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been associated with a wide range of  opportunistic bacterial 
and fungal infections. Over the worldwide, COVID-19 
pandemic is a major health problem. The clinical features 
of  COVID-19 patients are ranging from mild diseases 
(having flu-like symptoms) to severe life-threatening lung 
involvement with multiorgan failure.[1] Despite being more 
than 2 years into this pandemic, the definitive treatment 
of  COVID-19 is continuous to be controversial. However, 
systemic steroids have shown some survival benefits. On 
the other side, overuse of  glucocorticoids has potentially 
resulted in secondary bacterial and fungal infections.[2]

INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has 
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Abstract
Introduction: Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has been associated with a wide range of opportunistic bacterial and fungal infections. Over the worldwide, COVID-19 
pandemic is a major health problem. Due to the associated comorbidities (diabetes mellitus and chronic obstructive pulmonary 
disease) and immunocompromised conditions (corticosteroid therapy, ventilation, and intensive care unit stay), these patients 
are prone to develop severe opportunistic infections. On the other side, over use of glucocorticoids has potentially resulted in 
secondary bacterial and fungal infections. With SARS-CoV-2, Mucormycetes, Aspergillus, and Candida have been reported 
as the main fungal pathogens for coinfection in people with COVID-19.

Aims: The aims of the study were as follows: (1) To study the morphologic feature of various invasive fungal infections in 
COVID-19 cases, (2) to study the age- and sex-wise distribution and association with risk factors, and (3) to correlate the 
histopathological findings with culture-based diagnosis.

Materials and Methods: In our hospital, we retrospectively analyzed data of patients diagnosed as having invasive fungal 
infection associated with COVID-19 patients from March 2021 to September 2021. Histopathology and microbiology registers 
and random rare case documentation by clinical department were searched. Case details of patients who were diagnosed as 
invasive fungal infection associated with COVID-19 patients were reviewed.

Results: In the present study, 28 cases have been taken who admitted in Civil Hospital, Gandhinagar, and underwent surgery 
and their biopsy received in the histopathology department from March 2021 to September 2021. The diagnosis in all cases 
was confirmed by histopathological confirmation and/or culture from sterile sites.

Conclusion: Uncontrolled diabetes and overzealous use of steroids in COVID-19 management can also suppress immunity, allowing 
opportunistic fungal infections to colonize which might aggravating the illness, and both of these must be properly checked. Histopathology 
is a gold standard for diagnosing fungal infections and for their further management. All efforts should be made to judicious evidence-
based use of corticosteroids in patients with COVID-19 which is recommended to reduce the burden of fatal mucormycosis.
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This increased incidence of  secondary infections may also 
be attributed to preexisting morbidities such as poorly 
controlled diabetes mellitus, lung diseases, malignancy, 
and the immunocompromised state. In the early part 
of  the pandemic, <1% of  secondary infections were 
fungal.[3] Usually, bacterial infections are the most common 
cause of  secondary infection in COVID-19 but recent 
reports of  a rise in systemic fungal infections, particularly 
invasive mold, in India have raised a lot of  concern. 
In the general population, in the pre-COVID era, the 
incidence of  mucormycosis is very low, varying from 
0.005 to 1.7/million.[4] Lesson learned from 2003 shows 
that there was a high probability of  increased incidence 
of  fungal infection in SARS-CoV affected or recovered 
patients, like the finding being seen now with SARS-CoV-2. 
Mucormycetes, Aspergillus, and Candida have been reported as 
the main fungal pathogens for coinfection in people with 
COVID-19.[5] Most cases of  mucormycosis in people with 
COVID-19 have been increasingly reported worldwide, in 
particular from India.

Due to the associated comorbidities (e.g., diabetes 
mellitus and chronic obstructive pulmonary disease) and 
immunocompromised conditions (e.g., corticosteroid 
therapy, ventilation, and intensive care unit stay), these 
patients are prone to develop severe opportunistic 
infections. There are reports of  the development of  severe 
opportunistic infections such as oropharyngeal candidiasis, 
Pneumocystis jiroveci pneumonia, pulmonary aspergillosis, 
bloodstream Candida infections, and mucormycosis in 
patients affected with COVID-19 disease.[6] There are 
many cases of  rhinosinus, rhino-orbital, and isolated case 
reports of  rhinocerebral mucormycosis in COVID-19 
disease.[6] Diagnosis is generally based on signs and 
symptoms, microscopy, culture, histopathological biopsy, 
and the aid of  medical imaging.

Aims and Objectives
The aims of  the study were as follows:
1) To study the morphologic feature of  various invasive 

fungal infections in COVID-19 cases.
2) To study the age- and sex-wise distribution and 

association with risk factors.
3) To correlate the histopathological findings with 

culture-based diagnosis.

MATERIALS AND METHODS

Our hospital is a tertiary care hospital with all 
subspecialties except oncology. We retrospectively 
analyzed data of  patients diagnosed as having invasive 
fungal infection associated with COVID-19 patients 
from March 2021 to September 2021. Histopathology 

and microbiology registers and random rare case 
documentation by clinical department were searched. 
Case details of  patients who were diagnosed as invasive 
fungal infection associated with COVID-19 patients 
were reviewed. The diagnosis in all cases was confirmed 
by histopathological confirmation and/or culture from 
sterile sites. Patients with a histopathology report 
of  broad, predominantly aseptate and occasional 
pauciseptate, thin-walled broad, ribbon-like, irregular 
with r ight-angled branching fungal  hyphae of  
mucormycosis, and/or a microbiology report of  
Zygomycetes or Mucor from a biopsy specimen were 
included in the study. Thin, septate with acute-angled 
branching hyphae of  Aspergillus and/or a microbiology 
report from a biopsy specimen were included in the 
study. Records of  all patients were reviewed regarding 
the following parameters: Demographic data, underlying 
risk factors, culture results, and histopathology reports.

Tissue samples submitted for histopathology were fixed 
with 10% formalin for 24 h, routinely dehydrated and 
embedded with paraffin, 4 μM sections were serially cut 
on albumin-coated slides and stained by hematoxylin and 
eosin, periodic acid–Schiff  stain, and 10% KOH mount. 
In culture, colony growth on Sabouraud dextrose agar was 
studied. Lactophenol cotton blue stain was done in biopsies 
of  received histopathology specimens for the confirmation 
and typing of  fungal hyphae. KOH microscopy and 
culture: Tissue was examined in 20% KOH. Culture was 
done on Sabouraud dextrose agar with chloramphenicol 
and incubated at 25°C and 37°C, respectively, and was 
examined until 28 days.

RESULTS

In the present study, 28 cases have been taken who admitted 
in Civil Hospital, Gandhinagar, and underwent surgery and 
their biopsy received in the histopathology department 
from March 2021 to September 2021.

According to histopathological diagnosis, 22 cases out of  
28 cases had diagnosed as mucormycosis, six cases out of  
28 cases had aspergillosis, and one case out of  28 cases 
had candidiasis [Graph 1].

Out of  28 cases, 22 (79%) cases of  male and 6 (21%) 
cases of  female were found having fungal infection on 
histopathology and microbiology reports. Males are 
more prone to fungal infection in COVID-19 infection 
[Graph 2].

The common age group of  the patients was 60–69 years 
followed by 40–59 years [Graph 3].
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Out of  28 cases, 22 patients had rhinosinus involvement, 
five patients had rhino-orbital involvement, and one patient 
had rhinocerebral involvement [Table 1].

According to different comorbidities in association with 
fungal infection in COVID-19 patients shown in Table 2, 
among those, diabetes mellitus is the main risk factor in 
22 cases (78%) where 13 out of  all cases had hypertension 
(46%) and 5 cases (18%) had chronic lung diseases.

Fungal hyphae of  mucormycosis – broad, ribbon-like, 
irregular, and aseptate with right-angled branching hyphae 
are seen on histopathology examination.

Hyphae of  Aspergillus – Thin, septate with acute-angled 
branching hyphae are seen on histopathology examination.

Among 22 cases of  mucormycosis, 22 cases had positive 
histopathological finding whereas 20 cases having positive 
culture reports and 16 cases had positive KOH findings. 
Among 6 cases of  aspergillus, 6 cases had positive 
histopathological finding whereas 5 cases having positive 
culture reports and 3 cases had positive KOH findings. So 
these show that histopathological finding are more sensitive 
than culture report and KOH findings [Table 3].

DISCUSSION

Although mucormycosis is an extremely rare disease 
in healthy individuals, in several immunocompromised 
patients, it commonly occurs. This mucormycosis includes 
uncontrolled DM with or without DKA, hematological 
and other malignancies, organ transplantation, prolonged 
neutropenia, immunosuppressive and corticosteroid 
therapy, iron overload or hemochromatosis, deferoxamine 
or desferrioxamine therapy, voriconazole prophylaxis 
for transplant recipients, severe burns, acquired 
immunodeficiency syndrome, intravenous drug abusers, 
malnutrition, and open wound following trauma. 
Mucormycosis can involve nose, sinuses, orbit, central 
nervous system (CNS), lung (pulmonary), gastrointestinal 
tract (GIT), skin, jaw bones, joints, heart, kidney, and 
mediastinum (invasive type), but ROCM is the most 
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Table 2: Different comorbidities in association with 
fungal infection in COVID‑19 patients
Comorbidities Number of cases
Diabetes 22 (78%)
Hypertension 13 (46%)
Chronic lung disease 5 (18%)

Table 1: Different common sites of fungal infection 
in COVID‑19 patients
Site of involvement Number of cases
Rhinosinus 22
Rhino-orbital 5
Rhinocerebral 1

Table 3: Correlation of histopathological findings 
with culture reports and KOH microscopy of 
mucormycosis and aspergillosis

Mucormycosis Aspergillosis
Histopathological finding 22 6
Culture report 20 5
KOH microscopy 16 3
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common variety seen in clinical practice worldwide.[7] It 
should be noted that term ROCM refers to the entire 
spectrum ranging from limited sinonasal disease (sinonasal 
tissue invasion), limited rhino-orbital disease (progression 
to orbits) to rhino-orbital-cerebral disease (CNS 

involvement).[8] The area of  involvement may differ due 
to underlying condition. For example, ROCM is frequently 
observed in association with uncontrolled diabetes and 
DKA, whereas pulmonary involvement is often observed 
in patients having neutropenia, bone marrow and organ 
transplant, and hematological malignancies, while GIT 
gets involved more in malnourished individuals. Giant 
cell invasion, thrombosis, and eosinophilic necrosis of  
the underlying tissue are the pathological hallmark of  
mucormycosis. Microbiological identification of  the hyphae 
based on diameter, presence or absence of  septa, branching 
angle (right or acute branching), and pigmentation 
differentiates it from other fungal infections.

Fungal hyphae of  mucormycosis – broad, ribbon-like, 
irregular and aseptate with right-angled branching hyphae 
are seen on histopathology examination and on KOH 
mount. [Figures 1 and 2] Mucor on LPCB staining show 
broad aseptate hyphae with extension of  columella into 
sporangium and aggregation of  sporangiospores [Figure 
3]. Mucor shows lid lifter pattern black coloured colony 
grows on the Sabouraud dextrose agar culture [Figure 4]. 

Figure 1: Hematoxylin and eosin stain of mucormycosis

Figure 2: Positive 10% KOH mount mucormycosis

Figure 3: Lactophenol cotton blue stain mucormycosis

Figure 5: Hematoxylin and eosin stain of aspergillosis

Figure 4: Sabouraud dextrose agar culture of mucormycosis
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Hyphae of  Aspergillus – Thin, septate with acute-
angled branching hyphae and fruiting bodies are seen on 
histopathology examination and on KOH mount [Figures 5 
and 6]. Aspergillus show yellow green powdery growth on 

the Sabouraud dextrose agar culture [Figure 7]. Aspergillus 
on LPCB staining show hyphae and fruiting structures a 
delicate blue with a pale blue background [Figure 8].

Number of  triggering risk factors that may precipitate 
mucormycosis in people with COVID-19 in relation to 
corticosteroids:
(i) Presence of  DM with or without DKA increases the 

risk of  contracting mucormycosis and DM is often 
associated with an increased severity of  COVID-19,

(ii) Uncontrolled hyperglycemia and precipitation of  
DKA are often observed due to corticosteroid intake. 
Low pH due to acidosis is a fertile media for Mucor 
spores to germinate. Moreover, steroid use reduces 
the phagocytic activity of  WBC (both first-line and 
second-line defense mechanism), causes impairment 
of  bronchoalveolar macrophages migration, ingestion, 
and phagolysosome fusion, making a diabetic patient 
exceptionally vulnerable to mucormycosis,

(iii) COVID-19 often causes endothelialitis, endothelial 
damage, thrombosis, lymphopenia, and reduction in 
CD4+ and CD8+ T-cell level and thus predisposes to 
secondary or opportunistic fungal infection,

(iv) Free available iron is an ideal resource for mucormycosis. 
Hyperglycemia causes glycosylation of  transferrin and 
ferritin, and reduces iron binding allowing increased 
free iron. Moreover, increase in cytokines in patients 
with COVID-19, especially interleukin-6, increases 
free iron by increasing ferritin levels due to increased 
synthesis and decreased iron transport. Furthermore, 
concomitant acidosis increases free iron by the same 
mechanism and additionally by reducing the ability of  
transferrin to chelate iron,

(v) High glucose, low pH, free iron, and ketones in 
the presence of  decreased phagocytic activity of  
WBC enhance the growth of  mucor. In addition, it 
enhances the expression of  glucose regulator protein 
78 of  endothelium cells and fungal ligand spore 
coating homolog protein, enabling angioinvasion, 
hematogenous dissemination, and tissue necrosis.

In our study of  28 cases, 79% are male and 21% are female 
which are showing similar data of  study by Singh et al.[9] showing 
more predominance of  fungal infection in male patients.

The common age group affected with fungal infection 
are 60–69 (39.28%), 50–59 (32.14%), and 40–49 (28.57%) 
which as similar as shown in a study by Selarka et al.[10] 
showing that fungal infection is common in middle age 
group (40–70 years).

Out of  28 cases, 22 cases (78.57%) are of  mucormycosis, 
6 cases (21.42%) are of  aspergillosis, and 1 case (3.57%) is of  
candidiasis. Mucormycosis is most commonly found in almost 

Figure 6: Positive 10% KOH mount of aspergillosis

Figure 8: LPCB stain of aspergillosis

Figure 7: Sabouraud dextrose agar culture‑positive 
aspergillosis
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all the cases, with rhinosinus presentation being its most 
common form. In the study of  Vaghasiya and Bhalodia,[11] 
mucormycosis was found to be the most common of  all 
types of  fungal infections in COVID-19 patient.

Preexisting diabetes mellitus was present in 78.57% of  cases 
and corticosteroid intake for the treatment of  COVID-19 
was recorded in all cases. Similar data were published by 
Prakash and Chakrabarti in his study.[12]

In our study, we got 22 cases of  mucormycosis and six cases 
of  aspergillosis by histopathological diagnosis which we 
have compared with culture report data showing 20 cases of  
mucormycosis and five cases of  aspergillosis culture positive 
and KOH microscopy shows 16 mucormycosis and three 
aspergillosis respectively(table-3). Similar data were published 
by Priyanka et al., [11] in her study. Mehta and Pandey[13] 
reported a single case of  a 60-year-old male with rhino-orbital 
mucormycosis associated with COVID-19 in September 
2020. Another such case report was published by Werthman-
Ehrenreich[4] in the same month. White et al.,14] studied 135 
adults with COVID-19 infection and reported an incidence 
of  26.7% for invasive fungal infections. Song et al.,[5] studied 
the association between COVID-19 and invasive fungal 
sinusitis in April 2020 and concluded that a large number 
of  patients affected by or recovered from COVID-19 are at 
increased risk of  developing invasive fungal diseases and gave 
a management algorithm for such cases. In a recent review, 8% 
of  coronavirus-positive or recovered patients had secondary 
bacterial or fungal infections during hospital admission, with 
widespread use of  broad-spectrum antibiotics and steroids. 
Yohai et al.,[15] reviewed 145 case reports of  ROCM, 60% of  
them had diabetes, and analyzed their ophthalmic and non-
ophthalmic signs and symptoms occurring at any time during 
the course of  disease. Similarly, Ferry and Abedi [16] reported 
16 cases of  ROCM; 13 (81%) of  them had diabetes. We have 
compared our observations with these two available series 
where the majority of  the patients had diabetes.

CONCLUSION

Mucormycosis is a form of  life-threatening invasive fungal 
infection that typically affects immunocompromised 
individuals, particularly those who have uncontrolled diabetes 
mellitus and on prolonged corticosteroid treatment. These 
conditions most commonly affect middle-aged male. We are 
learning more about the new and long-term manifestations 
of  the COVID-19 infection. Uncontrolled diabetes and 

overzealous use of  steroids in COVID-19 management 
can also suppress immunity, allowing opportunistic fungal 
infections to colonize which might aggravating the illness, 
and both of  these must be properly checked. Its association 
with invasive mucormycosis sinusitis is dangerous and 
must be given serious consideration. Histopathology is a 
gold standard for diagnosing fungal infections and for their 
further management. If  infected, early surgical intervention 
and intravenous antifungal treatment should be sought 
for management, as a good prognosis and less fulminant 
disease course can be achieved in cases of  post-coronavirus 
mucormycosis. All efforts should be made to maintain optimal 
hyperglycemia and only judicious evidence-based use of  
corticosteroids in patients with COVID-19 is recommended 
to reduce the burden of  fatal mucormycosis.
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