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Abstract: Acute invasive fungal sinusitis (AIFS) is a life-

threatening condition that has gained prominence during the 

COVID-19 pandemic, particularly among immunocompromised 

patients or those with poorly controlled diabetes mellitus. The 

interplay between COVID-19-induced immunosuppression, steroid 

use, and hyperglycemia has created a fertile ground for 

opportunistic fungal infections, such as mucormycosis and 

aspergillosis. Early diagnosis and timely intervention are crucial to 

improving outcomes. 

Management of AIFS in COVID-19 patients involves a 

multidisciplinary approach encompassing prompt clinical and 

radiological diagnosis, aggressive surgical debridement, and 

antifungal therapy. High-resolution imaging, nasal endoscopy, and 

histopathological confirmation are pivotal in identifying the extent 

of invasion. First-line antifungal therapy includes liposomal 

amphotericin B, while second-line options, such as posaconazole or 

isavuconazole, are used in refractory cases or as adjunctive therapy. 

Glycemic control, cessation of immunosuppressive therapy when 

feasible, and addressing underlying comorbidities are essential 

supportive measures. 

Recent insights suggest that early intervention and tailored 

treatment protocols significantly enhance survival rates in affected 

patients. This review emphasizes the importance of heightened 

clinical vigilance, rapid diagnosis, and individualized management 

strategies to combat the surge of AIFS in COVID-19 patients, 

aiming to improve survival outcomes and reduce morbidity 

associated with this devastating condition.  

 

 

1. Introduction 

 

Acute invasive fungal sinusitis (AIFS) is a rare but life-threatening condition that occurs 

primarily in immunocompromised individuals. This aggressive fungal infection affects the 

paranasal sinuses and has a propensity to invade surrounding tissues, including the orbit and 

brain. AIFS typically progresses rapidly, making early recognition critical for preventing severe 

complications. It is most commonly caused by fungi of the genera Aspergillus and Mucorales, 

with Mucorales being particularly associated with patients who have poorly controlled diabetes 

or diabetic ketoacidosis [1].  

The pathophysiology of AIFS involves the fungal invasion of blood vessels, leading to 

thrombosis, ischemia, and necrosis of affected tissues. This angioinvasion distinguishes AIFS 

from less severe forms of fungal sinusitis and contributes to its aggressive nature. The fungi 

produce enzymes that facilitate tissue destruction and vascular invasion, allowing rapid 
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dissemination of the infection. In addition, the compromised immune response in susceptible 

individuals, such as those undergoing chemotherapy or receiving immunosuppressive therapy, 

exacerbates the disease progression [2]. 

Risk factors for AIFS are predominantly linked to immunosuppression. Patients with 

hematologic malignancies, organ transplantation, or HIV/AIDS are at increased risk. 

Additionally, conditions such as prolonged neutropenia and high-dose corticosteroid use create 

an environment conducive to fungal proliferation. In diabetic patients, hyperglycemia and 

ketoacidosis impair phagocytic cell function, further predisposing them to fungal infections [3]. 

Clinical presentation of AIFS often begins with nonspecific symptoms such as nasal 

congestion, facial pain, and headache. However, as the infection progresses, more severe 

manifestations such as proptosis, ophthalmoplegia, and necrotic lesions of the nasal or oral 

mucosa become evident. These findings are often accompanied by fever and signs of systemic 

illness, underscoring the severity of the condition [4]. 

Imaging studies play a critical role in the diagnosis of AIFS. Computed tomography 

(CT) scans typically reveal mucosal thickening, sinus opacification, and bone destruction, while 

magnetic resonance imaging (MRI) is superior for evaluating soft tissue and intracranial 

extension. The hallmark imaging finding of AIFS is the presence of invasive features such as 

bone erosion and retro-orbital involvement [5]. 

Histopathological examination remains the gold standard for diagnosing AIFS. Biopsy 

specimens reveal fungal elements invading tissue and blood vessels, often accompanied by 

necrosis. Periodic acid-Schiff (PAS) and Gomori methenamine silver (GMS) staining are 

commonly used to visualize fungal hyphae. Prompt histological confirmation is crucial for 

distinguishing AIFS from other forms of sinusitis [6]. 

Fungal cultures and molecular diagnostic methods, such as polymerase chain reaction 

(PCR), provide additional diagnostic insights. While cultures can identify the specific fungal 

species, their sensitivity is limited by the fastidious growth requirements of certain fungi. PCR 

offers higher sensitivity and specificity, enabling rapid identification of fungal pathogens, even 

in culture-negative cases [7]. 

The epidemiology of AIFS varies by geographic region, with certain fungi being more 

prevalent in specific climates. For example, Aspergillus species are more common in temperate 

regions, whereas Mucorales are predominant in tropical and subtropical areas. This 

geographical variation emphasizes the need for clinicians to consider local epidemiological 

trends when evaluating suspected cases of AIFS [8]. 

The immune response to AIFS involves both innate and adaptive mechanisms. 

Neutrophils play a key role in controlling fungal infections by producing reactive oxygen 

species and releasing antimicrobial peptides. However, in immunocompromised patients, these 

defenses are significantly impaired, allowing unchecked fungal growth and dissemination [9]. 

Fungal species causing AIFS exhibit unique morphological and biochemical 

characteristics that aid in their identification. For instance, Mucorales fungi have broad, 

nonseptate hyphae that branch at right angles, while Aspergillus species display narrow, septate 

hyphae with acute-angle branching. Recognizing these features is essential for accurate 

diagnosis and tailoring antifungal therapy [10]. 

The rapid progression of AIFS underscores the importance of early clinical suspicion. 

Delayed diagnosis can result in devastating outcomes, including blindness, intracranial 

invasion, and death. Consequently, clinicians must maintain a high index of suspicion in at-risk 

populations and act swiftly upon identifying potential signs of AIFS [11]. 

Immunological studies have demonstrated that cytokine dysregulation plays a role in 

the pathogenesis of AIFS. Elevated levels of proinflammatory cytokines such as interleukin-6 

(IL-6) and tumor necrosis factor-alpha (TNF-α) have been observed in affected patients. These 

cytokines contribute to tissue damage and inflammation, further complicating the clinical 

course [12]. 
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Genetic predispositions may also influence susceptibility to AIFS. Polymorphisms in 

genes encoding immune-related proteins, such as dectin-1 and CARD9, have been associated 

with increased vulnerability to fungal infections. These genetic factors may impair fungal 

recognition and clearance, highlighting the need for further research into host-pathogen 

interactions [13]. 

The differential diagnosis of AIFS includes other invasive infections such as bacterial 

sinusitis, granulomatosis with polyangiitis, and malignancies. Distinguishing AIFS from these 

conditions requires a combination of clinical, radiological, and histopathological findings, 

underscoring the complexity of diagnosing this entity [14]. 

Environmental factors also play a role in the development of AIFS. Exposure to 

construction sites, soil, and decaying organic matter increases the risk of fungal spore 

inhalation. This highlights the importance of infection prevention strategies, particularly for 

immunocompromised individuals residing in high-risk environments [15]. 

Recent advancements in diagnostic imaging, such as diffusion-weighted MRI and 

positron emission tomography (PET) scans, have enhanced the ability to detect early signs of 

AIFS. These techniques provide detailed insights into tissue perfusion and metabolic activity, 

facilitating the identification of invasive fungal disease at earlier stages [16]. 

Autopsy studies have revealed that the true prevalence of AIFS may be underestimated 

due to the difficulty in diagnosing this condition antemortem. These findings highlight the 

importance of postmortem examinations in understanding the epidemiology and 

pathophysiology of AIFS [17]. 

The histopathological features of AIFS include extensive necrosis, angioinvasion, and 

inflammatory cell infiltration. The presence of fungal hyphae within blood vessels is a definitive 

diagnostic criterion, distinguishing AIFS from noninvasive forms of fungal sinusitis. These 

findings emphasize the aggressive nature of the disease [18]. 

AIFS often presents as a part of a spectrum of invasive fungal diseases, which may 

include pulmonary or disseminated forms. This systemic involvement underscores the need for 

a multidisciplinary approach to diagnosis and management, involving specialists from 

infectious disease, radiology, and pathology [19]. 

Hyperglycemia, a hallmark of diabetes, has been shown to promote fungal growth and 

reduce immune cell function. In particular, elevated glucose levels impair the ability of 

neutrophils to produce oxidative bursts, which are critical for fungal clearance. This metabolic 

dysregulation is a key factor in the pathogenesis of AIFS in diabetic patients [20]. 

Neutropenia is another critical risk factor for AIFS. The duration and severity of 

neutropenia directly correlate with the risk of developing invasive fungal infections. Patients 

undergoing chemotherapy for hematologic malignancies are particularly susceptible due to 

prolonged periods of neutrophil depletion [21]. 

Fungal spores are ubiquitous in the environment, and their inhalation is the primary 

route of infection in AIFS. The innate immune system plays a crucial role in preventing these 

spores from establishing infection, but when this barrier is compromised, fungal proliferation 

and tissue invasion ensue [22]. 

AIFS is associated with high mortality rates, particularly when diagnosis is delayed or 

when intracranial involvement occurs. Mortality rates exceed 50% in many studies, 

highlighting the aggressive nature of the disease and the importance of early detection and 

intervention [23]. 

The role of fungal biofilms in AIFS has garnered increasing attention in recent years. 

Biofilms are structured communities of fungi that exhibit resistance to antifungal agents and 

immune defenses. These biofilms may contribute to the persistence and recurrence of infection, 

complicating the clinical course [24]. 

In addition to clinical and histopathological findings, biomarkers such as galactomannan 

and beta-D-glucan have been evaluated for their utility in diagnosing AIFS. These markers are 
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components of fungal cell walls and can provide indirect evidence of fungal infection, although 

their sensitivity and specificity vary depending on the fungal species [25]. 

AIFS has been increasingly recognized in patients with COVID-19, particularly those 

treated with high-dose corticosteroids or who experienced prolonged hospital stays. The 

association between COVID-19 and secondary fungal infections underscores the need for 

vigilance in managing at-risk populations during pandemics [26]. 

Zygomycosis, a subset of AIFS caused by Mucorales fungi, is particularly aggressive 

and often presents with rapid tissue destruction and necrosis. This form of AIFS is strongly 

associated with diabetic ketoacidosis, where the acidic environment promotes fungal growth 

and angioinvasion [27]. 

The microbiological identification of fungal species in AIFS is challenging due to the 

fastidious nature of many pathogens. Specialized culture media and incubation conditions are 

often required, and even then, false negatives are common. This highlights the need for 

advanced molecular diagnostic techniques [28]. 

The anatomical proximity of the paranasal sinuses to critical structures such as the orbit 

and brain makes AIFS particularly dangerous. Orbital involvement can lead to vision loss, while 

intracranial extension can result in meningitis or cerebral abscesses, both of which carry high 

mortality rates [29]. 

Histological studies have shown that the immune response in AIFS is characterized by 

an intense inflammatory infiltrate, predominantly composed of neutrophils. However, in 

severely immunocompromised patients, this response may be blunted, allowing fungal 

proliferation to proceed unchecked [30]. 

The development of AIFS is influenced by both host and fungal factors. Host factors 

include the degree of immunosuppression and metabolic derangements, while fungal virulence 

factors such as adhesins and hydrolytic enzymes play a critical role in tissue invasion and 

damage [31]. 

Environmental surveillance studies have demonstrated that certain hospital settings may 

harbor high concentrations of fungal spores, posing a risk to immunocompromised patients. 

Infection control measures, such as high-efficiency particulate air (HEPA) filtration, are 

essential in reducing this risk [32]. 

The impact of AIFS on quality of life is profound, given its aggressive nature and 

potential for disfigurement and functional impairment. Early diagnosis and intervention are key 

to preserving function and preventing long-term complications [33]. 

Imaging findings in AIFS often correlate with the stage of the disease. Early stages may 

show nonspecific findings such as mucosal thickening, while advanced stages reveal extensive 

tissue necrosis, bone destruction, and intracranial extension. These imaging features guide the 

diagnostic workup and clinical decision-making [34]. 

The interplay between diabetes and AIFS is multifaceted, involving metabolic, 

immunological, and vascular factors. Poor glycemic control exacerbates the risk of fungal 

infection by impairing immune cell function and promoting tissue ischemia, creating a 

favorable environment for fungal proliferation [35]. 

Advancements in molecular biology have shed light on the genetic determinants of 

fungal virulence. For example, genes involved in the production of siderophores, which 

sequester iron from host tissues, are critical for the survival and pathogenicity of fungi causing 

AIFS. These findings open new avenues for therapeutic interventions [36]. 

Management Lines of Acute Invasive Fungal Sinusitis in COVID-19 Patients 

Acute invasive fungal sinusitis (AIFS) is a severe and often life-threatening condition, 

especially prevalent in immunocompromised individuals. The emergence of the COVID-19 

pandemic has seen a marked increase in AIFS cases, primarily attributed to the 

immunosuppressive effects of the virus and the widespread use of corticosteroids in treatment 

protocols. The management of AIFS in COVID-19 patients necessitates a multifaceted 



Ramy Esmaeil Mohamed Mounir Shehata et al. Navigating Acute Invasive.......                     353 

approach that integrates early diagnosis, aggressive surgical debridement, and targeted 

antifungal therapy [37]. 

Prompt diagnosis of AIFS is crucial, as delays can lead to rapid disease progression and 

increased mortality. High clinical suspicion is warranted in COVID-19 patients presenting with 

facial pain, nasal congestion, or visual disturbances. Imaging techniques, such as contrast-

enhanced MRI and CT scans, are invaluable in identifying the extent of fungal invasion. 

Histopathological confirmation via nasal endoscopy and biopsy remains the gold standard for 

diagnosis [38]. 

The complexity of AIFS management necessitates a multidisciplinary approach. 

Coordination between otolaryngologists, infectious disease specialists, radiologists, and 

intensivists ensures comprehensive care. Regular team meetings are essential to tailor treatment 

plans based on disease severity and patient response [39]. 

Aggressive surgical debridement is a cornerstone of AIFS management. The primary 

goal is to remove all necrotic tissue to halt fungal spread. Endoscopic sinus surgery is the 

preferred modality due to its minimally invasive nature and precision. However, extensive 

disease may require open approaches, such as craniofacial resection [40]. 

Systemic antifungal therapy is critical in managing AIFS. Liposomal amphotericin B is 

the first-line treatment due to its broad spectrum of activity and reduced nephrotoxicity. 

Alternative agents, such as posaconazole and isavuconazole, are considered in cases of 

intolerance or resistance. Combination antifungal therapy is under investigation and may offer 

synergistic effects [41]. 

The immunosuppressive nature of COVID-19 treatments, particularly corticosteroids 

and tocilizumab, has been implicated in predisposing patients to AIFS. Judicious use of these 

agents is recommended, balancing the benefits against the risks of secondary infections. Efforts 

should be made to taper corticosteroids as soon as clinically feasible [42]. 

Comorbid conditions, such as diabetes mellitus, significantly increase the risk of AIFS. 

Optimal glycemic control is imperative to reduce fungal proliferation. Regular monitoring of 

blood glucose levels and adjustment of antidiabetic medications are integral components of care 

[43]. 

Malnutrition is a common issue in critically ill COVID-19 patients, further 

compromising immunity. Nutritional support, including enteral or parenteral feeding, should 

be initiated early to enhance overall patient resilience. Micronutrient supplementation, such as 

zinc and vitamin D, may also play a supportive role [44]. 

Hyperbaric oxygen therapy (HBOT) has been explored as an adjunct in AIFS 

management. The high oxygen tensions achieved during HBOT can inhibit fungal growth and 

enhance tissue healing. However, logistical challenges and limited availability restrict its 

widespread use [45]. 

Regular follow-up is crucial for assessing treatment response and detecting disease 

recurrence. Serial imaging and endoscopic evaluations are recommended to ensure 

comprehensive disease clearance. Long-term monitoring is particularly important in 

immunocompromised individuals [46]. 

Managing AIFS in resource-limited settings poses unique challenges, including delayed 

diagnosis, limited access to antifungal medications, and inadequate surgical facilities. 

Telemedicine and international collaborations may help bridge these gaps and improve 

outcomes [47]. 

 

2. Conclusion: 

 

Managing AIFS in resource-limited settings poses unique challenges, including delayed 

diagnosis, limited access to antifungal medications, and inadequate surgical facilities. 
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Telemedicine and international collaborations may help bridge these gaps and improve 

outcomes. 
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