predominant in this study, followed by Candida
non-albicans (n=30, 28.03%), Aspergillus fumigatus
(n=13, 12.14%), Aspergillius flavus (n=12, 11.21%),
Trichosporon (n=4, 3.73%), Aspergillus niger (n=2,
1.86%), Aspergillus nidulans (n=2, 1.86%)
respectively. Here in this study other species like
Penicillium, Alternaria, Rhizopus, Curvularia,
Sepedonium, Fusarium, Cryptococcus laurentii &
Exserohilium spp. Constitutes a number of (n=1,
0.93%) each [Table 4].

Candida albicans was found to be the most common
fungus leading to infections in ICU as shown in
[Table 5].

A total of 7 different clinical conditions were
identified among the included patients and analysed
for possible association with the development of
fungal infections [Table 6]. Three of these clinical
factors were found to be significantly associated with
the occurrence of fungal infections i.e patients with
lower respiratory tract infections like chronic
obstructive  pulmonary  disease,  pneumonia,
bronchitis, asthma where they showed maximum
isolates of Candida albicans (17) followed by Non-
albicans Candida (NAC) (13), Aspergillus fumigatus
(9), Aspergillus flavus (5) and Trichosporon,
Rhizopus, Aspergillus nidulans and Sepedoium
counting a number of 1 isolate each. Neonatal sepsis
showed predominant growth of NAC (9) followed by
Candida albicans (7), Aspergillus flavus (1) and
Alternaria (1) respectively and sepsis of age group >
1month showed growth of Candida albicans (6) and
NAC (4), Aspergillus fumigatus (3) and Aspergillus
flavus (1).

Table 1: Incidence of fungal infections in different ICUs.

1CUs No. of samples
MICU 60

NICU 55

RICU 23

SICU 23

ICCU 8

PICU 5

Total 174
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(ICCU:Intensive Coronary care unit, MICU:Medical Intensive Care Unit, NICU:Neonatal Intensive care Unit,
PICU: Paediatric Intensive Care Unit, RICU: Respiratory Intensive Care Unit, SICU:Surgical Intensive Care Unit)

Table 2: Age-wise distribution of patients with fungal infections

Age Number of Patients (%0)
0-20 26 (25.74)
21-40 19 (18.81)
41-60 33 (32.67)
61-80 22 (21.78)
Above 80 1(0.99)
Total 101
Table 3: Sample wise distribution of fungal isolates
Sample Type Total Number Positive (%)
CONJUCTIVAL SWAB 1 0
NASAL TISSUE 1 1 (100)
TRACHEAL SECRETION 1 0
CSF 2 0
NASAL SWAB 2 1(50)
PUS 2 0
THROAT SWAB 2 2(100)
PLEURAL FLUID 8 3(37.5)
ETT 9 3(33.3)
BLOOD 12 6(50)
BAL 41 24(58.5)
URINE 46 16(34.7)
SPUTUM 47 45(95.7)
Total 174 101(58)
Table 4: Overall incidence of fungal pathogens in ICU
Fungal isolates Number(%0)
Candida albicans 35(32.71)
Candida non-albicans 30(28.03)
Aspergillus fumigatus 13(12.14)
Aspergillus flavus 12(11.21)
Trichosporon spp. 4(3.73)
Aspergillus niger 2(1.86)
Aspergillus nidulans 2(1.86)
Penicillium spp. 1(0.93)
Curvularia 1(0.93)
Sepedonium 1(0.93)
Fusarium 1(0.93)
Exerohillium spp. 1(0.93)
Rhizopus spp 1(0.93)
Alternaria 1(0.93)
Aspergillus terreus 1(0.93)
Cryptococcus laurentii 1(0.93)

Table 5: Incidence of fungal pathogens in different ICUs

Intensive Care Units

Number of Isolates

ICCU

Aspergillus flavus

Candida albicans

Candida non-albicans

Penicillium spp.

GICU

Candida non-albicans

MICU

o

Aspergillus flavus

Aspergillus fumigatus

Aspergillus nidulans

Aspergillus niger

Aspergillus terreus

Candida albicans

[N

Candida ciferrii

Candida non-albicans

Cryptococcus laurentii

Fusarium spp.

Rhizopus spp.

Trichosoporon spp.

NICU

N RN N N N e T TN L L R I N R R R NN R

[y
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Alternaria

Aspergillus flavus

Candida albicans

o

Candida krusei

Candida non-albicans

PICU

Candida non-albicans

RICU

w

Aspergillus flavus

Aspergillus fumigatus

Aspergillus nidulans

Aspergillus niger

Candida albicans

Candida non-albicans

Curvularia

Exserohilium spp.

Sepedonium spp.

SICU

Aspergillus flavus

Aspergillus fumigatus

Candida albicans

Candida non-albicans

Total

RN R |O(R ([PPSR [RrlwwN NN O R P -

o
]

Table 6: Incidence of fungal pathogens in various clinical conditions

Clinical Diagnosis Growth

Isolates

Positive (%)

Negative (%)

Neonatal Sepsis 18 (7.47)

27 (3.19)

Candida albicans (7)
Candida non-albicans (9)
Aspergillus flavus (1)
Alternaria (1)

Sepsis 14 (8.04)

5 (2.87)

Candida albicans (6)
Candida non-albicans (4)
Aspergillus fumigatus (3)
Aspergillus flavus (1

LRTI 49 (28.16)

21 (12.06)

Candida albicans (17)
Candida non-albicans (13)
Aspergillus fumigatus (9)
Aspergillus flavus (5)
Trichosporon (1)
Rhizopus (1)

Aspergillus Nidulans (1)
Sepedonium (1)
Penicillium (1)

Oral thrush 2(1.14)

0

Candida albicans (2)

Sinusitis 2(1.14)

1(0.57)

Penicillium (1)
Aspergillus terreus (1)

Pleural effusion 3(1.72)

0

Aspergillus nidulans (1)
Aspergillus flavus (2)

Pneumonia 24 (13.79)

17 (9.77)

Candida albicans (6)
Candida non- albicans (5)
Aspergillus flavus (3)
Aspergillus fumigatus (5)
Cryptococcus laurentii (1)
Curvularia (1)
Exserohilium spp. (1)
Rhizopus spp. (1)
Trichosporon spp. (1)

(Neonatal sepsis: Sepsis in new-born infants <lmonth; Sepsis: age group > 1month; LRTI (Lower Respiratory
Tract Infection: Shortness of breath, fever, asthma, Chronic obstructive pulmonary disease, bronchitis; Oral
thrush: oral candidiasis, Sinusitis: Sinus infection, pleural effusion: Build-up of fluid between tissues, Pneumonia.

DISCUSSION

In the present study, 174 clinically suspected fungal
isolates were studied, out of which 101 (58%) were
confirmed by KOH and culture which is in contrast
to two studies showing prevalence of 82.7% and
13.2% respectively.[6:7]

In this study, fungal infections are predominant in the
age group of 41-60 years with male predominance

which in accordance to another study by M.T.
Montagna et al. in which median age of the patients
was 60 (44.5-71) years who were prone to fungal
infection, with 63.8 % being males and 36.2 %
females.'®! Another study done by Sahni V et al.
reported a similar range of 18 years to 80 years with
a mean of 43.5 years.*¥] Fungal infections have
increasingly become a problem among older adults as
most of the older individuals admitted in ICUs are
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already suffering from chronic illnesses which makes
them immunocompromised and perfect candidates
for getting fungal infections. Also older patients are
more prone to receiving solid transplantation,
undergoing aggressive treatment of malignancies,
and taking immunosuppressive medications for
dermatologic and rheumatologic diseases.

In this study; 60.74 % of the clinical isolates from
ICUs were of the Candida genus and Candida
albicans was the most prevalent species (32.7%)
isolated from the respiratory tract and urinary tract
which is in accordance with another study where
Candida albicans accounted for about 89.9% of the
total isolates.[” In a study by Akashdeep Singh et.al.
the most common fungus isolated in patients with
invasive fungal infections was Candida spp. in 54
(75%) patients, followed by Aspergillus spp.
(22.2%).211 In this study fungal pathogens were
causing infection in 55 (31.60%) cases with
respiratory tract infection. In agreement with our
results Basiri Jahromi et al. reported the same
prevalence for fungal respiratory infections in
Iran.[?2 Also Roohani AH et al. reported a prevalence
of 26.7% for respiratory fungal infections in
immunocompromised  patients  in  India.[*
Candiduria is rarely present in healthy individuals but
is commonly found in hospitalized patients,
especially those with multiple predisposing factors,
including structural abnormalities of the Kkidney,
diabetes mellitus, indwelling urinary catheters,
immunosuppression and exposure to antimicrobials.
Here in this study we found an incidence of fungal
sepsis as 8.04%, where predominant organisms were
Candida albicans and NAC spp. This is in contrast to
another study by Vincent JL et al. that identified
fungal infections in approximately 17% of the
critically ill septic patients in several European
countries.[?4

Fungal isolates were mostly positive on day 5 of
sample collection with 13.86% mortality rate which
in contrast to another study where mortality rate is
50%.[%1 Studies by Singh et al,' reported that most
fungal isolates are positive on day 9, while another
study from India reported that it is positive on day 15.
For patients with high Invasive fungal disease (IFD)
risk, early diagnosis and therapy are essential to
achieve a better end result, including reduced
morbidity and mortality.[?]

In this study the most common specimens yielding
fungal infections were sputum and other samples like
BAL, Blood culture, endotracheal aspirate, pleural
fluid and nasal swab. Similarly a study done by
C.M.Chalmers et al. states that the sites that most
frequently screened for colonization or infection with
fungal infection are respiratory secretions.?”l Fungal
pathogens could trigger host immune response upon
inhalation, and lung tissue is the major infectious
target of these pathogens.

CONCLUSION

Fungal infection in critically ill patients is an
increasingly prevalent problem. Candida spp. cause
the majority of these infections in ICU. They occur
most commonly in patients with severe underlying
illness, multiple courses of antibiotics and
intravascular catheters. Clinical diagnosis is difficult
due to nonspecific signs and the frequent occurrence
of widespread superficial colonization with Candida
spp. in ventilated patients. The recent advances in
management of life- threatening infections in
intensive care unit with advent of broad- spectrum
antibiotics have greatly reduced mortality but have
significantly increased the incidence of invasive
fungal infections. These invasive fungal infections
are often difficult to diagnose and treat in the
intensive care setting.

Candida albicans being the most commonly isolated
organism in this study, is the leading cause superficial
and invasive diseases in humans. Fungal infections
are quite common in India because of hot and humid
climate which leads to poor hygienic conditions.

To conclude, proper surveillance of fungal pathogens
is important to improve quality of care in ICU. There
is an urgent need for sensitization of health care
personnel to evolve preventive risk factor protocols
as part of standard of care to control the surge of
fungal infections in critical care settings.
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