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Introduction: The overall changing epidemiology of fungal infections in the current scenario is
because of an increase in immunocompromised population including cancer patients, Human
immunodeficiency virus (HIV)-infected patients, transplant receipts, and prolonged hospitalization
with overuse of antimicrobial agents. These infections are challenging to diagnose and subsequently
manage as their clinical symptomatology often mimics other common diseases like tuberculosis.
Rapid diagnosis is limited and culture is often delayed due to slow growth rates of the causative
agents. Objective: This is a retrospective study to know the spectrum and burden of mycotic
infections in a tertiary care hospital. Methods: All samples collected from clinically suspected cases
of fungal infections were sent to the Microbiology department over one year. The common specimens
received were respiratory samples, scrapings from cornea, skin, and nail. All samples were first
observed under direct microscopy using Potassium hydroxide (KOH) examination for the presence of
fungal elements and Gram stain for yeasts. India Ink examination was performed for sterile fluids.
Fungal culture was done on Sabouraud's dextrose agar. Result: A total of 900 samples from various
departments were included, KOH examination was positive for 380 samples (42%) and fungal
growth was obtained in 144 samples (16%). Rare fungi like Trichosporon dohaense (blood culture),
Cladophialophora bantiana (brain abscess), Scedosporium apiospermum and Candida auris (blood
culture) were also isolated. Conclusion: Similar studies are needed to estimate the actual burden of
the fungal infections in tertiary care health facilities, to help decrease the morbidity and mortality
associated with underdiagnosed mycotic infections.
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Introduction
Medical mycology has gained a lot of importance
over recent years due to the emergence of new
pathogenic fungi, including yeast and moulds [1].
The entire scenario regarding the epidemiology of
fungal infections has undergone a paradigm shift.
Earlier, the fungal isolates, which were mainly
considered as non-pathogenic and laboratory
contaminants, have now proved to be true
pathogens and etiological agents of various
emerging and opportunistic fungal infections. The
overall increase in fungal infections is mainly due to
the steep rise in population at risk, including cancer
patients, transplant recipients, long term use of
immunosuppressive agents, and prolonged
hospitalization with overuse of broad-spectrum
antibiotics and indwelling devices.

These organisms can also affect immunocompetent
individuals [2-4]. Advances in medical science have
helped clinicians treat fatal diseases, leading to
prolonged life of immunocompromised individuals
who in the further course get prone to opportunistic
infections. Moreover, these infections are severe,
rapidly progressing, and challenging to diagnose
and treat as their clinical manifestations often mimic
other common diseases. Rapid diagnosis is limited
and culture is often delayed due to slow growth
rates of many fungi. This study was undertaken to
find the magnitude and incidence of fungal
infections in our centre. This study is of particular
relevance keeping in mind that our institute is a
tertiary care health centre for people coming from
hilly regions of the state where good quality health
services are not approachable.

Material and Methods
This retrospective observational study has
conducted by the Department of Microbiology at a
tertiary level hospital situated in the Uttarakhand
state of India from February 2019 to January 2020.
All the samples collected from clinically suspected
cases of fungal infections were sent to the
Microbiology department (Mycology section). How
the samples were collected and transported to the
laboratory depending on the specimen type.

Samples received in leaky containers or sent in
formalin were not accepted. The common specimens
were respiratory samples like sputum, broncho-
alveolar lavage (BAL) and scrapings from skin,
cornea and nail.

All samples were first observed under direct
microscopy for the presence of fungal elements by
dissolving them in Potassium hydroxide (KOH)
solution (10%-40%) and for yeast cells by Gram's
stain. India Ink examination was also performed for
capsulated yeast cells. 40% KOH was used for
dissolving nail samples whereas 10% was used for
all of the others (skin scrapings, cornea scrapings,
respiratory samples, pus and hair clippings) [5, 6].
After direct microscopy, all samples were put up for
fungal culture. They were inoculated onto two
culture Media; one of Sabouraud's dextrose agar
(SDA) and the other being SDA with cycloheximide
and chloramphenicol (Hi-Media, India). The culture
tubes were incubated at 25°C and 37°C,
respectively and were examined twice a week for
four weeks. Any growth obtained was further
identified by colony morphology. Moulds were
further identified by conidia formation seen in
Lactophenol cotton blue mount (LPCB), slide culture
and additional tests. The isolated yeast colonies
were identified based on Gram staining, germ tube
production, sporulation on cornmeal agar, urease
production and colour production on CHROM agar
[7-9]. All germ tube negative Candida spp. and few
filamentous fungi were identified using Matrix-
assisted Laser Desorption/Ionization-time of flight-
Mass spectrometry (MALDI-TOF-MS) (Bruker
Daltonics, Germany). Approval was sought by the
ethical and research committee of the institution.
Data was entered and analyzed on Microsoft Excel
and interpreted by descriptive methods in terms of
frequency Distribution

Results
A total of 900 samples from patients admitted in
various departments of the hospital were included in
this study. Of all, 65% (585) were from males and
35% (315) were from females. [Figure.1] Among
these, KOH examination was positive for 42% (380)
samples and fungal growth was obtained in 16%
(144) samples while no growth was obtained in the
rest of 84% (756) samples [Figure.2] In 26% (236)
of samples for which KOH examination was positive,
growth was not observed. Plausible reasons for
these findings could be inappropriateness of
samples, samples retrieved after the start of
antifungal therapy or inadequate temperature or
culture conditions, mishandling of sample while
inoculation of culture medium. The maximum
number of infections were seen in the adult age
group [657(73%)] followed by the pediatric age
group [172(19.11%)].
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Of all the samples received, skin, hair and nail
samples accounted for the maximum percentage
i.e., 25% (225), followed by sputum samples 21%
(189), Cerebrospinal fluid (CSF) 16% (144),
bronchoalveolar lavage (BAL)15% (135), corneal
scrapings 12% (110), pus sample 7% (63) and
tissue 4% (34). [Figure 3]. Most of the culture
positives were obtained from tissue samples
(73.50%, 25/34), followed by corneal scrapings
(31%, 34/110), BAL (19.20%, 26/135), pus
(14.30%, 9/63), sputum (13.20%, 25/189), skin,
nail & appendages (10.60%, 24/225) and CSF
(0.69%, 1/144).

[Table 1, Figure 3]. Among the 144 culture-positive
samples, the predominant fungus isolated was
Candida albicans (40.3%, 58/144), followed by
filamentous fungi like Aspergillus spp. (16%,
23/144), Fusarium spp (13.2%, 19/144), and
Zygomycetes (10.4%, 15/144). Rare fungi like
Trichosporon dohaense, Scedosporium apiospermum
and Cladophialophora bantiana were also isolated.
[Table 1]

Although fungal infections are not as common as
bacterial, viral, and parasitic infections as causes of
human suffering, they still are the most challenging
diseases to be managed. In recent times, mycotic
infections are noticeably on the rise in health care
facilities. Still, the data on the burden of these
infections in our country is under-reported, though
the country's climate is suitable for rising fungal
infections.

There are very few established reference mycology
laboratories in the country and the clinicians are still
not aware of the change in mycotic infections
spectra. [10]. Consequently, there is a scarcity of
studies mentioning the spectrum and aetiology of
fungal infections.

Figure 1: Sex distribution of total samples

Figure 2: Distribution of total samples

Figure 3: Distribution of total and culture-
positive samples

 

Table 1: Spectrum of isolates among various samples
Organism BAL Sputum Nail Skin CSF & blood Pus Tissue Eye Total

C. Albicans 22 22    3 1  48

Non-albicans Candida 6 3   1    10

A. fumigatus 1 1     1  3

A. flavus 1 1    1 7 7 17

A. niger 1 1     1  3

T. asahii 1      1  2

T. mentagrophytes   3 2     5

T. rubrum   1 1     2

Malassezia spp.    10     8
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Discussion
A total of 900 samples were received from various
suspected cases from all the Out-patient
Departments (OPDs) and wards, in the Mycology
laboratory. Of these, 144 (16%) were culture
positive. A study from Western India documented a
culture positivity rate of 48%, while a study from
the Northern part reported it to be 14%. [11, 12].
Candida was the commonest isolate followed by
filamentous fungi like Aspergillus spp., Fusarium
spp, and Zygomycetes. [13]. Few cases of
Cryptococcus spp. were also isolated. [14-16]. The
lesser percentage of culture positivity is attributed
to the fact that technical staff was posted on a
rotation basis in different sections of the
Microbiology Department owing to an acute
shortage of workforce in the institute.

There was a high rate of attrition concerning those
handling specimens sent for fungal culture. A wide
variation was observed during other months
concerning fungal growth obtained in cultures. In
due course of time, an increasing rate of culture
positivity was observed indicating streamlining of
laboratory procedures and workflow. Clinical
Microbiology has a well-earned reputation for
unpredictability & the Mycology section advocates
this dictum. [17,18]. Most of the culture positives
were obtained from tissue samples and corneal
scrapings followed by respiratory samples, skin &
appendages, pus and CSF. The ocular mycology
section was developed as 'Eye bank' and cornea
transplant facilities started at the institute in the
year 2019. Fungal growth was obtained in 31%
(34/110) corneal scrapings sent to the ocular
mycology section. [19,20]. Rare fungi like
Trichosporon (blood culture), Cladophialophora
bantiana (C. bantiana) (brain abscess), and
Scedosporium apiospermum (corneal scraping),
Wickerhamomyces anomalous (blood) were also
isolated.

T. dohaense was isolated from a case of T‑cell acute
lymphoblastic leukemia (T‑ALL) on hyper CVAD/MC
(hyper fractionated‑ cyclophosphamide, vincristine,
doxorubicin and dexamethasone/methotrexate)
chemotherapy. Patient succumbed to sepsis and
multiorgan failure owing to the highly invasive
fungal infection. [21-23] C. bantiana was isolated
from an immunocompetent individual diagnosed to
be a case of brain abscess post radical surgical
intervention. Amphotericin B and voriconazole were
added to the treatment.

But she gradually developed multiorgan failure and
succumbed to the fatal infection. The timely
diagnosis of these rare agents can prove to be
pivotal in the management of the patient.
Commoner isolates with otherwise grave and
protean manifestations, with high morbidity and
mortality, were also isolated. An immunocompetent
male was diagnosed with angio-invasive cerebral
aspergillosis, managed with right frontal craniotomy
and voriconazole was continued. The Patient was
well in nine months' follow-up and an imaging scan
showed complete resolution of the lesion. Another
male with uncontrolled diabetes was diagnosed with
Curvularia lunata rhinosinusitis with orbital cellulitis.
Imaging was indicative of orbital extension.

The Patient was subjected to extensive surgical
debridement, along with antifungals. Rhinosinusitis
was resolved; however, the loss of vision was
irreparable. The other opportunistic infections
because of Mucorales, Cryptococcus, and Non -
Albicans Candida were also reported. C. Auris was
also isolated from the blood culture of a young
female who underwent a Whipple’s procedure for
the carcinoma head of the pancreas. She was
successfully treated with caspofungin.

The scope of tests was also expanded to include
proteonomics-based MALDI-TOF-MS technique and
calcofluor white staining. [24-26].

Fusarium        19 19

Rhizopus      4 6  10

Rhizomucor       2  2

Mucor       3  3

Alternaria       3  3

Curvularia        4 4

Geotrichum        1 1

P. boydii        1 1

Cryptococcus     1    1

Total 26 25 6 18 1 9 25 34 144
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This is a preliminary hospital-based study to know
the magnitude of the repertoire of fungal infections
in the hospital and to identify the varied etiological
agents. More detailed multicentric prospective
studies considering the demographic data, risk
factors, occupation, and socioeconomic condition of
the Patient can be conducted.

Conclusion
To summarize, similar studies backed up by more
comprehensive laboratory investigations, including
serological tests, exoantigen tests and molecular
methods, are needed to estimate the actual burden
of fungal infections in tertiary care health facilities.
Improved diagnostic and therapeutic strategies,
evaluation of risk factors, and the development of
new methods for rapid diagnosis and monitoring
should help decrease the morbidity and mortality
associated with mycotic infections.

What does this study add to
existing knowledge?
There is a paucity of literature on this topic and this
will provide a basic idea about the prevalence of
fungal pathogens in a hospital setting. Besides the
use of MALDI-TOF-MS has revolutionized the
identification of rare fungi including moulds.
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