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A B S T R A C T   

Background: Acute invasive fungal rhinosinusitis (AIFRS) is aggressive morbidity affecting immunocompromised 
patients. Coronavirus disease 2019 (COVID-19) may allow secondary fungal disease through a propensity to 
cause respiratory infection by affecting the immune system leading to dysregulation and reduced numbers of T 
lymphocytes, CD4+T, and CD8+T cells, altering the innate immunity. The aim of this study is to evaluate the 
incidence of acute invasive fungal rhinosinusitis (AIFRS) in COVID-19 patients. 
Methodology: Data for acute invasive rhinosinusitis was obtained from the Otorhinolaryngology departments at 
our tertiary hospital at the period from January 2017 to December 2020. Then the risk factors of comorbid 
diseases and fungal types between post-COVID-19 and non-COVID-19 groups regarding the incidence of AIFRS 
are compared. 
Results: Consequently, the incidence of AIFRS showed a more significant difference (P < 0.05) in post-COVID-19 
patients than in non-COVID-19 especially in immunocompromised patients, diabetic, renal, and liver dysfunction 
patients as well as patients with risk factors of AIFRS. The most common organisms affecting patients with AIFRS 
are Rhizopus oryzae, Aspergillus fumigatus, and Absidia mucor. 
Conclusions: The incidence of AIFRS is markedly prominent in post-COVID-19 patients than in those of non- 
COVID-19, especially in immunocompromised, diabetic, renal, and liver dysfunction patients and patients 
with risk factors for rhinosinusitis.   

1. Introduction 

Fungal sinusitis can be categorized into non-invasive and invasive 
groups. While non-invasive fungal sinusitis does not exhibit the pene
tration of mucosa by hyphae; in invasive fungal sinusitis hyphae do 
invade the mucosa [1]. 

Acute invasive fungal sinusitis is considered the most aggressive 
form of sinusitis. It can be more commonly found in immunocompro
mised patients and notably can lead to serious morbidity and mortality. 
Immunosuppression in these patients can be a result of widespread 
sources including hematologic malignancies, diabetes mellitus, solid 
organ or bone marrow transplantation, chemotherapy-induced neu
tropenia, and advanced AIDS. Furthermore, it is as a rule with sudden 
critical advancement of nasal congestion, facial pain, epistaxis and 

fever. Expansion into the sinus or intracranial compartments can lead to 
neurological impairments [2,3]. 

Fungal spores are copious in the atmosphere. Therefore, it is ready to 
cause morbidity in the nose and paranasal sinuses. These spores can lead 
to a pathological affection if the environment is suitable for their growth 
and active invasion of tissues. Normally, inhaled fungi form a part of the 
normal sinonasal flora, but they are significantly destroyed by the 
immunological system. However, in conditions such as prolonged anti
biotics use, poor ventilation and moist environment as well as immu
nocompromised patients, these immunological pathways may be 
disrupted, making fungal invasion more likely to make a morbid affec
tion of tissues [4]. 

Infection is often thought to arise in the nasal cavity (commonly the 
middle turbinate) and progress to the paranasal sinuses [5]. This 
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suggests the involvement of multiple fungal agents, such as Aspergillus 
species (commonly in neutropenic patients), Zygomycetes (commonly in 
diabetic patients), Rhizopus species, Absidia species, Mucor species, and 
Rhizomucor species [1]. 

COVID-19, caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), is a primary acute respiratory disease which can lead to 
severe acute respiratory distress syndrome (ARDS), multiple organ 
dysfunction, and even death. Therefore, identifying risk and protective 
factors for COVID-19 is critical to developing efficient intervention and 
prevention strategies [6]. 

Particular pathophysiologic features of COVID-19 that may allow 
secondary fungal disease, a propensity to cause respiratory infection, 
may upgrade the risk of invasive fungal rhinosinusitis. Moreover, the 
immune dysregulation associated with COVID-19, with reduced 
numbers of T lymphocytes, CD4+T, and CD8+T cells, may alter innate 
immunity [7]. 

COVID-19 is associated with a significant incidence of secondary 
infections, both bacterial and fungal probably due to immune dysregu
lation. Additionally, the widespread use of steroids/monoclonal 
antibodies/broad-spectrum antibiotics as part of the armamentarium 
against COVID-19 may lead to the development/exacerbation of pre
existing fungal diseases [8]. 

Acute invasive fungal rhinosinusitis is a rare, albeit highly comorbid, 

infection affecting immunosuppressed individuals. It may appear in 
patients with high risk of complications morbidity in the setting of 
COVID-19-related acute respiratory distress syndrome [9]. Therefore, 
the aim of this study is to evaluate the incidence of acute invasive fungal 
rhinosinusitis in COVID-19 patients. 

2. Material and methods 

2.1. Ethical considerations 

The bioethical approval was obtained from Al-Azhar University, 
Damietta faculty of medicine for this study (IRB 00012367 / 20- 11- 
002). This retrospective study was conducted for patients with AIFRS at 
the period from Jan 2017 to Dec 2020 at Otorhinolaryngology de
partments of Al-Azhar University in both Cairo and Damietta branch, 
Egypt. 

2.2. The inclusion criteria 

Patients of any age and sex. AIFRS diagnosis based on clinical, 
endoscopic diagnosis (Fig. 1) and positive findings for acute sinusitis on 
sinus computed tomography (CT) scan (Fig. 2) and MRI (Fig. 3) in 
addition to fungal determination by histopathological examination of 

Fig. 1. A photo of an endoscopic examination with ischemic changes in the middle turbinate suggesting AIFRS.  
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specimen of affected tissues for detection of the type of fungi. Positive 
PCR was confirmed from the patient's files at the isolation hospitals for 
COVID 19 group. Participants who did not meet inclusion criteria were 
excluded. Such as Patients who had acute rhinosinusitis (ARS) other 
than fungal type such as odontogenic rhinosinusitis and bacterial 
rhinosinusitis. 

2.3. Sample collection 

Our samples were collected each year separately (from 2017 to 
2020). Each year was recorded as demographic data of the patients, 
onset and duration of the disease, etiology of RS, risk factors or com
plications. All collected data and laboratory findings were recorded and 
statistically analyzed then tabulated for comparison purposes. 

2.4. Statistical analysis 

Statistical analyses were performed using SPSS v23 statistical soft
ware (SPSS, Inc., Chicago, Illinois). Descriptive statistics (means, 

standard deviations, frequencies, and correlation coefficients) were 
calculated for all measures. To compare the two groups, a paired t-test 
was carried out to determine P values using the Pearson's correlation test 
and a χ2 test and a one-sample t-test and Wilcoxon test performed when 
appropriate. The level of significance calculated as P < 0.05 was 
considered statistically significant, while P > 0.05 was considered sta
tistically non-significant. 

3. Results 

The study included 56 patients with acute invasive fungal rhinosi
nusitis: 30 males and 26 females. They were collected from the year 
2017 to 2020. Nine patients in 2017, 8 p in 2018, 10 in 2019 and 29 
patients in 2020 as shown in Table 1. 

Diabetes mellitus, liver and renal dysfunction, immunosuppressive 
drug, and leukemia were the common risk factors of AIFRS patients as 
shown in Table 2. In comparison of these common risk factors between 
Post-COVID-19 and Non-COVID-19 AIFRS patients Table 3 showed a 
statistically significant difference (P < 0.01). 

Fig. 2. A CT picture of nose and paranasal sinuses of AIFRS with orbit invasion.  
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Fig. 3. MRI picture of AIFRS with orbit extension.  
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The older age was statistically significant in Post-COVID-19 group 
compared with non-COVID-19 AIFRS patients (P = 0.001). The study 
showed comorbidities of AIFRS patients Table 4 and showed a statisti
cally significant difference (P < 0.05) in Post-COVID-19 compared with 
Non-COVID-19 AIFRS patients. 

The most common fungal species represented in our study was 
Rhizopus oryzae, Aspergillus fumigatus, and Absidia mucor. They were 
more prominent in Post-COVID-19 compared than in Non-COVID-19 
AIFRS patients and showed a significant difference in comparison 

between the two groups (P < 0.05) as shown in Table 5. 

4. Discussion 

Although AIFR is rare, it is the most aggressive form of fungal 
infection [1,10]. It is most commonly encountered in immuno- 
compromise patients. These have two categories and each of these has 
commonly associated pathogens with them. The first is diabetic patients 
(roughly 50%), particularly if poorly controlled, and is frequently 

Table 1 
Incidence of acute invasive fungal rhinosinusitis per year (AIFRS).  

Year of study Males Females Total 

No. % No. % No. % 

2017  3  33.3  6  66.7  9  16.07 
2018  4  50.0  4  50.0  8  14.29 
2019  4  40.0  6  60.0  10  17.86 
2020  19  65.5  10  34.5  29  51.78 
Total  30  53.57  26  46.43  56  100  

Table 2 
Risk factors of the studied AIFRS patients.  

Risk factors Males Females Total 

2017 No. % No. % N = 9 % 

Diabetes mellitus  3  50.0  3  50.0  6  66.7 
Immunosuppressive drugs  0  0.00  2  100  2  22.2 
Liver cell failure  0  0.00  1  100  1  11.1   

Risk factors Males Females Total 

2018 No. % No. % N = 8 % 

Diabetes mellitus  4  50.0  4  50.0  8  100 
Liver cell failure  2  100  0  0.00  2  25.0 
Renal failure  1  100  0  0.00  1  12.5   

Risk factors Males Females Total 

2019 No. % No. % N = 10 % 

Diabetes mellitus  2  28.57  5  71.43  7  70.0 
Immunosuppressive drugs  0  0.00  1  100  1  10.0 
Liver cell failure  2  66.7  1  33.3  3  30.0 
Leukemia  1  100  0  0.00  1  10.0   

Risk factors Males Females Total 

2020 No. % No. % N = 29 % 

Diabetes mellitus  5  62.5  3  37.5  8  27.6 
Renal failure  1  100  0  0.00  1  3.45 
Liver cell failure  1  100  0  0.00  1  3.45 
Immunosuppressive drugs  0  0.00  1  100  1  3.45 
Post-COVID-19  12  66.67  6  33.33  18  62.1  

Table 3 
Incidence of covid-19 in AIFRS patients as regard risk factors.  

Risk factors No. COVID-19 Non-COVID-19 Significance 

N = 18 % N = 38 % χ2 P 

Diabetes mellitus  19  8  44.4  11  28.9  6.227  0.003* 
Immunosuppressive drugs  4  3  16.7  1  2.63  5.878  0.004* 
Liver cell failure  7  5  27.8  2  5.26  9.256  0.001* 
Chronic kidney disease  2  1  5.56  1  2.63  3.582  0.014* 
Leukemia  1  0  0.00  1  2.63  3.142  0.037* 
Cardiac diseases  8  5  27.8  3  7.69  8.941  0.001* 
Bronchial asthma  6  5  27.8  1  2.63  10.31  0.001* 
Overweight  24  13  72.2  11  28.9  17.36  0.000* 

χ2 = Chi square test. 
* P < 0.05 = significant. 

Table 4 
Age and associated comorbidity of the studied patients.  

Age Post-COVID-19 Non-COVID- 
19 

t-Test P 

Mean ± SD (years) 58.38 ± 12.2 38.64 ± 7.78 0.968 0.001* 

Comorbidity N =
18 

% N =
38 

% χ2 P 

Hypertension  10  55.56  7  18.42  0.999  0.000* 
Obesity  8  44.44  14  36.84  0.396  0.009* 
Smoking  12  66.67  17  44.74  0.898  0.001* 
Allergic rhinitis  14  77.78  20  52.63  0.947  0.000* 
Asthma  4  22.22  5  13.16  0.418  0.008* 
COBD & ARDS  3  16.67  0  0.00  0.789  0.001* 
Cardiac diseases  5  27.78  0  0.00  0.986  0.000* 
Otitis media  6  33.33  12  31.58  0.089  0.0967 
Renal dysfunction  3  16.67  0  0.00  0.789  0.001* 
Liver dysfunction  2  11.11  2  5.26  0.321  0.011* 
Thrombocytopenia & 

leukopenia  
4  22.22  0  0.00  0.902  0.000* 

Immunosuppressive drugs  3  16.67  1  2.63  0.622  0.002* 
Antibiotic or antiviral 

therapy  
12  66.67  17  44.74  0.898  0.001* 

Prolonged steroid use  7  38.89  6  15.79  0.914  0.000* 
Chemotherapy  1  5.556  0  0.00  0.309  0.013* 

COBD: chronic obstructive pulmonary disease, ARDS: Acute respiratory distress 
syndrome. 
t-Test: paired t-test, χ2 = Chi square test. 

* P < 0.05 = significant. 

Table 5 
Type of fungal species found in the studied patients.  

Fungal species Post-COVID-19 Non-COVID-19 Significance 

N =
18 

% N =
38 

% χ2 P 

Rhizopus oryzae  8  44.44  7  18.42  9.972  0.001* 
Aspergillus 

fumigatus  
6  33.33  10  26.32  5.982  0.003* 

Absidia mucor  2  11.11  1  2.63  6.454  0.002* 
Others  2  11.11  20  52.63  − 14.25  0.000* 

χ2 = Chi square test. 
* P < 0.05 = significant. 
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associated with diabetic ketoacidosis. Second is the defect in immune 
system such as hematological malignancies and chronic renal insuffi
ciency [4,11]. 

Pathology examination is the corner stone in diagnosing several 
challenging diseases including the fungal sinusitis, where is the micro
scopic examination of fungal ball on low power might be confused with 
the eosinophilic mucin seen in allergic rhinosinusitis, since both have a 
“layered” appearance, but this confusion is usually lost on high power 
revealing abundant fungal organisms [12–15]. 

Our patients were diabetics in 44.4% of post-COVID-19 AIFRS and in 
28.9% of AIFRS patients with non-COVID-19. Bakhshaee et al. [1] found 
that the most common underlying disorder in AIFRS patients was dia
betes mellitus (50%), then leukemia (44.4%). In studies of Kursun et al. 
[16], Mohammadi et al. [17], Kermani et al. [18], the most common 
underlying disorders affecting the immune system were the diabetes 
mellitus and, to a lesser extent, hematological malignancies and chronic 
renal insufficiency. This may be due to the fungal affinity for acidotic 
environments with high glucose concentrations [19]. 

The second subset of patients are those who are immunosuppressed 
such as those with neutropenia, HIV/AIDS, hematological malignancies 
and patients receiving chemotherapy [4]. Patients who receive immuno- 
suppressive drugs in the present study represent 16.7% in post-COVID- 
19 patients AIFRS and 2.63% in patients with non-COVID-19. 
Although neutropenia is strongly associated with AIFR- (22.2%) in 
post-COVID-19, the vast majority of these patients have a hematological 
depletion. 

In a study by Turner et al. [20] they found that 47.8% of their pa
tients were diabetics, 39.0% having hematologic malignancies, 27.6% 
with corticosteroid use, 6.6% renal or liver failure, 6.3% organ trans
plantation, 2.3% AIDS, and 1.2%autoimmune disease. 

These patients often have Rhizopus oryzae (44.4%) and Aspergillus 
fumigatus (33.3%) species isolated in post-COVID-19 patients and 
18.4% & 26.3% in non-COVID-19 patients, respectively. There is an 
additional small subset of patients with a propensity to develop AIFR. It 
is those who are iron overloaded or in renal failure and receive defer
oxamine for iron chelation [4]. Some fungi (Rhizopus) can bind to 
deferoxamine that supply fungus with extra iron which aids its growth 
[21]. 

There is a role that suggests that diabetic patient's survival is better 
than patients with immunosuppression [19]. This has been attributed to 
the more easily optimized disease state. However, there is no evidence to 
suggest that the specific pathogen isolated can help inform prognosis. 
Other factors which appear to be related to a poorer prognosis include: 
older patients, aplastic anemia, delayed diagnosis, concurrent hep
atorenal failure, intracranial complications and neutropenia [20,22]. 

Heard et al. [23] suggested COVID-19 fungal research investigate 
invasive Candida species as potential pathogens, the environmental 
factors such as rapid changes to ICU capacity and the infra-structure 
might increase the risk of COVID-19-associated respiratory aspergil
losis, and the potential hazards of un-treating invasive aspergillosis. 

The consolidation of a key demonstrative calculation is pivotal for 
recognizing obtrusive contagious illness in patients with COVID-19 who 
require critical-care and ought to be done as often as possible all through 
the period of serious respiratory trouble [24]. 

In our study we found that prolonged use of antibiotics, steroids, 
immunosuppressive drugs that may be used in treatment of COVID-19 
exacerbate acute invasive fungal infection. 

Mehta and Pandey [8] concluded that COVID-19 is associated sec
ondary infections; both bacterial and fungal due to immune dysregula
tion. Additionally, the widespread use of steroids/monoclonal 
antibodies/broad-spectrum antibiotics as part of the armamentarium 
against COVID-19 may lead to the development/exacerbation of pre
existing fungal diseases. 

Doctors ought to be mindful of the plausibility of invasive secondary 
fungal infections in patients with COVID-19 disease particularly in pa
tients with preexisting risk factors and ought to empower early diagnosis 

and treatment with the ensuing diminishment of mortality and 
morbidity. The use of medications should to be checked to attain a 
perfect dose in the shortest duration. The use of broad-spectrum anti- 
microbials should be re-evaluated. 

Patients hospitalized in intensive care units (ICU) for COVID-19 
share risk factors and underlying diseases reported for invasive fungal 
disease, corticosteroid therapy, intubation or mechanical ventilation, 
and cytokinic storm were blamed [7]. 

Recent publications reported at least 10% of co-infection during 
COVID-19 in patients hospitalized in ICU for ARDS, among them 
Aspergillus infections [25]. Besides, the incidence of invasive pulmo
nary aspergillosis (IPA) in ICU patients admitted for severe influenza A 
and B is high reached 19% versus 5% in patients with severe pneumonia 
other than flu [26]. 

In addition, the pathophysiology of COVID-19 had co-morbidity with 
invasive fungal infection (IFI); first, the high aggressive feature of SARS- 
CoV-2 virus to the respiratory system made the IFI occurrence very 
likely, specifically those with airborne route of infection such as pneu
mocystosis and mucormycosis [27], second, absolute number of T 
lymphocytes, CD4+T and CD8+T cells are markedly lower in severe 
COVID-19 cases than in moderate cases, associated with markedly 
higher levels of IL-2R, IL-6, IL-10, TNF-alpha and some other inflam
matory markers [28,29]. The complement system, while a first-line 
immune defense against invading pathogens, has off-target effects that 
lead to increases in inflammation, tissue damage, and thrombosis; these 
are common, life-threatening complications seen in patients with 
COVID-19 [30]. 

Turbin et al. [31] studied CT images for COVID-19 in sinusitis pa
tients and found 2 cases characterized by dense and T1 hyperintense 
sinus substance, who accepted to speak to inspissated secretions and 
deposition of calcium salts or metals such as Mg, Mn and Fe, and typi
cally seen with chronic invasive or allergic fungal sinusitis. However, 
they demonstrated features associated with acute invasive disease. 
Another case was characterized by hypodense, fluid signal contents, 
unlike the increased density seen with chronic invasive fungal sinusitis. 
Moreover, there was subtle involvement of the peri-antral fat, a finding 
relatively specific for invasive fungal sinusitis. 

By comparing the number of patients of AIFRS in the last 4 years it is 
found that the number of patients increased up to triple in 2020. The 
increased number of AIFRS in 2020 is attributed to the increased number 
of COVID-19 with subsequent use of high dose of corticosteroid and 
immunosuppressant drugs and also to the immunological disturbance 
associated with COVID 19 infection. 

5. Conclusions 

The incidence of AIFRS is markedly more prominent in post-COVID- 
19 patients than in non-COVID-19 especially in immuno-compromised 
patients, diabetic, renal and liver dysfunction patients and patients 
with risk factors for rhinosinusitis. 
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