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Mucormyecosis is a rare but deadly fungal infection that affects immunocompromised
patients, particularly those with uncontrolled diabetes, excessive corticosteroid use, and
COVID-19. This study aimed to evaluate the sensitivity of modified potassium hydroxide-
lactophenol cotton blue (KOH-LPCB) staining for the identification of fungal species using
modified KOH-LPCB staining. One hundred fifty-three tissue samples from clinically suspected
mucormycosis cases were analyzed using KOH and KOH-LCPB mounts. Rhizopus spp. was the
most common fungal isolate, accounting for 48 of the 83 positive cases (57.8%). The modified
KOH-LCB method demonstrated a sensitivity of 92% for detecting fungal elements, making
it a valuable tool for early diagnosis in resource-limited settings. This study underscores the
significant association between mucormycosis and COVID-19, particularly in patients with
uncontrolled diabetes and recent corticosteroid use. In addition, two rare species, Cokeromyces
recurvatus and Syncephalastrum racemosum, were isolated. The presence of these rare species
emphasizes the need for comprehensive fungal diagnostics to aveid misdiagnoses.
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Mucormycosis is an uncommon but fatal
angioinvasive fungal disease caused by the fungal
mold of zygomycetes, order Mucorales' which
includes 12 genera: Mucor, Rhizopus, Rhizomucor,
Adsidia, and Cunninghamella. Actinomucor,
Apophysomyces, Cokeromyces, Lichtheimia,
Mycotypha, Saksenaea, Syncephalastrum, and
Thamnostylum. These fungi are ubiquitous
in the environment, particularly in soils and
in decaying organic matter. Approximately
47,500 fungal infections have been reported

in India®. Mucormycosis primarily affects
immunocompromised individuals, including
those with uncontrolled diabetes, malignancies, or
those undergoing immunosuppressive therapy. The
clinical presentation of mucormycosis can vary,
but it often involves the rhino-orbital-cerebral,
pulmonary, gastrointestinal, or cutaneous systems.
Early diagnosis and prompt antifungal treatment,
typically with amphotericin B, are crucial to
improve patient outcomes. The COVID-19
pandemic has led to a significant increase in
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mucormycosis cases, especially in India’. India
has approximately 70 times more COVID-19-
associated mucormycosis (CAM) than the rest of the
world*. Several factors contribute to this increase,
including the use of corticosteroids to manage
severe COVID-19, prolonged hospitalization, and
the presence of comorbidities such as diabetes
mellitus. India, which has one of the highest global
burdens of diabetes, has reported an alarming
surge in mucormycosis cases among COVID-19
patients. The first case of COVID-19-associated
mucormycosis was reported in Chile’. India has
been the leading cause of mucormycosis during
the second wave of COVID-19 due to delta strain®.
Mucormycosis is a severe opportunistic
infection with high fatality and mortality rates
that require prompt recognition and urgent
intervention’. The three major risk factors for
mucormycosis development are uncontrolled
diabetes mellitus, steroid use, and immune
system®. The outcomes associated with poor
glycemic control are worse even with aggressive
medical and surgical interventions. A study
conducted in India during the second wave of
COVID-19 revealed that most mucormycosis
cases occurred in males, with diabetes being the
predominant underlying condition. The clinical
presentation of mucormycosis in COVID-19
patients typically includes rhino-orbital-cerebral
involvement, characterized by symptoms such
as nasal congestion, facial swelling, headache,
and visual disturbances. Prompt diagnosis and
aggressive management, including surgical
debridement and antifungal therapy, are crucial for
improving the outcomes in these patients.
Cokeromyces recurvans (C .recurvatus)
is a lesser-known zygomycete that can cause
mucormycosis, although reports are rare. This
dimorphic fungus is known to cause infections
predominantly in immunocompromised
individuals. It has been isolated from lizards, soil,
and rodent excrement, as well as from humans.
There were only 14 instances of C .recurvatus
documented to date, with eight (57%) involving
the female vaginal tract”'’. In this instance, the
majority of gynecologic cases were unintentionally
discovered in asymptomatic patients. The other
samples were linked to C .recurvatus includes
lung, pleural, peritoneal, urine, and stool fluids, as
well as the fluid from an intra-abdominal abscess.

Both immunocompromised and immunocompetent
individual were affected by C .recurvatus, and
its presence can have a variety of pathological
consequences, starting with asymptomatic
instances.

Syncephalastrum racemosum (S.
racemosum) is a rare species of fungus belonging
to the order Mucorales. It is characterized
by broad, septate hyphae with branched
sporangiophores and mero sporangia containing
chains of sporangiospores. Although not
commonly pathogenic, S. racemosum has been
documented in various infections, particularly
in immunocompromised individuals'''2. Its
identification alongside other common
mucormycosis-causing fungi underscores the
diversity of fungal pathogens that can complicate
COVID-19 infections.

Although known fungal identification
methods are sensitive and specific, early diagnosis
of mucormycosis is crucial for initiating treatment
before culture results are available, especially
in resource-limited settings. This study aimed
to evaluate the sensitivity and identification of
mucormycosis fungi using modified potassium
hydroxide-lactophenol cotton blue (KOH-LPCB)
staining. In addition, it seeks to identify rare fungal
species and assess their impact on health.

MATERIALS AND METHODS

Study Design

This Laboratory-based observational
study was conducted in a tertiary care hospital to
identify the fungal species causing mucormycosis
in COVID-19 patients from May 2021 to December
2021. One hundred and fifty-three tissue samples
received in the Microbiology laboratory from
the patients presented with one or more of the
following symptoms: headache, loss of vision,
maxillary sinusitis, headache, facial cellulitis,
necrosis of palatal bone/mucosa (clinically
suspected mucormycosis cases) were analyzed.
Sample Collection

Tissue samples were obtained from
patients diagnosed with COVID-19 who presented
with symptoms indicative of mucormycosis.
Samples included biopsy tissues from the nasal
cavity, sinuses, orbital region, and brain collected
from three departments: ENT, Ophthalmology,
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and Microbiology. Samples taken from known
cases of previous COVID-19 infection or their
reverse transcriptase polymerase chain reaction
(RT-PCR) COVID-19 test upon admission revealed
positive results. All the patients were treated with
corticosteroids as part of the standard blanket
Covid-19 drug regime.

KOH Mount

Tissue from patients was added to 10%
KOH and incubated for 24 h in a sterile test tube.
Then a drop of tissue material with 10% KOH from
the tube was added to a glass slide covered with a
coverslip and viewed under low power (10x) and
high power (40x) under a microscope.

Modified KOH-LPCB mount

Tissue from patients was added to 10%
KOH and incubated for 24 h in a sterile test tube. A
drop of tissue material with10% KOH from the test
tube was placed on a glass slide and a drop (50p1)
of lactophenol cotton blue (LPCB) was added to
it, covered with a coverslip and incubated for 10
min to increase the sensitivity of the test. The glass
slide was then examined under low power (10x)
and high power (40x) under a microscope. Colonies
had a woolly or cottony texture, with distinct radial
grooves.

Isolation and identification

Tissue samples were inoculated on
Sabouraud dextrose agar. Organisms were
identified based on the colony characteristics of
each fungus®.

Fungal Examination

Stained samples were examined under
a microscope for the presence of fungal hyphae.
Morphological characteristics such as hyphal
width, branching pattern, and spore formation were
used to identify fungal species’.

Mucor spp.

KOH Mount: Broad, non-septate hyphae
with irregular branching.

Hyphae appear ribbon-like and often
folded.

Modified KOH (KOH-LPCB): Hyphae
stained blue, providing clearer visualization.
Sporangiophores with terminal sporangia
containing sporangiospores were visible.

SDA Colony Description: Rapid growth,
quickly filling the Petri dish in a few days. The
colonies were initially white, becoming gray to
brownish with age.

Fluffy or cottony texture with radial
grooves.
Rhizopus spp.

KOH Mount: Broad, non-septate hyphae
with right-angle branching. The presence of
rhizoids (root-like structures) and sporangiophores.

Modified KOH (KOH-LPCB): Blue-
stained hyphae with distinct sporangiophores.
Spherical sporangia containing sporangiospores
at the tips of sporangiophores

SDA Colony Description: Rapid growth,
quickly filling Petri dish. The colonies were
initially white, turning gray or yellowish-brown
with age.

Dense, woolly, or cottony texture.
Rhizomucor spp.

KOH Mount: Broad, sparsely septate
hyphae with irregular branching. Presence of
sporangiophores with sporangia at tip.

Modified KOH (KOH-LPCB): Hyphae
stained blue, sporangiophores and sporangia were
more easily visualized.

Sporangia are often smaller compared to
Rhizopus.

SDA Colony Description

Rapid growth with colonies filling the
dish.

Colonies are white, turning grayish with
age.

Fluffy or cottony texture, similar to Mucor
and Rhizopus but often more compact.
Cokeromyces recurvatus
KOH Mount

Broad, sparsely septate hyphae with
unique recurved (curved back) sporangiophores.

Presence of sporangia at the tips of
recurved sporangiophores.

Modified KOH (KOH-LPCB)

Blue-stained hyphae with distinctly
recurved sporangiophores.

Sporangia and sporangiospores are more
easily visualized.

SDA Colony Description

Moderate growth rate.

Colonies are initially white, turning grey
or brown with age.

Colonies have a velvety or woolly texture
with distinct zones of growth.
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Syncephalastrum racemosum
KOH Mount

Broad, septate hyphae with branched
sporangiophores.

Presence of mero sporangia containing
chains of sporangiospores.
Modified KOH (KOH-LPCB)

Blue-stained hyphae with clearer mero
sporangia.

Chains of sporangiospores are more
distinctly visible.
SDA Colony Description

Rapid growth with colonies filling the
dish.

Colonies are white, turning gray to black
with age.

RESULTS AND DISCUSSION

Candida and Aspergillus were the
common fungus associated with COVID-19.

Table 1. Distribution of fungus from samples

S.No Fungal isolate Number of strains
1 Mucor spp. 22
2 Rhizopus spp. 48
3 Rhizomucor spp. 6
3 Aspergillus fumgiatus 5
4 Cokeromyces recurvatus 1
5 Syncephalastrum racemosum 1
Total 83
”~ - "
.
-y
-
o
"

KOH Mount with LPCB*
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However the increase in the incidence of the
“Black fungi” was alarming due to its invasiveness,
morbidity, and mortality. It is most common in
immunocompromised conditions where there is
malfunctioning of macrophages like in the case
of diabetes, transplant recipients, malignancies,
etc. The data presented in Table 1 showed the
presence of Mucor 22(26.5 %), Rhizopus spp. 48
(57.8 %), Rhizomucor spp. 6 (7.2 %), Aspergillus
Sfumigatus 5 (6 %), Cokeromyces recurvatus 1
(1.2 %), Syncephalastrum racemosum 1 (1.2 %)
and the corresponding figures highlight several
important findings regarding the incidence and
identification of fungal species in COVID-19-
associated mucormycosis cases.

Demographics: Eighty-three patients with
suspected mucormycosis were included in the
study. The majority were males (60%) with a mean
age of 55 years similar to few study'®. A significant
number of patients had underlying conditions such
as diabetes mellitus (75%), recent corticosteroid
use (65%), and COVID-19 infection (100%).

Predominance of Rhizopus spp: Of
the 153 samples analyzed, 83 (54.24%) yielded
fungal growth, while 70 (45.75%) showed no
growth. The distribution of fungal isolates is
summarized in Table 1: Mucor spp.: 22 isolates
(26.5%), Rhizopus spp.: 48 isolates (57.8%),
Rhizomucor spp.: 6 isolates (7.2%), Aspergillus
Sfumigatus: 5 isolates (6.0%), C .recurvatus: one
isolate (1.2%), S .racemosum: one isolate (1.2%).
The most common fungal isolate was Rhizopus
spp., which accounted for 48 of 83 positive cases

"KOH Mount

Fig. 1. Microscopic observations in KOH and modified KOH-LPCB mounts showed broad, aseptate hyphae
typical of mucormycosis
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Fig. 2. Microscopic identification of rare species, Cokeromyces recurvatus, and Syncephalastrum racemosum in
KOH-LPCB mount

(57.8%). This aligns with the literature>!>1617.18
which has identified Rhizopus as a leading cause
of mucormycosis in immunocompromised patients,
particularly those with uncontrolled diabetes and
those undergoing corticosteroid therapy.

Efficacy of KOH and Modified KOH-
LPCB Mounts: Figure 1 illustrates the use of KOH
and modified KOH-LPCB mounts for detecting
broad aseptate hyphae, which are characteristic of
mucormycosis. The modified KOH-LPCB method
demonstrated similar sensitivity to calcofluor
staining, making it a valuable tool for early
diagnosis in resource-limited settings. The KOH-
LPCB method demonstrated a sensitivity of 92%
for detecting fungal elements. The KOH-Calcofluor
White stain had a sensitivity of 95%. Both methods
were effective; however, the KOH-LPCB method
was preferred because of its simplicity and cost-
effectiveness.

Identification of rare species: This study
identified two rare fungal species, C .recurvatus
(figure 2) and S .racemosum (figure 2), each isolated
in one case. The presence of these rare species
emphasizes the diversity of fungal pathogens that
can complicate COVID-19'!| suggesting the need
for comprehensive diagnostic approaches to avoid
misdiagnosis.

Clinical correlation with COVID-19:
The discussion notes a higher incidence of
mucormycosis in male patients (68.7%) than in
female patients (31.3%), which is consistent with

other studies 2 showing a higher prevalence of
invasive fungal diseases in males. Furthermore,
the overwhelming majority of patients (97.9%)
had diabetes, underscoring the role of diabetes as
a significant risk factor for mucormycosis in the
context of COVID-19.

Impact of corticosteroid therapy: All
patients with mucormycosis received corticosteroid
therapy as part of their COVID-19 treatment
regimen. This finding is in concordance with
multiple studies that have identified corticosteroid
use as a major risk factor for mucormycosis in
COVID-19 patients?.

Geographical and Temporal Trends:
The study highlights the surge in mucormycosis
cases during the delta variant wave of COVID-19
in India?’. This geographical and temporal
correlation indicated that specific strains of the
virus may have a higher propensity to cause severe
immunocompromised states conducive to fungal
infections.

CONCLUSION

This study highlights the significant
incidence of mucormycosis among COVID-19
patients, particularly those with uncontrolled
diabetes and recent corticosteroid use. Identification
of rare fungal species such as C .recurvatus and S
.racemosum has expanded the known spectrum
of pathogens that cause mucormycosis. The
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modified KOH-LPCB method is an effective and
practical tool for rapid diagnosis of mucormycosis
in resource-limited settings. Vaccination plays a
crucial role in reducing the incidence of COVID-19
and its associated complications, including
mucormycosis. Identifying rare fungal species
emphasizes the need for comprehensive fungal
diagnostics.
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