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Introduction

The occurrence of  acute invasive fungal respiratory infections in 
patients with coronavirus disease 2019 (COVID‑19) has gained 
increasing attention in the recent past. Acute invasive fungal 

rhinosinusitis is a rare but highly co‑morbid disease affecting 
immunosuppressed individuals.[1] It may be seen in patients with 
high risk of  complications in the setting of  COVID‑19.[2‑4] The 
risk of  invasive fungal rhinosinusitis is increased in COVID‑19 
because of  its impact in altering innate immunity and is 
further aggravated by widespread use of  steroids/antibiotics/
monoclonal antibodies.[5,6]

Acute invasive fungal rhinosinusitis (AIFRS) is a fungal 
infection characterized by invasion of  the nasal cavity 
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AbstrAct

Context: Acute invasive fungal rhinosinusitis (AIFRS) is an aggressive infection affecting immunocompromised patients and carries 
a high morbidity and mortality. It is commonly seen in immunocompromised patients, mainly in uncontrolled diabetes, malignancy, 
acquired immunodeficiency syndrome, and so on. However, there has been an exponential increase in the incidence of AIFRS in 
relation to recent coronavirus disease 2019 (COVID‑19) infection. Aims: We present this study to assess histomorphological features 
of fungal infections in the background of COVID‑19 era. Materials and Methods: The study includes interpretation of 34 biopsies 
of suspected AIFRS in post COVID‑19 patients. The demographic details like patients age, sex, diabetic status, COVID‑19 status, and 
history of steroid intake were collected. All specimens were stained with hematoxylin and eosin and PAS stain. Detailed microscopic 
examination including the presence of fungal hyphae in the tissue, characterization of inflammatory response, presence of tissue 
invasion, angioinvasion, and necrosis was noted for each case. Results: Thirty‑four biopsy specimens from various sites – nasal 
cavity, maxillary sinus, ethmoid sinus, and so on – were studied. The mean age of the patients with AIFRS was 52.68 years. The 
dominant fungi were Mucorales in 31 (91.3%), Aspergillus and Mucorales in 1 (2.9%), a combination of Mucorales and Candida 
identified in 1 (2.9%) case, and Candida alone in 1 case (2.9%). Bony invasion and perineural invasion were observed in 5 cases (14.7%) 
and 1 (2.9%) case, respectively. Conclusion: Histopathological examination plays an essential role in the diagnosis and appropriate 
management of the patients. Histopathological features including characterization of fungi, angioinvasion, and bone invasion may 
provide information on rare dreaded infections in post‑COVID‑19 patients for possible prognostic characteristics on histology.
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and paranasal sinuses and has a high propensity to 
infiltrate palate, orbit, skin, and intracranial structures with 
subsequent serious morbidity and mortality.[7] It is seen in 
immunocompromised patients, more commonly in patients 
with diabetes, malignancy, acquired immunodeficiency 
syndrome, chemotherapeutic/immunosuppressive drugs, and 
recently COVID‑19. There has been an aberrant increase in 
the incidence of  AIFRS in association with recent COVID‑19 
infections.[2‑4]

COVID‑19 infection is associated with an increased risk of  
secondary bacterial and fungal infection by reducing the number 
of  T‑lymphocytes and altering innate immunity. Alarming 
signs of  rhino‑orbital fungal infection include sinusitis, blurred 
vision, redness of  eye, blocked nose, local pain, and blackish 
discoloration over bridge of  nose and palate.[8,9]

Untreated rhino‑sinonasal mucormycosis can develop to 
dangerous complications like cavernous sinus thrombosis and 
cerebral invasion. Therefore, the primary aspects of  effective 
care of  this fatal infection include early identification, surgical 
debridement, appropriate antifungal medication, and control 
of  risk factors such as diabetes mellitus.[10,11] A sharp rise in the 
incidence of  AIFRS in the backdrop of  COVID‑19 has become 
a matter of  immediate concern. Prompt diagnosis and early 
intervention are crucial as the mortality rate can be as high as 
50% to 80%.

Furthermore, as COVID‑19 is a life‑threatening infectious 
disease, these patients show an overexpression of  inflammatory 
cytokines and impaired cell‑mediated immunity with decreased 
cluster of  differentiation 4 and 8 positive T helper (CD4+ T 
and CD8+ T) cell counts, denoting increased susceptibility to 
fungal co‑infections.[9,10]

Histopathological examination plays a key role in diagnosing 
the mucormycosis and other fungal infections. The other 
opportunistic fungal infections reported in COVID‑19 patients 
are oropharyngeal candidiasis and respiratory tract aspergillosis. 
Histomorphological findings include mycotic infiltration of  
blood vessels, vasculitis with thrombosis, tissue infarction, 
hemorrhage, and acute neutrophilic infiltrate.[1,9,10]

Therefore, the current study was initiated with the objective 
to examine the histopathological features of  rhino‑orbital/
rhino‑maxillary/sino‑nasal fungal infections in the backdrop 
of  the ongoing COVID‑19 pandemic. This study also 
indicates that a high index of  suspicion for AIFRS in cases of  
COVID‑19 patients by primary care providers and physicians 
would lead to early diagnosis, timely intervention, and 
management for a better outcome.

Materials and Methods

This is an observational study conducted in the Department of  
Pathology at a tertiary care center from February to July 2021. 

The bioethical approval was obtained from the institutional 
ethics committee (IEC‑RDGMC‑05/2021). The study includes 
biopsies from 34 patients suspected for acute invasive fungal 
rhinosinusitis (AIFRS) who recently recovered from COVID‑19 
infection and presented to the out‑patient department at our 
tertiary health center.

The clinic‑pathological data including the patient’s age, gender, 
diabetic status, COVID‑19 status, and history of  steroid intake 
were analyzed. Tissue samples from all suspected sites were 
received in formalin for histological examination. All biopsies 
were stained with hematoxylin and eosin (H and E). Detailed 
microscopic examination along with special stains, periodic 
acid–Schiff, was performed for further analysis.

Detailed microscopic examination including the presence of  
fungal hyphae in the tissue; type of  inflammation - neutrophilic, 
mixed, chronic, or granulomatous response; presence of  tissue 
invasion; and necrosis was noted for each case. Mucor and 
Aspergillus species were differentiated based on microscopic 
features. Broad, aseptate right‑angled branching fungal hyphae 
were considered belonging to order Mucorales, and thin septate 
acute‑angled branching fungal hyphae were suggestive of  
Aspergillus.

The biopsy specimens were studied for the following microscopic 
details:
• Presence of  fungi
• Fungal morphologies delineated by H and E and PAS as broad 

aseptate hyphae with right-angle branching were identified 
as Mucorales species. The presence of  mixed infection, 
mucormycosis and aspergillosis, and mucormycosis and 
Candida, was noted.

• Composition of  inflammatory infiltrate.
• Presence of  granulomatous inflammation and giant cell 

reactions were noted.
• Presence of  tissue necrosis
• Tissue invasion into soft tissues and bone
• Angioinvasion/perineural invasion by fungus noted.

Medical management included antifungal medicine (amphotericin 
B and posaconazole) and medication for control of  any 
associated medical condition. Surgical intervention was 
undertaken after histological confirmation of  fungal invasion. All 
patients underwent endoscopic debridement, while a combined 
approach (endoscopy and open approach) was utilized when 
the disease involved orbit, palate, or facial skin. Patients were 
considered cleared of  fungus after two negative endoscopic 
histological results.

Results

The study comprises 34 AIFRS patients who recently 
recovered from COVID‑19 infection. There were 27 males 
and 7 females (male/female ratio: 3.9:1). The ages ranged 
from 41 to 72 years (mean: 52.68 years). All patients were 
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COVID‑19‑positive, and 30 patients were diabetics. Diabetes 
mellitus and hypertension were the two most common associated 
medical diseases noted in 30 (88.2%) and 6 (17.6%) patients, 
respectively. Twenty‑four patients were given steroids during the 
treatment for COVID‑19 infection [Table 1].

The biopsy specimen was sent from the various sites: nasal 
cavity (82.4%) and maxillary sinus (8.8%). Maxillary sinus was 
the most commonly involved paranasal sinus. Orbital disease 
confined to extra-conal orbital compartment with/without 
extra‑ocular muscle involvement was noted in five of  the 
patients. On macroscopic examination, the tissue samples were 
predominantly gray‑white to black in color. Tissue necrosis was 
observed in 73.5% of  cases [Table 2].

Biopsies were stained with H and E and PAS stain. Histological 
evaluation of  tissue confirmed purely Mucor species in 
31 patients [Figure 1], while one patient showed both Mucor 
and Aspergillus [Figure 2], one patient showed both Mucor 
and Candida, and one patient showed Candida [Table 2]. 

Angioinvasion also commonly noted in specimens of  maxillary 
sinus and nasal cavity (5.9%) [Figure 3]. Bone marrow 
invasion was most commonly noted in specimens of  maxillary 

Table 1: Clinicopathological features of the patients
Number of  patients Percentage

Total cases 34 100%
Gender (male/female) 27/7 (79.4/20.6)%
Co‑morbidities

Diabetes mellitus (DM) 30 88.2%
Hypertension 6 17.6%
Chronic kidney disease 1 2.9%
Steroid therapy 24 70.6%

Table 2: Different sites and histomorphological 
characteristics of the biopsies in the study

Histopathological features No. of  patients
Site of  biopsy

Nasal cavity 28 (82.4%)
Maxillary sinus 3 (8.8%)
Ethmoid sinus 1 (2.9%)
Sphenoid sinus 1 (2.9%)
Palate 3 (8.8%)
Eye orbit 5 (14.7%)

Presence of  fungus
Mucor 31 (91.3%)
Mucor and Aspergillus 1 (2.9%)
Mucor and Candida 1 (2.9%)
Candida 1 (2.9%)

Inflammatory infiltrate
Neutrophilic 12 (35.3%)
Mononuclear 8 (23.5%)
Mixed 12 (35.3%)
Granulomatous 2 (5.9%)

Presence of  Necrosis 25 (73.5%)
Presence of  Tissue invasion 15 (44.1%)
Presence of  Angioinvasion 2 (5.9%)
Presence of  Perineural invasion 1 (2.9%)
Presence of  Bone invasion 5 (14.7%)

Figure 1: Histopathological image showing broad aseptate fungi 
belonging to Mucorales family (H and E stain, 400x)

Figure 3: Histopathological image showing angioinvasion by Mucor 
fungi (H and E stain, 400x)

Figure 2: Histopathological image shows fruiting body of Aspergillus 
(PAS stain, 100x)
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sinus [Table 2, Figure 4a and b]. Granulomatous inflammation 
and giant cell are seen in one case [Figure 5]. Neural invasion by 
Mucor fungi is also seen in one case [Figure 6].

Among the total 34 cases, 26 cases were in stage 1 (having only 
sinonasal involvements), 5 cases in stage 2 (having sinonasal and 
orbital involvement.), and 3 cases in stage 3 (having sinonasal 
involvement with intra‑cranial extension). The most common 
presentations in these patients were periorbital swelling (35.3%), 
facial swelling (20.6%), facial/periorbital pain (20.6%), and 
headache (23.5%).

Among 34 patients, 8 of  our patients received antifungal therapy 
and 26 patients received a combination of  surgical intervention 
and antifungal therapy. Liposomal amphotericin B was given in 
all patients. Varying degrees of  endoscopic sinonasal debridement 
were performed in 26 of  the patients. Eight patients recovered by 
medical management, while 24 patients recovered after surgical 
and medical management and 2 patients succumbed to the illness.

Discussion

COVID-19 has been affiliated with a wide range of  presentations 
ranging from a mild cough to life‑threatening pneumonia.[11] 
It leads to diffuse alveolar damage with severe inflammation, 
and simultaneously, COVID‑19 increases the risk of  secondary 
bacterial and fungal infection by altering innate immunity and 
decreasing T‑lymphocytes. The usual sites of  infection are 
paranasal sinuses, central nervous system, lung, gastrointestinal 
system, and skin.

AIFRS is an aggressive form of  fungal infection, with a high 
rate of  morbidity and mortality. The rapid progression and 
dissemination are attributed to the angio‑invasive nature of  
the fungi. Due to its invasive nature, the infection may also 
invade the palate, skin, orbit, and intra‑cranial structures.[12,13] 
Clinical presentation depends on the site involved starting with 
nasal congestion and progressing onto frontal headache, facial 
numbness, ocular pain, blurry vision, and diplopia, indicating the 
involvement of  orbital and cerebral areas.[14,15] Therefore, early 
diagnosis and appropriate management are essential to prevent 
life‑threatening complications.

Various studies are being undertaken to acquire knowledge 
about the new and long‑term manifestations of  the COVID‑19. 
Therefore, the primary health care providers must be aware 
of  the possibility of  invasive fungal infection in such COVID 
patients with a history of  diabetes and other co‑morbidities. 
A high index of  suspicion with early diagnosis of  acute invasive 
fungal sinusitis among COVID‑19 patients and early management 
with antifungal therapy and surgical debridement is essential for 
better outcome.

In a study by Ganesan et al., the mean age was 51.68 ± 10.7 years 
and there was a predominance of  males (83.33%) affected with 
mucormycosis, which is similar to our study.[16] Diabetes was 
detected in 88.2% of  the patients in our study, which was similar 
to study by Jain et al.[17] Arora et al. studied the histopathological 
features of  COVID‑associated rhino cerebral mucormycosis, and 
the median age of  the subjects was 57 years. The majority of  
these patients were male; steroids had been used in 45% of  the 
cases, and diabetes mellitus was the predisposing factor in 98% 
of  the cases. The results of  the present study closely match those 
of  the above study in accordance to age, sex, and predisposing 
factor being similar.[18]

The main fungal pathogens for co‑infection in severe 
COVID‑19 patients are Mucor, Aspergillus, and Candida. Hence, 

Figure 5: Histopathological image shows granuloma (at left‑sided 
corner) with occasional giant cell (at right‑sided corner) and a few 
fungal hyphae (H and E stain, 100x)

Figure 6: Histopathological image showing neural invasion by Mucor 
fungi (PAS stain, 200x)

Figure 4: (a and b) Histopathological images show tissue and bone 
invasion by fungal hyphae (H and E stain, PAS stain, 200x)

ba
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surveillance for opportunistic fungal pathogens is essential for 
severely ill and co‑morbid patients. Mucormycosis is a rapidly 
progressive fungal infection and may prove fatal if  early diagnosis 
and treatment are not administered to such patients.

In the study by Ganesan et al., the dominant fungi identified 
in the specimens were Mucorales in 58 samples (96.67%) and 
Aspergillus along with Mucorales identified in 12 samples (20%), 
where as a combination of  Mucorales and Candida was noted 
in 8 cases (13.33%).[16]

Histopathologic examination remains one of  the major diagnostic 
tools because it permits rapid presumptive identification of  
fungal organisms. Bone marrow invasion and necrosis of  bone 
are common in sinonasal mucormycosis. Perineural/neural 
invasion is frequently seen in rhino orbital mucormycosis. 
Histopathology plays a major role as it not only distinguishes 
the presence of  the fungus in the specimen from a culture 
contaminant but also is indispensible to define whether there is 
blood vessel invasion in the debrided tissue.

Cornely et al. have described the histopathological picture of  
mucormycosis and summarized that the acute lesions show 
hemorrhagic necrosis, angioinvasion, coagulative necrosis, 
neutrophilic infiltration, and perineural invasion, while the 
chronic lesion shows a granulomatous inflammation with giant 
cells along with a deeply eosinophilic material surrounding the 
pathogen, the Splendore Hoeppli phenomenon.[19]

Tissue necrosis was observed in 71.67% of  cases in the study by 
Ganesan et al., which is similar to our study.[16] In our study, the 
presence of  perineural fungal invasion was evaluated in all cases; 
however, only one case (n = 1) showed the presence of  fungal 
hyphae within it. This could be because neural tissue was seen 
in very few cases in our study, possibly owing to the necrosis in 
our samples.

In a study by Arora et al., the presence of  acute inflammation, 
necrosis with no cellular response, and granulomatous 
reaction were seen in 2, 16, 4 of  the samples, respectively.[18] 
Granulomatous inflammation is seen in two of  the patients in our 
study. The rare granulomatous response seen in post‑COVID‑19 
mucormycosis could again be due to immune dysregulation as 
a result of  steroid therapy. However, the use of  steroids affects 
the phagocytic ability of  macrophages and increases the risk of  
infection.[20,21]

In the study by Ganesan et al., the predominant type of  
inflammatory response observed was mixed suppurative 
(73.33%), followed by acute (21.7%), and the least was chronic 
type (5%); however, 23% of  the cases showed granulomatous 
inflammation with fungi. Interestingly, the majority of  these 
cases were reported in the late month of  May and June 
when the pandemic infection was showing a downtrend and 
thus could be the cause for many cases with granulomatous 
inflammation.[16]

Limitations
This study was a histopathology‑based research, and also, ours is a 
single‑center laboratory‑based observational study with a limited 
number of  samples from post‑COVID‑19 patients. More larger 
studies may be undertaken to compare histopathologic features 
with prognosis, morbidity, and mortality in COVID‑19 patients.

Conclusion

India has witnessed an upsurge of  fungal rhinosinusitis during 
COVID‑19 pandemic era more in comparison to the other parts 
of  the world. Uncontrolled diabetes and extensive use of  steroids 
in COVID‑19 management can also suppress immunity, allowing 
emergence of  opportunistic fungal infections which might 
deteriorate the patients. Its association with invasive sinusitis caused 
by mucormycosis is detrimental and must be looked with suspicion.

Histopathological examination is a major diagnostic tool in the 
diagnosis of  AIFRS as it not only distinguishes the presence of  
the fungus in the specimen but also helps to identify whether 
there is blood vessel invasion, bone invasion, or perineural 
invasion in the debrided tissue.

Key points
Clinical suspicion by primary health care providers would 
lead to early diagnosis of  acute invasive fungal sinusitis 
among COVID‑19 patients by debridement of  tissue and 
histopathological evaluation. Histopathological evaluation may 
also give an insight into the prognostic indicators, morbidity, 
and mortality in these patients. Early diagnosis along with early 
management with antifungal therapy and surgical debridement 
is essential for better outcome and higher survival.
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• H and E Hematoxylin and Eosin.
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