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Abstract:

Background: In immunocompromised patients, there are advances in medical care leading
to significant increase in Invasive Fungal Infections (IFIs). Fungal species are
approximately 7 percent (6,11,000 species) and they are distributed in soil, plant debris and
other organic substrates. Only 600 species are human pathogens.

Objective: To study the pattern of fungal infections and clinical profile in
immunocompromised patients with special reference to characterisation and molecular
study of candida species in a tertiary care hospital.

Methods: This cross sectional study was conducted at Government tertiary care hospital in
Chennai ,Tamilnadu for a period of one year.

Results: Among the study population, 41% of the patients showed fungal growth. Proven
IFI was found in 15% of the cases and remaining were under the category of probable IFI
(85%). Among the 41 fungal isolates, majority of them were Candida non-albicans (31.7%)
followed by Candida albicans (24.39%), Aspergillus fumigatus (21.95%), Aspergillus
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flavus (12.20%), Aspergillus niger (4.88%) and Rhizopus (4.88%). Among the patients
with Proven and Probable IFI , Candidiasis constitutes 56.09% followed by Aspergillosis
(39.03%) and Zygomycosis (4.88%). Antifungal susceptibility testing was performed for
Candida isolates by Disk diffusion method. Fluconazole resistance was observed among
C.albicans and C.tropicalis with 70% and 42.86% respectively. Virulence characters such
as Phospholipase and hemolysin activity was tested for Candida isolates. Fluconazole
resistance among Candida species tested by PCR showed the presence of ERG11 gene in 2
isolates of Candida albicans.

Conclusion: Invasive fungal infections are a major cause of morbidity and mortality in
immunocompromised patients. The patients with suspected IFI in the study population was
in the age group of 31-40 years and they were predominantly males. Etiological agent was
identified in 41% of infected patients. On categorization, 15% had Proven IFI and 85% had
Probable IFI. The leading cause of IFI was invasive Candidiasis followed by Aspergillosis.
Invasive Candidiasis was mainly caused by Candida non-albicans followed by Candida
albicans. Increasing rate of Fluconazole resistance among C.albicans may be due to
frequent use of these agents in the prophylaxis of fungal infections in immunocompromised
patients.

Keywords: Fungal Infections, Clinical Profile, Imnmunocompromised Patients, Characterisation,
Molecular Study, Candida

INTRODUCTION
In immunocompromised patients, there has been a steady increase in the frequency of opportunistic
Invasive Fungal Infections (IFIs)!!. Invasive fungal infections caused by candida species and
Aspergillus species are major causes of morbidity and mortality!!l. A definite increase in candida
non-albicans species associated with a higher mortality has been reported!?.

Aspergillus species are soil inhabitants. They cause life threatening disease, if Conidia are inhaled
into the respiratory tract . Invasive Aspergillosis occurs in patients with risk factors like prolonged
neutropenia, hematological malignancy and solid organ transplantation 4],

Over a 12 year period, the prevalence of invasive fungal infection is increased from 2.2% to 5.1%
41 Several reasons for the increase in invasive fungal infections are the use of antineoplastic and
immunosuppressive agents, broad spectrum antibiotics, patients with uncontrolled Diabetes
mellitus, neutropenia and aggressive surgery ). Some of the candida non-albicans are highly
virulent and associated with treatment failure due to reduced susceptibility to antifungal agents!*!.

The clinical manifestations of fungal infections are not specificl®. A high degree of suspicion is
necessary for the early diagnosis and treatment of fungal infections® . The gold standard for the
diagnosis of invasive fungal infections (IFIs) is culturing the clinical specimen (sputum, urine,
blood) to isolate the fungal agent [°],

Several new antifungals has expanded prophylaxis and treatment options for invasive fungal
infections [¢1 . The identification of candida species is important in the diagnostic laboratory 7.
There is a prognostic and therapeutical significance, in the identification of candida species and
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thus early and correct antifungal therapy can be initiated.

Hence this study was focused to find the pattern of fungal infections and clinical presentation in
immunocompromised patients and to identify the different fungal isolates.

MATERIALS AND METHODS
This cross sectional study was conducted at Government tertiary care hospital in Chennai,
Tamilnadu for a period of one year. Approval for the study was obtained from the
Institutional Ethical Committee, and written informed consent was obtained from all
patients.

INCLUSION CRITERIA

1. Patients aged more than18 years.

2. Immunocompromised patients included in the study are patients with acute hematological
malignancy with intensive chemotherapy, cancer patients, complicated intensive care unit
patients and patients on long term steroids and antibiotic therapy.

EXCLUSION CRITERIA
1. Age of patients below 18 years.

2. Patients on antifungal therapy.

DATA COLLECTION

Data collection included Name, Age, Sex, IP number, Ward, Occupation, Address, Date of
admission, Diagnosis at admission, presenting complaints, personal history, past history, H/o
Diabetes mellitus, chronic kidney disease, neoplasm, immunosuppressive therapy, previous IFI,
prior antibiotic therapy / antifungal therapy.

CASE DEFINITIONSP!
Invasive fungal infections are defined in terms of Proven IFD, Probable IFD and Possible IFD.
PROVEN IFD
Molds

e Positive culture obtained by sterile procedure from a normally sterile site clinically
and radiologically abnormal site consistent with an infectious disease process
excluding BAL fluid, a cranial sinus activity specimen and urine.

e Blood culture yields a mold accompanied with compatible infectious disease
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process.
Yeasts

e Positive culture obtained by sterile procedure from a normally sterile site clinically
or radiologically abnormal site consistent with an infectious disease process.

e Positive blood culture of Candida species, Cryptococcus species, Trichosporon
species.

PROBABLE IFD
It requires the presence of a host factor, a clinical criterion and a mycological criterion.

POSSIBLE IFD

Cases that meet the criteria for a host factor and a clinical criterion for which mycological criteria
are absent.

SPECIMEN COLLECTION FOR FUNGAL CULTURE 221

® Sputum- The first early morning sample was collected after vigorous rinsing of mouth
with water. Sputum was coughed out following a deep breath, collected into a sterile,
screw capped container.

® Bronchoscopy- Bronchial brushing, bronchoalveolar lavage fluid was collected and
transported in sterile sealed container.

® Urine- The first early morning clean catch mid stream urine specimen was collected
aseptically in sterile, screw capped container and processed immediately. If delay more
than 2 hours is anticipated, sample should be refrigerated at 4°C.

® Blood- After disinfecting the venipuncture site with 70% alcohol, blood samples were
collected at the febrile episode in a sterile culture broth.

MICROSCOPY

1) KOH Wet Mount

On a clean, grease free glass slide, a drop of KOH (10%) was placed and a small quantity
of specimen was mixed with it. A sterile coverslip was placed over the drop. The aqueous
potassium hydroxide (KOH) softens and digests protein debris as well as dissolves cement
substance, which holds keratinized cells together. The fungal elements become quite clear and
easy to visualize in clinical specimens observed under low and high power of the light microscope
for the presence of yeast or hyphal forms.

2) Gram Stain
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Direct Gram staining was performed as per standard protocol.

CULTURE

A minimum amount of specimen was inoculated onto 2 slants of Sabouraud dextrose agar of pH
5.6 with antibiotic Gentamicin at 50 mg/liter inoculated tubes and then incubated for a period of
4-6 weeks before discarding the tubes as sterile and negative.

Interpretation of fungal culture
The significance of fungal isolate depends on its source and identity. The following points should
be considered in case of commensal or opportunistic fungi that are otherwise considered as
contaminants.
O Growth of same strain in all culture tubes.
O Repeated isolation of same strain in multiple specimens.

O Immune status of patients and

O Serological evidence to confirm significance of isolate.

RESULTS
A total of 100 patients satisfying the inclusion criteria, admitted with signs and symptoms
of Invasive Fungal Infections (IFIs) were included in the study. Out of 100 patients, 41
patients were found to be positive for fungal growth.

Table-1: Age and Sex Distribution among study population n=100

RISK FACTORS
RENAL DIABETES | CHEMO RT
TRANSPLANT | MELLITUS | THERAPY | & CT | TOTAL
AGE(YRS) DM .
(RT) (DM) (CT) DM n (%)
M F M | F | M| F |[M|F|M|F
18-20 - - - - 1 A I 1
21-30 3 3 2 2 1|5 | -]-]-]- 26
31-40 9 6 5 1 3 50 -]1]-]- 30
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41-50 2 3 3 2 2 5 | 2]-]-]- 19
51-60 2 1 5 1 2 1| - -11]- 13
61-70 - - 2 2 4 N N R 8
71-80 - . 1 1 - 1| - - -]- 3

TOTAL(%) | 16 13 18 O | 23 | 17 | 2]1]1]- 100
Pvalue 0.046 0.105 0.156 | 0.51| 034

The table 1 shows, the study consists of predominantly of males (60%) when compared to
females (40%). Out of 100 patients, majority of them in the study belongs to the age group
of 31-40 years (30%) followed by age group of 21- 30 years (26%) and 41-50 years (19%).

Duration of immunosuppression of 1-10 years showed increased incidence of IFI among
86% of patients. Incidence of Proven IFI was 15%. Most of the cases were under the
category of Probable IFI (85%).

TABLE-2: Distribution of fungal isolates in clinical samples n=100

Samples Growth No growth Total
Urine 18(43.90%) 31 49
Sputum 6(14.63%) 5 11
Bronchial wash 10(24.39%) 11 21
Pleural fluid 1(2.44%) 2 3
Blood 3(7.32%) 8 11
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BAL 3(7.32%) 2 5

TOTAL 41 59 100

Among immunosuppressive patients in the study, the majority of samples were urine
(49%) followed by bronchial wash (21%), sputum (11%) and blood (11%). Out of 100
patients in the study, 41 patients showed fungal growth. In the above table, majority of the
growth was present in the urine sample (43.90%), followed by bronchial wash (24.39%)
and sputum (14.63%).

TABLE-3: Distribution of Candida isolates and filamentous fungal isolates causing

IFI
Species T Rem;l t llz/iall;?ttes Chemo lle C&T s
P ranspian ¢S | therapy(CT) (%)
(RT) (DM) DM | DM
Car‘ldlda ) 4 7 o) - 10
albicans (24.39%)
Candida ‘non- 3 4 5 i | 13
albicans (31.70%)
Asper.glllus 5 4 . - - 19(21.95%)
fumigatus
Aspergillus ) 3 o) - - >
flavus (12.20%)
Aspergillus P 2
niger (4.88%)
Rhizopus - 2 i i S| 2(4.88%)
Total 10 19 9 2 1 H

Above table shows that among 41 isolates , majority of them were Candida non-albicans
(31.70%) followed by Candida albicans (24.39%) and Aspergillus fumigatus (21.95%),
Aspergillus flavus (12.20%), Aspergillus niger (4.88%) and Rhizopus (4.88%). Among
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Candida species majority of them are C.non-albicans (56.5%) followed by C.albicans
(43.5%) in clinical samples.

In urine sample, C.tropicalis (14.3%), C.albicans (14.3%) were reported commonly
followed by C.parapsilosis (4%), C.glabrata (2%) and C.krusei (2%). In blood culture,
C.glabrata (18.2%) was commonly reported followed by C.albicans (9%). Among 100
patients with Proven and Probable IFI, Candidiasis (56.09%) was most commonly
encountered followed by Aspergillosis (39.03%) and Zygomycosis (4.88%).

TABLE-4: Antifungal susceptibility testing in candida species by disk diffusion
method (n=23)

SPECIES Fluconazole Itraconazole Voriconazole
(25pg) (10 pg) (1 pg)
S R S R S R
C.albicans (10) 3 7 5 5 5 5
(30%) | (70%) | (50%) | (50%) | (50%) | (50%)
C..tropicalis (7) 4 3 5 2826 ) 5 2
(57.14%) | (42.86%) | (71.4%) | 2867 | (71.49%) | (28.6%)
C.glabrata (3) - 3 00_ 3 - 3
0% | 100%) | O | 100%) | ©0%) | (100%)
C.parapsilosis (2) 2 - 2 - 2 -
(100%) | (0%) | (100%) | (0%) | (100%) | (0%)
C.krusei (1) - 1 - 1 - 1
(0%) | (100%) | (0%) | (100%) | (0%) | (100%)

In the above table, Antifungal susceptibility testing of Candida albicans showed highly
sensitive to Voriconazole (50%) and Itraconazole (50%) followed by a Fluconazole (30%)
and highly resistant to Fluconazole (70%) followed by Voriconazole (50%) and
Itraconazole (50%) .

Candida tropicalis showed highly sensitive to Voriconazole (71.4%) and Itraconazole
(71.4%) followed by Fluconazole (57.14%) and highly resistant to Fluconazole (42.86%),
followed by Voriconazole (28.6%) and Itraconazole (28.6%).

Table-5: Phenotypic characterisation- Phospholipase activity in Candida albicans
(n=10)
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Phospholipase activity-Pz value Number of strains showing
Phospholipase activity (Number of

strains tested) n=10

1(Negative) -
<0.90-0.99(+) 1
0.80-0.89(++) 2
0.70-0.79(+++) 2
<0.70(++++) 5

5 isolates of C.albicans showed Pz value of < 0.70(++++) with high phospholipase activity.
5 isolates of C.tropicalis showed Pz value of <0.70(++++) with high production of
phospholipase activity.

Table-6: Phenotypic characterisation-Hemolysin activity in Candida species (n=23)

Candida spp Alpha hemolysis Beta hemolysis h(e;;‘ll(l)lll;s?s
C.albicans 2(20%) 6(60%) 2(20%)
n=10
C.non albicans 2(15.38%) 7(53.85%) 4(30.77%)
n=13

In the above table ,among the Candida species the higher rate of alpha hemolysis, beta
hemolysis and gamma hemolysis was observed in C.albicans (20%), C.albicans (60%) and
Candida non- albicans (30.77%) respectively.

Fluconazole resistance among Candida species tested by PCR showed the presence of
ERGI11 gene in 2 isolates of Candida albicans.

The overall mortality seen in this study was 11% and the cases were proven IFI and
probable IF1. Mortality was seen among cancer patients on chemotherapy with neutropenia
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due to candidemia, uncontrolled Diabetes mellitus with Rhizopus and invasive
Aspergillosis.

1.CHROM agar showing Candida species

2.Germ tube test- C.albicans showing Germ tube

3.Assimilation test- C.albicans
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4.Phospholipase activity in Egg Yolk Medium—Candida species

5. Hemolysin activity in Blood Agar Plate-Candida species
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6. Molecular analysis-Identification of ERG11 gene among Fluconazole resistance
Candida species
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DISCUSSION

Invasive Fungal Infections (IFIs) are increasing in incidence among patients with
immunocompromised state!®!. The morbidity and mortality is caused by IFIs.

100 immunocompromised patients with clinical suspicion of having fungal infections were
included in the study. Immunocompromised patients selected under the study were acute
hematological malignancy with intensive chemotherapy, cancer patients, complicated
intensive care patients, patients on long term steroids and antibiotic therapy, Renal transplant
recipients on immunosuppressive therapy and Diabetes mellitus.

Most of the patients affected by IFI in this study were in the age group of 31-40 years (30%)
followed by age group of 21-30 years (26%). Among the study population, majority of the
patients were males (60%). Similar findings have been recorded by Milton camplesi junior et
al®’ . The mean age of the patients was 35.7 years, with a range of 21-60 years.

Patients with duration of immunosuppression of 1-10 years showed increased incidence of IFI
in this study. As the duration of immunosuppressed state increases, susceptibility of infection
also increases. Similar findings have been recorded by Kontoyiannis et al, who found a median
duration for development of IFI in transplant recipients was more than 1 year!!%],

Among 100 cases in the present study, 41 patients showed fungal growth. According to
European Organisation for Research and Treatment of Cancer (EORTC) criteria, among these
100 patients ,15% were Proven and 85% were Probable IFI. Kontoyiannis et al ,studied on

patients with IFI for a period of 5 years reported 56% were Proven and 44% were probable IFI
[10]

In the present study, majority of patients of IFI presented with symptoms of urinary tract
infections, sepsis and respiratory infections. So, most of the samples collected were urine,
bronchial wash, sputum, blood and bronchoalveolar lavage. Pagano et al studied patients with
IFI and reported most common system involved was respiratory tract [/,

In the present study, among the 41 fungal isolates, majority of them were Candida non-
albicans (31.70%) followed by Candida albicans (24.39%), Aspergillus fumigatus (21.95%),
Aspergillus flavus (12.20%), Aspergillus niger (4.88%) and Rhizopus (4.88%). Pfaller et al
also reported increase in Candida non-albicans species and higher mortality among the
patients?],

Candida species are usually colonizers. So, if isolated their significance should be defined.
Candida species from blood or on repeated isolation is taken as pathogen. In the present
study, among invasive candidiasis, majority of them were Candida non-albicans (56.5%)
followed by Candida albicans (43.5%) in clinical samples. In this study, in urine samples,
among candida species, majority of them were Candida tropicalis (14.3%), Candida albicans
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(14.3%) followed by Candida parapsilosis (4%), Candida glabrata (2%) and Candida krusei
(2%). Chakrabarti et al !?! showed high rate of isolation of Candida tropicalis in intensive
care unit patients.

In this study, in blood culture samples, the most common Candida species isolated were
Candida glabrata (18.2%) followed by Candida albicans (9%). Candida glabrata has emerged
as potentially resistant invasive fungal infection ['*]. Trick et al ¥ in United states have
demonstrated C.glabrata has increased incidence in intensive care unit patients. Two
prospective studies by Tortorano et al [’ also reported C.glabrata in blood culture.

In the present study, Invasive Candidiasis was present in 56.09% of patients followed by
Aspergillosis (39.03%) and Zygomycosis (4.88%). Similar findings are observed by
Chakrabarti et al [!2],

In the present study Antifungal susceptibility testing was performed in candida species by
Disk diffusion method. Among 10 Candida albicans, Fluconazole resistance was 70%
followed by Itraconazole (50%) and Voriconazole (50%). Among 7 Candida tropicalis,
Fluconazole resistance was 42.86% followed by Itraconazole (28.6%) and Voriconazole
(28.6%). Brekow et al 18] showed increase in Fluconazole resistance in Candida albicans and
Candida non-albicans.

In the present study, the virulence characters of Candida species such as Phospholipase
activity and hemolysin activity were determined. 5 isolates of C.albicans showed Pz value of
< 0.70(++++) with high phospholipase activity. 5 isolates of C.tropicalis showed Pz value of
<0.70(++++) with high production of phospholipase activity. Dasetal [!”l showed similar
finding with high production of phospholipase activity among C.albicans.

In the present study, among the Candida species, the higher rate of alpha hemolysis, beta
hemolysis and gamma hemolysis was observed in C.albicans (20%), C.albicans (60%) and
Candida non-albicans (30.77%) respectively. Nader Davari et al''®! showed similar production
of alpha hemolysis, beta hemolysis and gamma hemolysis among the Candida isolates.

In the present study, Fluconazole resistance among the Candida species tested by PCR showed
the presence of ERG11 gene in 2 isolates of C.albicans. Berkow et all'%showed the presence
of ERG11 gene in C.albicans.

The overall mortality seen in this study was 11% and the cases had Proven IFI and Probable
IFI. Mortality was seen among cancer patients on chemotherapy with neutropenia due to
candidemia caused by drug resistant C.albicans, uncontrolled Diabetes mellitus with
Rhizopus and Aspergillosis. Fleveri et al®® showed mortality rate of 30-60% in patients with
candidemia.

CONCLUSION
Invasive fungal infections are a major cause of morbidity and mortality in

1097 | International Journal of Pharmacy Research & Technology | Jan -May 2026 | Vol 16| Issue 1



M.AKkilamani et al / A STUDY ON THE PATTERN OF FUNGAL INFECTIONS AND CLINICAL PROFILE IN
IMMUNOCOMPROMISED PATIENTS WITH SPECIAL REFERENCE TO CHARACTERISATION AND MOLECULAR
STUDY OF CANDIDA SPECIES IN A TERTIARY CARE HOSPITAL

immunocompromised patients. The patients with suspected IFI in the study population was in
the age group of 31-40 years and they were predominantly males. Etiological agent was
identified in 41% of infected patients. On categorization, 15% had Proven IFI and 85% had
Probable IFI. The leading cause of IFI was invasive Candidiasis followed by Aspergillosis.
Invasive Candidiasis was mainly caused by Candida non-albicans followed by Candida
albicans. Aspergillus fumigatus was the commonest species causing Aspergillosis in IFI.
Virulence characters such as Phospholipase and hemolysin activity were found among Candida
isolates. Higher production of Phospholipase and hemolysin activity was shown in Candida
albicans. Candida non-albicans also showed higher level of Phospholipase and hemolysin
activity.

Antifungal susceptibility testing for Candida species by Disk diffusion method showed higher
resistance to fluconazole in C.albicans followed by C.tropicalis. Fluconazole resistance tested
by PCR in Candida albicans showed the presence of ERG11 gene.

Increasing rate of Fluconazole resistance among C.albicans may be due to frequent use of these
agents in the prophylaxis of fungal infections in immunocompromised patients. So, the best
approach to the optimal management of fungal infection is early detection and identification
of the causal agent, so that appropriate treatment can be initiated as soon as possible in
immunocompromised patients.
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