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A B S T R A C T

Background and Objective: This study is conducted with an aim to Diagnosis of invasive Mucormycosis
on Histopathological examination at a tertiary referral hospital. Rhino cerebral Mucormycosis is the current
life-threatening infection commonly affecting immunocompromised patients especially post COVID-19
within 6 weeks having poor glycemic control, Intravenous drug users, ICU patients, post chemotherapy,
iron overload, persistent neutropenia and follow-up cases of hematological malignancies. It affects the nasal
and paranasal sinuses by air-borne spores producing the infection. A prospective case series conducted at
the department of pathology, KAMSRC ‘between’ May 1st to September 30th 2021 with a study population
of 27 cases. Variables included age, gender, and history of covid, duration and development of symptoms,
Clinical presentation, clinical diagnosis, co-morbidities, histopathological examination and microbiological
correlation. The most prevalent isolated agent is Mucor (48.1%) followed by Rhizopus (18.5%), Aspergillus
(11.1%) and mixed mucor with aspergillus (11.1%).
Materials and Methods: A prospective case series conducted at the department of pathology, KAMSRC,
reported 27 cases of post covid-19 Mucormycosis aged 30-68 years. Clinical features at presentation
included unilateral facial pain with proptosis (80%), loss of vision, headache, nasal crusting, Cough with
dyspnea and mild fever. All cases were admitted in ICU with severity in symptoms with 7 deaths recorded
during treatment (25.9%).
Results: Immunofluorescence with Robin blue/Calcofluor white stainfor fungal elements was also
combined to highlight Mucor species.Fungal cultures were diagnostic for fungal elements obtained after
48hrs on Sabouraud’s/Potato dextrose agar(SDA/PDA). Three cases were negative for fungal elements
withonly dense mixed inflammatory infiltrate admixed necrosis. Correlation with KOH mount & fungal
culture on SDA/PDA showed 13 cases of mucor, 5 cases of rhizopus, 3 cases of aspergillus & 2 cases
of mucor with aspergillus growth, 3 cases were negative with no fungal growth. Also correlated with the
microbiology department where nasal crusting and nasal tissue was obtained for fungal elements for KOH
wet mount and fungal culture. KOH wet mount microscopy revealed Broad aseptate hyphae with wide
angle branching suggestive of Mucormycosis. Simultaneous analytical study of CBP showed raised total
WBC counts in 4 individuals (19,620-24,670 cumm) with others having normal CBC.CRP was in the range
of 32-68mg/dl with ESR 35-98 mm/hr.
Conclusion: Understanding the mechanism of host innate immunity and specific preventive strategies are
important for favorable prognosis. Histopathological examination aids in early diagnosis of Mucormycosis.
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1. Introduction

Mucor is the most common genus causing human
mucormycetes in most cases followed by rhizopus &
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lichtheimia. It is associated with significant lymphopenia,
long-term neutropenia, malnutrition, intravenous drug use
and non-judicious use of corticosteroids.1

Zygomycosis referred to as Mucormycosis is caused
by class phycomycetes. Mucormycosis commonly affects
the nasal and paranasal sinuses, upper respiratory tract,
lungs, angio-invasion and brain. Usually air-borne spores
contaminate food and lab specimens producing infections.
Mucor species include Mucor, Rhizopus, Rhizomucor,
Lichtheimia, Cunningham ella.

Mucorales hyphae are non-septate or pauci-septate with
a variable width of 6-16microns. To confirm the diagnosis
tissue sections are stained with Hematoxylin & Eosin (H
& E), PAS and GMS stain.1 Patients present with clinical
features of Periorbital edema, blurring of vision, nasal/para-
nasal congestion, crusting, dyspnea, cough, mild fever.2

There are reports of cases in literature with mucormycosis in
poorly controlled diabetes mellitus while post covid invasive
mucormycosis is the subject of interest due to its aggressive
invasiveness & rapid mortality.3 Increase in the fungal
biomass due to implanted fungal spores in the oral & nasal
mucosa is the probable mode of infection thus influencing
PMNs damage.4

Early clinical and lab diagnosis is the need of the
hour with rational use of antifungal and broad spectrum
antimicrobial treatment. Poor prognosis is indicated in cases
with Iron overload & persistent neutropenia.5 Mortality
accounts to 30-70% due to angioinvasion with complete
cut off of blood supply, thrombosis, tissue infarction &
extensive necrosis.3,5

Imaging findings on MRI with contrast gadolinium scan
shows hyperdense foci within left ethmoid and sphenoid
sinuses with orbital extension.6 Microscopic examination
shows respiratory epithelial lining with stroma showing
fungal elements in the form of broad aseptate hyphae
with wide angle branching, fungal granulomas, foreign-
body giant cells dense mixed inflammatory infiltrate
with predominant eosinophils and neutrophils admixed
areas of necrotic tissue. Gomori’s silver methenamine
stain highlights black pigmented Broad aseptate hyphae.
Additional confirmatory method by Immunofluorescence
with Robin blue/Calcofluor white stain for fungal elements
also reveals Mucor species.

Fungal cultures are diagnostic for fungal elements
obtained after 48hrs on Sabouraud’s/Potato dextrose agar.

The present study aims to Evaluate histopathological
diagnosis and microbiological evidence in clinically
diagnosed mucormycosis in post covid patients.

2. Materials and Methods

A prospective case series conducted at the department of
pathology, KAMSRC between May 1st to September 30th,
2021 reported 27 cases of post covid-19 Mucormycosis
aged 30-68 years. Clinical features at presentation included

unilateral facial pain with proptosis (80%), loss of vision,
headache, nasal crusting, Cough with dyspnea and mild
fever. All cases were admitted in ICU with severity in
symptoms with 7 deaths recorded during treatment (25.9%).

2.1. Data collection

Initial data regarding the patient details- Age, gender,
clinical presentation, history of covid, duration and
development of symptoms, diagnosis, other comorbidities
, imaging findings, microbiological culture report and
histopathological examination & correlation were collected.

2.2. Statistical data

Qualitative variables were described in numbers and
percentages and Quantitative variables as mean and standard
deviation.

3. Results

The age range was 30-68 years with a mean age of 49 years.
In the current study, Male: Female ratio was 7:2 that is males
were 21(77.7%) and females were 6 (22.2%) (Table 1).

Before mucormycosis was identified history of COVID
was seen in all the 27 cases and history of diabetes was
present in 17 (62.9%) with 6 young patients (22.2%)
developing denovo DM. 15 patients (55.5%) were on
oral/IV steroids with hyperbaric oxygen therapy.

The most common clinical presentation was unilateral
facial pain with proptosis (80%) followed by loss of vision,
headache and nasal crusting.

Table 1: Characteristics of data collected

Gender n
Male 21
Female 6
Age (in years)
30-39 6
40-49 13
50-59 5
60-69 3

The minimum time interval between post COVID and
clinical presentation of symptoms of mucormycosis is 2-3
weeks. Maximum number of cases were noted in the 3-4
weeks. No cases were recorded immediately after COVID
recovery (Figure 2).

On Imaging, 18 cases showed non-enhancement
of (avascular) left half of medial & superior nasal
turbinates with mucosal thickening. Four cases showed left
cavernous sinus involvement with bony erosions & enlarged
masticatory muscles [Figure 1].

The most prevalent factors were poorly controlled
diabetes mellitus, oral/intravenous steroids, raised serum
ferritin, IV drugs in ICU patients, Steroid therapy and
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Table 2: Time interval of development of mucormycosis post
COVID

Time interval of mucormycosis
Post covid

No. of cases

1 Immediately 0
2 2-3 weeks 4
3 3-4 weeks 21
4 >4 weeks 2

neutropenia (Table 3). Most cases had a history of type
2 diabetes mellitus while very few cases (n= 2/27) had
neutropenia.

Table 3: Comorbidities causing immunocompromised state

S.No. Comorbidities No. of cases
1 Poorly controlled T2DM 23
2 IV drug therapy 15
3 Raised serum ferritin 15
4 History of ICU admission

during COVID
27

5 Neutropenia 2
6 Steroid therapy 15

Commonest site for biopsy was from the nasal cavity
followed by maxillary sinuses and ethmoid sinuses.

Grossly we received multiple grey white to brown soft
tissue bits measuring 2x1 cm along with bony fragments
(mostly from ethmoid sinus). All embedded in 2 tissue
cassettes. Out of 27 cases sent for histopathology diagnosis,
13 cases (50%) showed broad aseptate and branching
hyphae consistent with mucormycosis on H & E and GMS
stain.

Histopathological examination (HPE) on hematoxylin
and eosin stained (H & E) tissue sections showed broad,
aseptate hyphae with irregular wide angle branching in
13 cases (48.1%) positive for invasive mucormycosis
involving the ethmoid bone followed by 5(18.5%) positive
for rhizopus, 3(11.1%) mixed mucor with aspergillus and
3(11.1%) of aspergillus. Also seen were dense inflammatory
infiltrates composed of eosinophils, neutrophils, histiocytes,
lymphocytes, Fungal granulomas and dense foci of necrosis
[Figure 2].

Table 4: Microscopic results on histopathological evaluation with
H & E stain

S.No. Impression No. of
cases

1 Mucor 13
2 Rhizopus 5
3 Mixed mucor and aspergillus 3
4 Aspergillus 3
5 Negative with only inflammation 3

Table 4 shows Mucor is the most common etiological
agent. KOH Wet mount study also correlated with HPE.

On Gomori’s silver methenamine stain characteristic
black pigmented broad aseptate hyphae few broken hyphae
with wide angle branching were seen[Figure 3].

Immunofluorescence with Robin blue/Calcofluor white
stain for fungal elements was also combined to highlight
Mucor species. Fungal cultures were diagnostic for fungal
elements obtained after 48hrs on Sabouraud’s/Potato
dextrose agar (SDA/PDA). Three cases were negative
for fungal elements with only dense mixed inflammatory
infiltrate admixed necrosis. Correlation with KOH mount
& fungal culture on SDA/PDA showed 13 cases of mucor,
5 cases of rhizopus, 3 cases of aspergillus & 2 cases of
mucor with aspergillus growth, 3 cases were negative with
no fungal growth.

Also correlated with the microbiology department where
nasal crusting and nasal tissue was obtained for fungal
elements for KOH wet mount and fungal culture. KOH
wet mount microscopy revealed Broad aseptate hyphae
with wide angle branching suggestive of Mucormycosis.
Simultaneous analytical study of CBP showed raised total
WBC counts in 4 individuals (19,620-24,670 cumm) with
others having normal CBC.CRP was in the range of 32-
68mg/dl with ESR 35-98 mm/hr.

Fig. 1: MRI with contrast gadolinium showing hyper dense lesion
in ethmoid & sphenoid sinuses with orbital extension.
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Fig. 2: A: H & E (40X) shows broken broad aseptate
hyphae invading the ethmoid bone; B: Fungal hyphae admixed
inflammation & necrosis; C & D: Mixed mucor and aspergillus
on H & E and GMS stains.

Fig. 3: A: Wet KOH mount shows Mucor; B: Fungal culture shows
black fungal growth; C: Immunofluorescence shows fluorescent
broad aseptate hyphae.

4. Discussion

The global burden of mucormycosis is highest in India.
Although it is extremely rare in healthy individuals but
severely immunocompromised conditions predispose it.
Rhino-orbital cerebral mucormycosis is an opportunistic
fulminant invasive fungal infection with risk of
angioinvasion leading to vascular thrombosis & tissue
necrosis. Diabetes is the most common comorbidity in
mucormycosis accounting to 73.5% in India.7

Most common presentation in our study was unilateral
facial pain with proptosis in 80% patients. In the Badie et
al study, the most common presentation was hematological
disorders (57.2%) followed by diabetes (21.4%).4

In our study diabetes was associated with 85.1% (69.5%
T2DM and 22.2% denovo DM). Our patients developed
symptoms within 3-4 weeks of covid-19 positivity. Six
young adults aged 30-37 years were diagnosed with denovo
diabetes.

In Nashibi et al study (85%) and in Hammond et al
(36%), diabetes mellitus was the most frequent underlying

disease.4

Mode of infection is the implantation of fungal spores
in middle turbinate in persons with defective mucociliary
transport which cause increase in fungal biomass. The host
immune system and portal of fungal entry is responsible
for the type of presentation. Recent studies have observed
that COVID-19 infected patients who are treated with
widespread broad spectrum antibiotics and steroid therapy
recovered after secondary bacterial or fungal infections in
8%.7,8

The most common etiological agent in our study
was mucor followed by rhizopus and aspergillus. The
commonest fungi isolated in Prakash H et al was rhizopus
(51.9%) followed by mucormycosis.9

MRI with contrast gadolinium allows better visualisation
depending on the signal intensity due to uptake of iron,
zinc and manganese by the fungal elements. Fungal hyphae
involving nerves & vessel wall lead to extensive perineural
& cavernous sinus invasion.6,10 In our imaging study
18 cases showed non-enhancement of (avascular) half of
medial & superior nasal turbinates with mucosal thickening.

Pathological hallmark of mucormycosis on HPE are
the aseptate broad right or wide angle branching
hyphae admixed eosinophilic necrosis, foreign body
giant cells, invasion into adjacent bony fragments and
angioinvasion.8,11

Increase in Mucormycosis in the Indian context appears
to be due to the intersection of diabetes, rampant use of
corticosteroids and covid-19 (Cytokine storm, lymphopenia
endothelial damage).12,13

Microbiological evaluation with KOH Wet mount and
Fungal cultures were done for all the cases. But culture
is time consuming and needs 3-5 days for identification
of isolated fungi and may be negative for few specimens.
In a review of 929 cases on mucormycosis only 15% had
positive culture results. In our study fungal cultures were
negative in 3/27 cases (11.1%) and were delayed upto 5 days
in 6/27 (22.2). Immunofluorescence study also correlated
with HPE results.

Mortality rate in the current study was 25.9% (n=7/27)
in a study period of 5 months. In a study conducted by
Mishra et al, the mortality rate was 12.5% (n=4/32).9 In
review of literature the overall mortality of rhino cerebral
mucormycosis in patients with DM was 40-50%.10,14,15

In Bhat et al in all the cases studied WBC count was
increased but in our study only 4 showed increased WBC
count.16

New strain of COVID is associated with increased
mucormycosis due to poor glycemic control, probably
due to ACE-2 receptor inhibition in pancreas and raised
serum ferritin levels. Gold standard for diagnosis are
Isolates of sterile samples sent for fungal culture &
histopathology.11,17 All mucorales grow rapidly 3-5 days
on either Sabouraud or potato dextrose agar incubated
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at 25-30 degrees centigrade.13,18 A study by Jain et al
reported a unique presentation of invasive gastrointestinal
mesenteric mucormycosis resulting in mesenteric ischemia
with bowel gangrene.19 Our cases did not report any
mesenteric ischemia or mucor. In a study by Salehi M et
al, Formalin fixed samples have Sensitivity of 56% and
specificity of 100%.20

5. Conclusion

Overall prognosis is poor if predisposing underlying
disease cannot improve as surgical interventions are not
feasible. Understanding the mechanisms of innate host
response is important for favourable outcome. Preventative
strategies need to be reinforced. ICMR recommended
multidisciplinary team approach for early diagnosis and
management is highlighted. No proven mucormycosis
in asthmatics on inhaled corticosteroids. Although
immunogenicity is attenuated, Vaccination is recommended
for immunocompromised individuals. Histopathological
examination and fungal culture are the gold standard tests
for early diagnosis of mucormycosis.
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