Head and Neck Pathology (2024) 18:104
https://doi.org/10.1007/s12105-024-01711-9

RESEARCH ——

®

Check for
updates

Invasive Fungal Rhinosinusitis: The First Histopathological Study in
Vietham

Giang Huong Tran'2 - Khoa Anh Luong'® - Thinh Phuc Ngo? - Tri Minh Bui® - Bac An Luong?® - Hoang Anh Vu'-3

Received: 18 August 2024 / Accepted: 24 September 2024 / Published online: 16 October 2024
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract

Background Invasive fungal rhinosinusitis (IRFS) is a rare but highly fatal disease. The two primary groups of pathogens,
Mucorales and Aspergillus, require different treatments and have distinct prognoses.

Purpose This study aimed to analyze the histopathological features of IFRS.

Methods We conducted a retrospective study involving 57 IFRS cases. Demographic and comorbid characteristics were
obtained from clinical records. Two pathologists independently examined the histopathological features using H&E, PAS,
and GMS-stained slides. Fungal groups were identified with PCR under the guidance of histopathology.

Results The mean age of IFRS was 58.9 + 13.4. The male-to-female ratio was 1.4:1. 100% of cases had diabetes comorbid-
ity. Mucorales, Aspergillus, and other fungi were found in 61.4%, 33.3%, and 5.3% of cases, respectively. No Aspergil-
lus and Mucorales co-infections were detected. Histopathology and PCR results were strongly concordant in classifying
pathogens (Cohen’s kappa=_84.2%, 95% CI 60.1% — 100%, p <0.001). Mucormycosis exhibited higher rates of extensive
necrosis and vascular invasion, and lower rates of pigment and spore presence than the non-Mucormycosis group (p < 0.001,
p=0.01, p=0.02, p=0.03, respectively). Extensive necrosis and vascular invasion were statistically significantly correlative
(OR=13.03, 95% CI 2.62-64.75, p=0.002).

Conclusions IFRS predominantly affects older adults and males. Histopathology is a reliable method for differentiating
between Mucorales and Aspergillus. When extensive necrosis is detected, it is critical to investigate for vascular invasion
carefully. The vascular invasion, degree of necrosis, pigments, and spores are valuable factors for distinguishing fungal
agents of IFRS.
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Introduction non-invasive [1]. IFRS is characterized by the presence of
fungal hyphae in the mucosa, submucosa, blood vessels, or
bone of the nasal and paranasal sinuses as observed through
histopathology [2]. Fungi are not uncommon causes, con-

tributing to approximately 11% of all rhinosinusitis cases

Invasive fungal rhinosinusitis is now emerging as a global
issue. A definitive diagnosis of fungal rhinosinusitis is made
based on tissue biopsy and classified as either invasive or
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[3]. Although invasive fungal infections (IFI) are relatively
rare, occurring in about 6 cases per 100,000 individuals per
year [4], they carry a notably high annual mortality rate,
reaching up to 85.2% in those with severe invasive Asper-
gillosis [5]. The sinuses are one of the frequent sites for
invasive fungal infections, second-ranked following after
the lungs [6]. The progression of IFRS is often serious, with
the potential for invasion into the orbital cavity and brain,
leading to death or significant long-term complications [7].
Notably, Mucormycosis, also known as black fungus, typi-
cally affects the lungs and the sinuses [8] and is associated
with a poor prognosis, with an overall mortality rate of up to
78% in rhinocerebral cases [9].

The two primary groups of pathogens causing IFRS are
Mucorales and Aspergillus, each requiring distinct treatment
approaches and exhibiting different prognoses [2]. The diag-
nosis of IFRS necessitates prompt and precise detection of
fungal presence in tissue, together with accurate differentia-
tion between Mucormycosis and Aspergillosis. Diagnostic
tests include histopathology, direct microscopy, fungal cul-
ture, and polymerase chain reaction (PCR) [10]. PCR analy-
sis of fresh or formalin-fixed, paraffin-embedded (FFPE)
tissue samples is highly effective in identifying pathogens
due to its considerable specificity. However, the sensitivity
of this test varies among different studies [11-13]. Fungal
cultures also aid in identifying the fungal species, but this
method is time-consuming and has low sensitivity [14, 15].
Direct microscopy is frequently employed as an initial diag-
nostic approach. However, this test has an even lower sen-
sitivity than fungal cultures [16], due to the smaller fungal
quantity involved and the lack of fungal population amplifi-
cation. Among these laboratory tests, histopathology, which
confirms the presence of fungal hyphae in tissue, remains
the gold standard for diagnosis [17, 18]. Histopathological
testing offers the advantages of high sensitivity and specific-
ity [19], along with reduced time requirements. Addition-
ally, by assessing histopathology, including the location
of suspected structures and type of cellular reaction, the
pathologist can identify the fungal group responsible for the
disease and determine whether it is the true causative agent
or merely a contaminant [10]. However, while this method
can help distinguish between the two main groups of IFRS
agents, it still relies on the pathologist’s experience, espe-
cially in challenging cases. Consequently, it is essential to
compare histopathology results with PCR findings to vali-
date the accuracy of histopathology in identifying patho-
genic fungal groups.

IFRS frequently occurs in immunocompromised individ-
uals. Recognized risk factors include poorly controlled dia-
betes, organ transplantation, hematological malignancies,
and HIV infection. Additionally, the outbreak and decline of
the Coronavirus disease 2019 (COVID-19) pandemic have
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led to numerous case reports and studies linking IFRS to
this viral infection. Current literature indicates that COVID-
19 induces immune system dysregulation [20], coupled
with systemic steroid treatment, which predisposes patients
to opportunistic pathogens [21]. Despite recent observations
of increased IFRS cases following the COVID-19 pandemic
[22-24], purely histopathological studies of IFRS are still
limited. Therefore, we conducted this study to enhance our
understanding of this severe disease.

Materials and Methods
Inclusion and Exclusion Criteria

The retrospective study was conducted on 57 IFRS cases
at the Department of Pathology, University Medical Cen-
ter at Ho Chi Minh City, and the Department of Pathology,
University of Medicine and Pharmacy at Ho Chi Minh City,
from 01/2021 to 12/2023. All cases included in this study
met the criteria of proven invasive fungal disease from The
European Organization for Research and Treatment of Can-
cer and the Mycoses Study Group Education and Research
Consortium — [EORTC/MSGERC] [25].

Specifically

— Cases with fungi visible in the tissue on H&E (Hema-
toxylin and Eosin).

— Cases with suspected fungi on H&E and PAS or GMS
positive for fungi.

— Cases with suspected fungi on H&E and direct micros-
copy or culture detecting fungi.

— Cases with suspected fungi on H&E and PCR detecting
fungal DNA.

Exclusion criteria for this study included missing informa-
tion on age or gender, improperly fixed and processed tissue
specimens, insufficient tissue for special staining and PCR,
and inability to identify the mucosal structures due to exces-
sive necrosis.

PCR Procedure

We performed single-primer PCR assays for two fungal
pathogens: Mucorales and Aspergillus, adhering to the pro-
tocols established by the Center for Molecular Biomedicine
at the University of Medicine and Pharmacy at Ho Chi Minh
City. Initially, pathogens were identified based on morphol-
ogy using HE, GMS, and PAS stains. Specimens diagnosed
with Mucormycosis or Aspergillosis via histopathology
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were then subjected to PCR using corresponding specific
primers. The PCR products were analyzed through electro-
phoresis on a 1% agarose gel with a 1Kb DNA ladder as a
reference. Electrophoresis results facilitated the identifica-
tion of Mucorales or Aspergillus in the samples based on
the size of the electrophoretic bands and comparison with
control samples. If PCR results were negative, the samples
were subsequently tested using primer for the remaining
fungal group. In cases where Mucorales and Aspergil-
lus co-infection, or fungal infections other than these two
pathogens, was suspected, sequential PCR was performed
with both primers to confirm mono-infection, Aspergillus
and Mucorales co-infection, or other fungal infections. All
specimens where fungi were identified on histopathology
but yielded negative PCR results for both primers were cate-
gorized as infections with other fungal groups. Any negative
PCR results were repeated once to minimize the potential
for false negatives.

The primers utilized in this study were procured from
Integrated DNA Technologies. The primer sequences for
amplifying the 18 S rRNA gene region of Mucorales were
derived from the research of Rickerts et al. [26]. A primer
pair was designed to amplify a region of the Aspergillus
18 S rRNA gene using the Primer-BLAST tool on the NCBI
website. This primer pair was validated using a control
sample of Aspergillus flavus cultured in the laboratory. The
sequences of the two primer pairs are detailed in Table 1.

Demographic, Comorbid, and Histopathological
Characteristics

Patient’s age, sex, and comorbidity data were collected from
clinical records. All cases were stained with H&E, PAS, and
GMS, following the protocols of the University of Medicine
and Pharmacy at Ho Chi Minh City, based on the literature
of Kim Suvarna S et al. [27]. The causative agent was clas-
sified as Aspergillus, Mucorales, Aspergillus and Mucorales
co-infection, or other fungi based on PCR results performed
under the guidance of histopathological fungal morphol-
ogy. Mucormycosis is histopathologically suspected when
tissue samples show non-pigmented, broad (520 pm),

Table 1 Primer pair sequences for amplifying the 18 S rRNA gene
region of Mucorales and Aspergillus

Gene Code Primer sequences (5° — 3°) PCR
regions length
(base
pairs)
Mucorales
18 S-IRNA  ANZM1 ATTACCATGAGCAAATCAGA 173
ANZM3 TCCAAGAATTTCACCTCTAG
Aspergillus
18 S-rIRNA 18 S-F2  AACGAGGAATGCCTAGTAGG 177
18 S-R2  CTAAATGACCGGGTTTGACC

thin-walled, ribbon-like, non-septate or minimally septated,
and right-angle branching hyphae [28], while Aspergillosis
is characterized by thin (3—12 um), septate, and acute-angle
branching hyphae [29]. The anatomical locations of the fun-
gal invasion were determined by collecting CT scan results,
surgical reports, and pathology findings. Histopathological
features consisting of mucosal or bone invasion, neutrophil
infiltration, eosinophil infiltration, stromal edema, granulo-
matous inflammation, necrosis, vascular invasion, perineu-
ral invasion, the presence of fungal pigments and spores
were analyzed on H&E-stained slides by two pathologists
to ensure diagnostic accuracy. The thresholds for inflam-
matory cell infiltration are > 1 extravasated neutrophil per
high-power field (HPF) [30] and >5 eosinophils per HPF
[31], respectively. Granulomatous inflammation is char-
acterized by the aggregate of activated histiocytes, which
transform into epithelioid cells or coalesce to form multinu-
cleated giant cells [32]. Vascular invasion is defined as the
presence of fungal hyphae within the blood vessel wall or
the vessel lumen accompanied by thrombosis [33]. Perineu-
ral invasion is the occurrence of fungal hyphae within nerve
bundles [33]. The degree of necrosis is classified as absent,
mild, or extensive based on the proportion of necrotic tis-
sue area relative to the total tissue sample area. Specifically,
this classification is as follows: absent (0%), mild (less than
50%), and extensive (50% or more of the tissue sample
affected by necrosis).

Statistical Analysis

Data were managed and analyzed using STATA 17.0 soft-
ware. 95% confidence intervals were employed for sta-
tistical comparisons, with p-values<0.05 considered
statistically significant. Fisher’s exact and Chi-squared tests
were used for categorical variables, while Student’s t-test
was employed for continuous variables. The agreement
between fungal classification results based on histopathol-
ogy and PCR was assessed using Cohen’s kappa coefficient
[34].

Results

Prevalence of Fungal Agents and Comparative
Analysis of Histopathology and PCR

In this study, fungal etiologies of IFRS were identified
using PCR. Mucorales was predominated, accounting for
61.4% (35/57, 95% CI 47.6% — 74%) of cases, followed
by Aspergillus at 33.3% (19/57, 95% CI 21.4% — 47.1%),
and other fungi at 5.3% (3/57, 95% CI 1.1% — 14.6%). No
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co-infections involving both Aspergillus and Mucorales
were detected.

Among 38 cases initially suspected to be Mucormyco-
sis based on histopathological examination, 4 cases (4/38,
10.5%) were identified as Aspergillosis through PCR anal-
ysis. Conversely, of the 18 cases initially thought to be
infected with Aspergillus on histopathology, PCR confirmed
1 case (1/18, 5.6%) as Mucorales and 3 cases (3/18, 16.7%)
as other fungi. Additionally, there was one case of fungal
infection presenting with two morphologies on histopa-
thology; however, PCR results indicated that this case was
solely infected with Aspergillus. The Cohen’s kappa coeffi-
cient for comparing pathogen identification results between
histopathology and PCR is 84.2%, (p <0.001), as shown in
Table 2.

Demographics and Comorbidity

In this study, the average age of onset for individuals with
IFRS was 58.9 +13.4 years, ranging from 19 to 94 years.
The most prevalent age group for the disease is 60—69 years,
comprising 29.8% of cases (Table 3). The mean age was
58.6 +14.8 years for men and 59.3 +11.5 years for women.
Statistical analysis using a t-test indicated no significant dif-
ference in onset age between genders (p =0.86).

The mean age of patients with invasive Aspergillosis was
63.7 +14.8 years, while for those with invasive Mucormy-
cosis, it was 56.9+12.3 years. A t-test revealed no statisti-
cally significant difference in the mean age between these
two groups (p=0.08).

The study comprised 33 male and 24 female patients,
corresponding to a male-to-female ratio of 1.4:1. Statisti-
cal analysis using the Chi-squared test found no signifi-
cant association between male gender and Mucormycosis
(p=0.34) (Table 4).

Comorbidities were diabetes mellitus and pulmonary
tuberculosis, which accounted for 100% and 1.8%, respec-
tively (Table 3).

Histopathological Characteristics

In 42.1% of cases, the fungi invaded multiple anatomical
sites. Specifically, invasion occurred in the following propor-
tions: maxillary sinuses (52.6%), sphenoid sinuses (36.8%),
nasal cavity (31.6%), ethmoid sinuses (19.3%), orbital cavi-
ties (12.3%), frontal sinuses (3.5%), and cerebrum (3.5%).
Statistical analysis did not reveal a significant association
between invasion of more than one site and Mucormycosis,
nor did it indicate significant associations between each site
of invasion and this group of fungi (Table 4).

The proportions of mucosal and bone invasion were
70.2% and 29.8%, respectively. Neutrophil and eosinophil
infiltration occurred in 98.2% and 50.9% of cases, respec-
tively. Stromal edema and granulomatous inflammation
were present in 50.9% and 42.1% of cases, respectively. All
cases exhibited necrosis, with extensive necrosis in 56.1%
and mild necrosis in the remaining. Vascular and perineural
invasion were found in 33.3% and 7% of cases, respectively
(Table 3) (Fig. 1). The rate of perineural invasion was sig-
nificantly lower than that of vascular invasion (p <0.001).
Fungal pigments and spores were present in 24.6% and
5.3% of cases, respectively (Table 3).

The percentages of extensive necrosis and vascular
invasion in Mucormycosis were statistically significantly
higher than in the non-Mucormycosis group (p <0.001, and
p=0.01, respectively) (Table 4). In contrast, the non-Mucor-
mycosis group had higher rates of the presence of fungal
pigments and spores than Mucormycosis (p=0.02, and
p=0.03, respectively) (Table 4). No statistically significant
associations were found between bone invasion, neutrophil
infiltration, eosinophil infiltration, stromal edema, and gran-
ulomatous inflammation with pathogen groups (Table 4).
Although the Mucormycosis group exhibited more perineu-
ral invasion than the non-Mucormycosis group, this differ-
ence was not statistically significant (p=0.15) (Table 4).

These tests were used to compare the two groups Mucor-
mycosis and non-Mucormycosis.)

Most cases of mild necrosis did not exhibit vascular
invasion (23 out of 25 cases, or 92%). In contrast, vascular
invasion was observed in a significant proportion of cases

Table 2 Comparison of PCR and histopathology results for pathogen classification

PCR results Total
Mucorales Aspergillus Co-infection™* Others**
Histopathological results Mucorales 34 4 0 0 38
Aspergillus 1 14 0 3 18
Co-infection*® 0 1 0 0 1
Others** 0 0 0 0 0
Total 35 19 0 3 57

Cohen’s Kappa coefficient for comparison was 84.2%, (95% confidence interval: 60.1 — 100%), p <0.001

* Mucorales and Aspergillus co-infection

** Fungal infections other than Mucorales and Aspergillus
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Table 3 Demographic, comorbid, and histopathological characteristics
of IFRS

Characteristics Summary statistics* (n=>57)
Age 58.9+13.4 (range: 19-94)
<20 1(1.8)
20-29 0(0)
30-39 3(5.3)
40-49 10 (17.5)
50-59 16 (28.1)
60-69 17 (29.8)
70-79 8 (14)
>80 2(3.5)
Male 33 (57.9)
Comorbidity

Diabetes 57 (100)
Tuberculosis 1(1.8)
Fungal groups

Mucormycosis 35(61.4)
Aspergillosis 19 (33.3)
Others 3(5.3)
Sites of fungal invasion

Nasal cavity 18 (31.6)
Maxillary sinuses 30 (52.6)
Ethmoid sinuses 11 (19.3)
Sphenoid sinuses 21 (36.8)
Frontal sinuses 2(3.5)
Orbital cavities 7(12.3)
Cerebrum 2(3.5)
Number of invasive location

One location 33 (57.9)
More than one location 24 (42.1)
Histopathological features

Mucosal invasion 40 (70.2)
Bone invasion 17 (29.8)
Neutrophil infiltration 56 (98.2)
Eosinophil infiltration 29 (50.9)
Stromal edema 29 (50.9)
Granulomatous inflammation 24 (42.1)
Necrosis 57 (100)
Vascular invasion 19 (33.3)
Perineural invasion 4(7)
Fungal pigments 14 (24.6)
Fungal spores 3(5.3)
Degree of necrosis

Mild 25 (43.9)
Extensive 32 (56.1)

*N (%) for categorical variables and Mean + SD for continuous vari-
ables

with extensive necrosis (17 out of 32 cases, or 53.1%). The
association between extensive necrosis and vascular inva-
sion was statistically significant (OR=13.03, 95% CI 2.62—
64.75, p=0.002) (Table 5).

Disscussion

Prevalence of Fungal Agents and Comparative
Analysis of Histopathology and PCR

Our study showed that Mucorales and Aspergillus are the
two main fungal groups responsible for IFRS, which aligns
with the literature [2]. However, differences in the distribu-
tion of fungal groups persist between reports, likely due to
variations in sample number and epidemiological character-
istics. Fadda GL et al. conducted a study of 17 cases in Italy,
which revealed that Aspergillus fumigatus was responsible
for 41.2%, Rhizomucor and Penicillium each accounted for
5.9% of cases, and in 47% of patients, the causative agent
was not specified [35]. Chaturantabut S et al. conducted
PCR on 20 IFRS cases, finding that Aspergillus accounted
for 45%, Mucorales accounted for only 5%, and the remain-
ing fungi accounted for 50% [36]. In contrast, EI-Kholy NA
et al. investigated 36 patients with post-COVID-19 IFRS
and revealed that 77.8% of the cases were infected with
Mucorales, while 30.6% were infected with Aspergillus [7],
meaning the rate of co-infection was 8.3%.

The PCR results revealed that 3 out of 57 cases (5.3%)
were negative for Aspergillus and Mucorales primers. Med-
ical literature indicates that certain rare filamentous fungi
may exhibit morphological similarities to these two fungal
groups, which can complicate the diagnosis. Specifically,
Fusarium and Pseudallescheria boydii are two fungi that
require careful differential diagnosis due to their morphol-
ogy overlapping Aspergillus. Invasive fusariosis, caused by
Fusarium species, is associated with a poor prognosis, with
a mortality rate of approximately 56% [37], and can esca-
late to 60 — 100% in disseminated cases [38]. IFRS caused
by Pseudallescheria boydii is extremely rare, with only a
few cases documented in the literature. This pathogen is
often resistant to Amphotericin B, and the mortality rate in
patients with immunodeficiency is notably high [39].

Histopathology and PCR results showed strong agree-
ment in identifying pathogenic fungal groups. This under-
scores that histopathology remains a reliable diagnostic tool
for distinguishing Mucormycosis from Aspergillosis. Dis-
crepancies between histopathology and PCR typically arise
in cases where the tissue sample exhibits extensive necrosis,
which can distort fungal hyphae morphology and compli-
cate the differential diagnosis. This limitation highlights the
importance of employing fungal culture and PCR, as these
methods can provide more precise identification of the fun-
gal species responsible for the infection.
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Table 4 Association between demographic and histopathological characteristics and invasive mucormycosis

Characteristics Fungal groups* p-value
Mucormycosis (n=235) Non-Mucormycosis (n=22) o
Aspergillosis (n=19) Others (n=3) Both (n=22)
Age 56.9+12.3 63.7+14.8 52.3+10.3 62.1+14.6 0.15
Male 22/35 (62.9) 10/19 (52.6) 1/3 (33.3) 11/22 (50) 0.34
Site of fungal invasion
Nasal sinus 12/35 (34.3) 5/19 (26.3) 1/3 (33.3) 6/22 (27.3) 0.58
Maxillary sinuses 21/35 (60) 8/19 (42.1) 1/3 (33.3) 9/22 (40.9) 0.16
Ethmoid sinuses 8/35 (22.9) 3/19 (15.8) 0/3 (0) 3/22 (13.6) 0.50
Sphenoid sinuses 10/35 (28.6) 10/19 (52.6) 1/3 (33.3) 11/22 (50) 0.10
Frontal sinuses 0/35 (0) 2/19 (10.5) 0/3 (0) 2/22 (9.1) 0.15
Orbital cavities 2/35(5.7) 5/19 (26.3) 0/3 (0) 522 (22.7) 0.10
Cerebrum 2/35(5.7) 0/19 (0) 0/3 (0) 0/22 (0) 0.52
More than one invasive location 14/35 (40) 10/19 (52.6) 0/3 (0) 10/22 (45.5) 0.69
Histopathological features
Bone invasion 10/35 (28.6) 5/19 (26.3) 2/3 (66.7) 7/22 (31.8) 0.79
Neutrophil infiltration 34/35 (97.1) 19/19 (100) 3/3 (100) 22/22 (100) 1.00
Eosinophil infiltration 20/35(57.1) 8/19 (42.1) 1/3 (33.3) 9/22 (40.9) 0.23
Stromal edema 18/35 (51.4) 9/19 (47.4) 2/3 (66.7) 11/22 (50) 0.92
Granulomatous inflammation 15/35 (42.9) 8/19 (42.1) 1/3 (33.3) 9/22 (40.9) 0.89
Extensive necrosis 26/35 (74.3) 5/19 (26.3) 1/3 (33.3) 6/22 (27.3 <0.001
Vascular invasion 16/35 (45.7) 3/19 (15.8) 0/3 (0) 3/22 (13.6) 0.01
Perineural invasion 4/35 (11.4) 0/19 (0) 0/3 (0) 0/22 (0) 0.15
Fungal pigments 5/35 (14.3) 7/19 (36.8) 2/3 (66.7) 9/22 (40.9) 0.02
Fungal spores 0/35 (0) 3/19 (15.8) 0/3 (0) 3/22 (13.6) 0.03

*N (%) for categorical variables and Mean + SD for continuous variables

** Fisher’s exact and Chi-squared tests for categorical variables and Student’s t-test for continuous variables

Fig. 1 Microscopic features. (A)
Narrow, septate, acute-angle
branching Aspergillus hyphae
(H&E, X400). (B) Broad, non-
septate, ribbon-like, right-angle
branching Mucorales hyphae
(H&E, X400). (C) Pigmented
conidiophores of Aspergillus
(H&E, X400). (D) PAS-positive
Mucorales hyphae (PAS, X400).
(E) GMS-stained Aspergillus
hyphae (GMS, X400). (F) Fungal
pigments (H&E, X400). (G)
Hyphae invade a vascular wall
(H&E, X100). (H) A degenera-
tive neural bundle within a region
of extensively necrotic tissue
(H&E, X40). (I) Higher magnifi-
cation of the red-circled field (H)
shows several hyphae invading
the nerve bundle (H&E, X100).
Red arrows indicate the fungal
hyphae
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Table 5 Correlation between extensive necrosis and vascular invasion in IFRS

Degree of tissue necrosis Vascular invasion p-value* OR (95% CI)
Present Absent

Extensive 17/32 (53.1%) 15/32 (46.9%) 0.002 13.03 (2.62—64.75)

Mild 2/25 (8%) 23/25 (92%)

* Fisher’s exact test

Demographics and Comorbidity

Our study found that IFRS was more prevalent among
men and older adults, commonly over 40 years, which
aligns with previous research [19, 23, 40—42]. In addition
to older age and male gender, several immunocompromis-
ing conditions are associated with invasive fungal disease,
including uncontrolled diabetes, solid organ transplanta-
tion, hematopoietic stem cell transplantation, HIV infection,
tuberculosis, cytomegalovirus infection, and more recently,
COVID-19 [43]. A recent review of Kurokawa M et al.
indicated that 36 — 40% of Mucormycosis and 21 — 34%
of Aspergillosis cases were associated with diabetes, with
an observed increase in incidence following the COVID-19
pandemic [1]. In contrast, our study reported a significantly
higher rate of concurrent diabetes, with 100% of our cases
presenting with this condition. In addition, only one case of
co-infection with pulmonary tuberculosis was reported, and
no instances of immunodeficiency from other causes were
observed, possibly due to the limited number that was not
representative. For these immunocompromised individuals,
prompt diagnosis and accurate identification of the caus-
ative agents are crucial, as antifungal treatments can lead
to severe complications. Amphotericin B, a key antifungal
medication with proven effectiveness, must be used judi-
ciously due to its potential for significant toxicities, particu-
larly in patients with multiple underlying life-threatening
conditions [44].

Histopathological Characteristics

Based on the existing literature, IFRS is classified into
three primary types: acute IFRS, chronic IFRS, and chronic
granulomatous IFRS; which is mainly based on the time of
disease onset and clinical course [2]. However, in our study,
these data were not collected, which precluded precise clas-
sification of IFRS types. Nevertheless, we suggest that most
cases in our study likely fall into the acute IFRS category.
This suggestion is supported by the predominant histopath-
ological features indicative of acute inflammation: 98.2%
of cases exhibited neutrophil infiltration, 100% showed
necrosis (with 56.1% displaying extensive necrosis), 50.9%
had stromal edema, and 33.3% demonstrated vascular
invasion. Furthermore, the significant granulomatous reac-
tion observed in 42.1% of cases suggests that a substantial

proportion of patients may have been hospitalized due to
acute exacerbations of underlying chronic invasive fun-
gal disease. Further clinical-histopathological studies are
needed to address the limitations of this study.

Due to significant differences in treatment approaches,
we find it essential to investigate the IFRS’s histopathologi-
cal characteristics and to compare the features of Mucor-
mycosis and the non-Mucormycosis group. Despite this,
there is a notable lack of research comparing the histo-
pathological features of different invasive fungal pathogens
in the nasal and paranasal sinuses. Although some known
unfavorable factors are poorly controlled diabetes and brain
involvement [45], the discrepancy in prognosis between
Mucormycosis and Aspergillosis continues to be a subject
of debate [45-49].

The literature indicated that orbital invasion is more
likely to occur in Mucormycosis than in Aspergillosis [1].
In contrast, our results showed that Aspergillus exhibited
a higher incidence of orbital involvement than Mucorales;
however, this difference was not statistically significant.
The rate of fungal cerebral invasion in our study was signifi-
cantly lower compared to the 55% observed in the sinonasal
Mucormycosis patients in the review of Roden et al. [50].
These differences may be attributed to the limited sample
number of our study.

Although both Aspergillus and Mucorales fungi can
invade blood vessels, Mucorales are especially noted for
their pronounced affinity for arterial invasion, a key element
in the pathogenesis of IFRS [2]. Mucorales invade and pro-
liferate along vessel walls, which leads to disruption of the
tunica media. The fungal hyphae subsequently grow within
the vessel lumen, causing thrombus formation and coagu-
lative necrosis. After the vascular invasion, Mucorales can
rapidly breach the carotid artery, spread intracranially, and
involve other areas, potentially leading to rapid mortality,
particularly in acute IFRS cases [1, 2]. This mechanism
explains the correlation between necrosis and vascular inva-
sion observed in our study. The statistically significant asso-
ciation between the degree of necrosis and vascular invasion
suggests that careful examination for vascular invasion is
particularly crucial in cases of extensive necrosis.

Our data reveal a higher incidence of perineural invasion
in the Mucormycosis group (11.4%) compared to the non-
Mucormycosis group (0%). However, this difference was
not statistically significant (p=0.15). Mucormycosis has
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been documented in the literature as having a propensity to
invade the perineural [1], and cranial nerve presentations
are considered to be hallmarks of IFRS caused by Mucora-
les in contrast to Aspergillus [47]. These results highlight
the need for further research with larger sample sizes to elu-
cidate the correlation between this histopathological factor
and different fungal agents.

In addition to the typical morphological features of
hyphae, vascular and perineural invasion may serve as
potential differentiators between Mucormycosis and the
others. Although histopathological factors are theoretically
important in the pathogenesis of IFRS, no established histo-
pathological-based prognostic system currently exists. Our
study reveals that, while identifying hyphal morphology
and detecting vascular and perineural invasion are crucial
for diagnosis, these tasks are challenging due to extensive
necrosis in all IFRS cases involved in our study. Severe
necrosis often distorts and enlarges hyphae, obscuring the
distinguishing features of Mucorales and Aspergillus and
making it difficult to identify vascular and neural structures.
The sinus mucosa, characterized by its abundant thick-
walled, dilated blood vessels [51], facilitates the identifica-
tion of vascular structures compared to nerve bundles. This
may contribute to the observed higher incidence of vascular
invasion than perineural invasion. We hypothesize that the
transition zone between normal and necrotic tissue, where
ischemic necrosis has recently occurred, may be the most
appropriate site for sampling to identify the histopathologi-
cal features of IFRS. However, this hypothesis requires con-
firmation through further studies.

In comparison with other studies, our findings have sev-
eral similarities and differences. A remarkable study by Crist
H et al. [52] concluded that the presence of fungi within
necrotic tissue is the key to diagnosing acute IFRS in frozen
biopsy specimens. This finding is particularly relevant to our
work, as all cases in our study exhibited both fungal hyphae
and coagulative necrosis on histopathology. Regarding inva-
sive Mucormycosis, during and following the COVID-19
pandemic, the emergence of this disease has raised consid-
erable concern among Indian researchers. Recent influen-
tial studies by Sree Lakshmi I et al. [53], Ganesan N et al.
[33], Mani S et al. [54], and Keerthika R et al. [55] have
underscored the increasing incidence of invasive Mucormy-
cosis and have provided valuable insights into its clinical
and histopathological characteristics. However, these stud-
ies share the limitation of not utilizing molecular techniques
and lacking comparative analyses between Mucormycosis
and Aspergillosis, which could enhance diagnostic clarity.
When we compare our findings to those studies, it is evident
that necrosis is a prominent feature of invasive sinonasal
Mucormycosis, typically observed in over 60% of cases.
Vascular invasion also plays a critical role, occurring in 24

@ Springer

— 71.7% of cases. Conversely, perineural invasion is less
frequent, ranging from 8.3 to 16%. Notably, our study found
a higher incidence of granulomatous inflammation associ-
ated with Mucormycosis, reported at 42.9%, compared to
11 — 23.3% in other studies. In contrast to the diversity of
studies on invasive Mucormycosis, there is currently a lack
of published research on the histopathology of invasive
sinonasal Aspergillosis.

The statistically significant correlation between fungal
pigments and Aspergillus is a noteworthy finding. Despite
their great potential for fundamental biology and pharmaceu-
tical development [56], the role of fungal pigments in IFRS
has not yet been thoroughly investigated. Fungal pigments
can be categorized into four principal groups: carotenoids,
melanins, polyketides, and azaphilones. The majority of
these pigments are synthesized by four genera: Aspergillus,
Penicillium, Paecilomyces, and Monascus [56]. Notably,
the primary pathogenic species within Aspergillus genus
are capable of producing a diverse spectrum of pigments,
including yellow asperenone, yellow-green neoaspergillic
acid, yellow to orange-brown questin, red ferriaspergillin,
orange-red flavioline, reddish-brown viomellein, brown
eurorubrin, purple viopurpurin, black aspergillin, and dark
brown-black melanin [57]. In contrast, only a limited num-
ber of Mucorales species are known to synthesize pigments;
among them, Mucor circinelloides is notable for producing
yellow-orange B-carotene [57]. These insights are consis-
tent with our results. The broad spectrum of pigmentation
and their association with fungal groups necessitate a thor-
ough evaluation of this histopathological factor during the
diagnosis of IFRS.

An interesting correlation between the presence of fungal
spores and Aspergillus was identified. According to the lit-
erature, conidia of Aspergillus may be found in the infected
space is exposed to air, whereas sporangiospores of Muco-
rales are typically absent under such conditions [58]. Our
study is consistent with the findings reported in the litera-
ture. Therefore, it can be concluded that fungal spores are
absent within the tissue and are only present on air-exposed
surfaces. Although sporulation and conidiation are not eas-
ily distinguishable through histopathology compared to fun-
gal culture, the presence of spores in a biopsy specimen can
be a significant marker for fungal infection. Additionally,
the morphological characteristics of fungal reproductive
units may aid in differentiating between several common
fungal species.

Strengths, Limitations, and Future Opportunities of
this Study

Our study provides insights that can enhance the diagno-
sis of IFRS. However, it has certain objective limitations
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that warrant discussion. Firstly, our analysis was restricted
to FFPE samples, and we did not gather additional clini-
cal information beyond age, gender, and comorbidities.
Further research should involve essential clinical factors
not yet addressed in our study, including disease duration,
symptoms, imaging findings, treatment, and outcome. Addi-
tionally, utilizing electrophoresis to detect PCR products
presents another restriction. While electrophoresis is a valid
technique for analyzing PCR results [59], it does not pro-
vide specific DNA sequence information. Given the scope
and budget constraints, we did not pursue species identi-
fication. In the future, we aim to conduct additional stud-
ies on IFRS that utilize sequencing to accurately identify
pathogenic fungal species, thereby elucidating the etiology
of this disease. Another restriction to consider is that, due to
the diversity in color and chemical nature, fungal pigments
were not specifically classified in our research. Accurately
identifying these pigments requires advanced techniques,
commonly including infrared spectroscopy, spectroscopy
or ultraviolet-visible spectrophotometry, nuclear-resonance
spectroscopy, and mass spectrometry [60]. We hope that
future studies will involve larger sample sizes and employ
advanced techniques to investigate the role of specific fun-
gal pigments in diagnosing IFRS. Last but not least, as pre-
viously mentioned, establishing a histopathologically-based
prognostic system, determining the relationship between
perineural invasion and fungal pathogens, and investigating
the correlation between sampling sites and histopathological
factors are also issues that we aim to address in the future.

Conclusion

IFRS predominantly affects older adults and males. Histo-
pathology is a reliable method for differentiating between
Mucormycosis and Aspergillosis. In addition to hyphal mor-
phological features, the vascular invasion, degree of necro-
sis, and presence of fungal pigments and spores are valuable
for distinguishing IFRS’s two primary fungal agents. When
extensive necrosis is observed, it is crucial to carefully
investigate for vascular invasion, as there exists a significant
correlation between these two characteristics. Further stud-
ies with larger sample sizes and more clinical factors should
be conducted to develop a histopathologically-based prog-
nostic system, confirm the association between perineural
invasion and fungal groups, investigate the relationship
between the sampling site and histopathological features,
accurately identify pathogenic fungal species, and explore
the role of each specific fungal pigment in diagnosing IFRS.
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