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Abstract

Objective: This study aims to investigate the significance of eosinophils in the progression and prognosis of
destructive non-invasive fungal rhinosinusitis.

Methods: This was a retrospective study of 126 patients who were operated on for a nasal sinus disease
between 2010 and 2017; of these, 56 met the inclusion criteria. These were divided into two groups: (i)
Group 1, with only the destructive non-invasive sinus polyposis type, and (ii) Group 2, with all types of nasal
polyposis other than the destructive non-invasive sinus fungal polyposis type. Data including demographic
data, paranasal sinuses (PNS) CT scans, pre- and post-operative eosinophils count, histopathology of polyps,
and fungal cultures were collected from medical records from King Abdulaziz University Hospital, Jeddah,
Saudi Arabia. A nonparametric Wilcoxon signed-rank test was used to determine a significant difference of
p< 0.05. We performed multivariate analysis using repeated measure analysis of covariance (ANCOVA) and
adjusted for confounders such as age, sex, pre- and post-operative IgE, fungal culture, and histopathology of
the disease. Interaction between age, sex, IgE, and proportion of eosinophils was assessed at a p-value of
0.05.

Results: A significant difference was found between pre-and post-operative blood eosinophils levels in
Group 1 (p=0.01) after adjusting for confounders such as age, sex, fungal culture, pre and post IgE, and
histopathology of the disease. However, no significant difference was found in Group 2 (p= 0.663) even after
adjusting for age, sex, fungal culture, pre and post IgE, and histopathology of the disease. We did not find
any significant interaction (P>0.05) between pre- and post-operative levels of eosinophils with age, sex, and
fungal culture among Group 1 and Group 2.

Conclusions: There is a statistically significant difference in blood eosinophils between pre- and post-
operative levels in studied cases of destructive non-invasive fungal polyposis, a difference is not seen in
nasal sinus polyp cases other than destructive non-invasive fungal polyposis types. High pre-operative
eosinophils levels in destructive non-invasive fungal sinus polyposis types demonstrated the importance of
eosinophils in the pathogenesis of this disease. The blood eosinophils can therefore be considered an
important factor in the disease process and an indicator of the disease prognosis and destructive behavior.

Categories: Otolaryngology, Pathology, Hematology
Keywords: prognosis, destructive fungal nasal polyposis, chronic rhinosinusitis, blood levels, eosinophils

Introduction

Rhinosinusitis is a common disease affecting approximately 20% of the population [1]. Chronic
rhinosinusitis (CRS) is a chronic disease that accounts for >90% of all rhinosinusitis cases [2], and CRS with
nasal polyps has an incidence of 20-30% among CRS patients [3], with controversies surrounding the role of
fungi in this condition. CRS patients with nasal polyposis are commonly associated with having higher blood
eosinophils count than CRS patients without nasal polyposis [4-6], and therefore have different pathological
inflammatory pathways, cytokine profiles, and tissue remodeling, resulting in a different clinical
presentation [7-9]. Rowe-Jones and Moore Gillon proposed a chronic destructive but non-invasive (semi-
invasive) type of rhinosinusitis [10]. The criteria in this type are sinus expansion with bony erosion without
histological evidence of tissue invasion [10-12].

There is an important relation between eosinophil count and the pathogenesis of the destructive non-
invasive fungal disease, as eosinophils play a major role in the onset and progression of destructive behavior
fungal sinusitis [13-16]. Various studies demonstrate high levels of toxic Major Basic Protein (MBP) from
eosinophils in the mucus of patients with CRS [15-18].

Allergies may be associated with eosinophilic mucin, but eosinophilic mucin can be present independent of
patients' atopic or allergic status [19]. Nasal polyposis characterized by eosinophil-dominated inflammation

How to cite this article
Almaghrabi A A, Alnoury K I, Alkhulaifi A K (October 05, 2023) The Association Between Eosinophils and the Disease Process in Destructive Non-
invasive Fungal Rhinosinusitis. Cureus 15(10): e46558. DOI 10.7759/cureus.46558


https://www.cureus.com/users/546528-amal-a-almaghrabi
https://www.cureus.com/users/566243-khaled-i-alnoury-
https://www.cureus.com/users/566251-ahmed-alkhulaifi-
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

in fungal rhinosinusitis patients is a complex process, and understanding of the disease pathophysiology is
limited [4,13,20]. Ponikau et al. showed that fungal growth was found in 96% of patients with CRS with more
than 25% of them having type 1 hypersensitivity to fungi [21]. Several studies found that in CRS patients,
the activated eosinophils will promote the inflammatory effects of the disease [7,16,22].

To date, there is a lack of published data regarding the causes of the destructive non-invasive nature of
fungal nasal polyps. Therefore, this study aims to investigate the significance of eosinophil presence as a
major role in the pathogenesis and prognosis of destructive fungal non-invasive nasal polyposis, exploring
the possible causes that make the polyp of destructing nature to the tissues without invasion in some
patients with fungal nasal polyposis which could help in the management of such diseases.

Materials And Methods

Data collection and study procedures

In this retrospective study, a medical record review was done for 126 nasal sinus disease patients who
underwent nasal surgeries between 2010-2017 in King Abdulaziz University Hospital, Jeddah, Saudi Arabia.
Male and female patients diagnosed with nasal sinus polyposis diseases and between nine and 65 years of
age were included in the study. Fifty-six cases were found to meet these inclusion criteria, which were
divided into two groups. The inclusion criteria of the first group (Group 1) were the cases with only
destructive non-invasive fungal sinus polyposis type as shown by radiographic studies and histopathology
results and evidence of fungal sinus disease. The second group (Group 2) included cases of inflammatory
and allergic sinus polyposis, non-invasive fungal polyposis, invasive fungal sinus polyposis, and
granulomatous fungal sinus polyposis. Male and female patients diagnosed with non-polyposis nasal sinus
diseases and/or given steroids either pre- or post-operatively were excluded from the study.

Demographic data, para nasal sinus (PNS) CT scans, preoperative and one-month post-operative blood
eosinophils count percentage, histopathology of polyp, fungal cultures, IgE level pre- and post-operative,
and Phadiatop were all collected and recorded. The important variable was pre- and postoperative
eosinophils count, which were studied and investigated. The percentage reference ranges of blood
eosinophils in the laboratory of King Abdulaziz University Hospital, Jeddah, Saudi Arabia is 0-4%. During the
period of the current investigation, steroids were not given to the patients either pre- or post-operatively.

The selection process of cases is described in Figure 1. We selected two study groups of nasal sinus polyposis
disease cases as the available data. We reviewed the role of eosinophils in the disease process, pathogenesis,
and prognosis in the 20 studied cases of destructive non-invasive fungal sinus disease (Group 1) vs. 36 cases
of nasal polyp diseases, including fungal and non-fungal but not destructive non-invasive fungal type
(Group 2). The first group (20 cases), which included only the destructive non-invasive sinus polyposis type,
was characterized by sinus expansion and bone erosion, and remodeling, rarefication, or expansion of bones
were part of its destructive features. The second group (36 cases) included all types of nasal polyposis other
than the destructive non-invasive sinus fungal polyposis type (inflammatory sinus polyposis, allergic sinus
polyposis, non-invasive fungal polyposis, invasive sinus polyposis, and granulomatous sinus polyposis).
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FIGURE 1: Flow chart indicating the selection process of cases.

CBC: complete blood count

Statistical methods

A nonparametric Wilcoxon signed-rank test was used to determine a significant difference at p<0.05. In
addition, the statistical significance difference in pre- and post-operative eosinophil blood levels was
compared in both studied groups. Since it was pre- and post-operative data on eosinophils, we also ran the
multivariate analysis using repeated measure analysis of covariance (ANCOVA) and adjusted for
confounders such as patient’s age, sex, pre- and post-operative IgE, fungal culture, and histopathology of
the disease. Interaction between age, pre- and post-operative IgE, and proportion of eosinophils was
assessed at a p-value of 0.05.

Ethical considerations

This study was approved by the Ethics Committee of King Abdulaziz University, Unit of Biomedical Ethics
(ethic reference: 401-22). Informed consent was obtained from all participants prior to the commencement
of the study, and the study was conducted in accordance with the Declaration of Helsinki.

Results

The medical records of 126 patients operated on for nasal sinus disease between 2010 and 2017 were
reviewed. Of the 56 cases included, 20 were of destructive non-invasive sinus fungal polyposis, which was
termed Group 1, and the remaining 36 cases were other types of nasal polyposis and termed Group 2.

The demographic and disease characteristics of study participants including age, sex, histopathology, fungal
cultures, and the percentage of pre- and post-operative eosinophils of 20 studied cases from Group 1 are
shown in Table . In this retrospective study, the male-to-female ratio in Group 1 was 1:9 (90% female). The
ages of the subjects ranged from 13 to 55 years, with a mean age of 28.25 years and a standard deviation of
11.68 years. In this study group, 80% of histopathology results revealed the presence of fungal organisms.
Moreover, Aspergillus species were the most common fungi found in fungal culture, and among these cases, a
significantly greater proportion (66%) was identified to be Aspergillus flavus.
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Serial
no.

10
11

12
13

14
15

16
17

18
19

20

Age
(years)

13

13

20
37
43
26

47

26

33
33
15

15

23

31
21

34

18

26
55

36

Sex

Female

Female

Male

Female

Female

Female

Female

Female

Female

Female

Female

Female

Female

Female

Male

Female

Female

Female

Female

Female

Histopathology

Consistent with fungal sinusitis

Consistent with fungal sinusitis
Hypertrophic rhinitis+ fungal infection

Allergic polyps

Fungal sinusitis consistent with aspergillosis

Chronic sinusitis with fungal organisms
consistent with aspergillosis

Fungal polyposis

Hypertrophic poloidal changes consistent
with allergic aspergillosis

Inflammatory polyps
Fungal polyp

Allergic nasal polyp fungal organism identified

Consistent with fungal sinusitis

Inflammatory nasal polyp
Fungal polyps consistent with aspergillosis

Allergic fungal

Fungal
Culture

Aspergillus
species

A. flavus
A. fumigatus

Negative

A. flavus

A. flavus

A. flavus

A. flavus

A. fumigatus

A. flavus
A. nigra

A. flavus

Negative

A. flavus

Negative

Pre-operative
Eosinophils (%)

13.40

16.30

12.80
06.00
06.60
23.60

07.90

07.80

06.20
06.30
09.80

06.80

07.50

10.70
04.70

07.10

04.50

09.60
04.20

03.80

TABLE 1: Demographic and disease characteristics of Group 1 participants

-, data not available.

Post-operative
Eosinophils (%)

04.70

05.70

00.70
04.40
03.70
14.40

02.50

05.80

01.10
05.40
03.20

02.00

00.20

00.30
04.50

03.90

00.00

08.80
04.40

00.00

Phadiatop test, pre- and post-operative IgE test, and CT scan results are shown in Table 2. Phadiatop allergy
screening showed that 57.14% of the cases were negative whereas positivity was shown in 42.85% of the
cases. With regard to pre- and post-operative IgE blood levels, from the limited data available (as we did not
have enough data on IgE results from the Group 1 cases), we found that in six cases the pre-operative IgE
blood levels were higher than post-operative. The CT scan test results revealed the presence of destructive
features (characterized by sinus expansion and bone erosion) in all investigated cases, with 70% showing
fungal CT scan features. We recorded a significant pre- and post-operative difference in eosinophil count in
Group 1. According to the Shapiro-Wilk test of normality, the pre- and post-operative blood tests of the 20
cases in Group 1 were not distributed normally and had a p-value of <0.05. Therefore, the Wilcoxon signed
rank test was done giving a p-value of 0.001. The Wilcoxon sign rank tests with a p-value of <0.05 are

considered significant.
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Serial no.

10

11

12

13

14

15

16

17

18

19

20

IgE Pre-op (KU/L) IgE Post-op (KU/L)
411 190
546 471
2420 -
3092 1067
172 273
103 771
288 -

- 3408
- 3079
2604 2424
522 -

23 -
5259 -
349 -

- 29.8
- 207

Phadiatop
Negative
Negative
Positive
Negative
Negative
Positive
Negative
Positive

Positive

Positive

Negative

Positive

Negative

Negative

CT scan

Destructive fungal CT features
Destructive fungal CT features
Destructive CT features
Destructive CT features
Destructive fungal CT features
Destructive fungal CT features
Destructive CT features
Destructive fungal CT features
Destructive fungal CT features
Destructive fungal CT features
Destructive fungal CT features
Destructive CT features
Destructive fungal CT features
Destructive fungal CT features
Destructive fungal CT features
Destructive CT features
Destructive fungal CT features
Destructive CT features
Destructive fungal CT features

Destructive fungal CT features

TABLE 2: Pre- and post-operative IgE level, Phadiatop, and CT scan test results of Group 1

-, data not available.

Serial
no.

Age
(years)

31

23
31

28

Sex

Female

Male

Female

Male

The demographic and disease characteristics of study participants including age, sex, histopathology, fungal
cultures, and the percentage of pre- and post-operative eosinophil of 36 cases of Group 2 is shown in Table
3. The male-to-female ratio in Group 2 was 1:1.12 (52.77% female). The ages of the subjects ranged from
nine to 65 years, with a mean age of 39.92 years and a standard deviation of 14.99 years.

From histopathology and CT scan, we found that 39.4% of the cases were fungal type of polyps while the
others were inflammatory types (Tables 3-4). Moreover, the CT scan test results revealed that 38.5% of the
fungal polyposis were invasive types whereas 30.8% were granulomatous fungal polyposis. A similar
proportion (30.8%) were non-destructive fungal polyposis. The fungal culture was mostly unavailable or
negative apart from four cases that showed positive results. Of these cases, two were Aspergillus species
type, and the other two were Zygomycetes and Microsporum audouinii, respectively.

Histopathology

Inflammatory polyp fungal aspergillosis
noninvasive

Allergic inflammatory polyp

Allergic nasal polyp

2023 Almaghrabi et al. Cureus 15(10): e46558. DOI 10.7759/cureus.46558
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Negative

Negative

Pre-operative Post-operative
eosinophils (%) eosinophils (%)
05.30 20.90

10.70 01.40

08.40 03.30

03.90 05.00
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5 40
6 60
7 59
8 27
9 28
10 48
11 29
12 31
13 43
14 47
15 56
16 31
17 49
18 30
19 18
20 18
21 34
22 36
23 60
24 58
25 9

26 42
27 31
28 64
29 34
30 65
31 65
32 59
33 54
34 33
35 33
36 33

TABLE 3: Demographic and disease characteristics of Group 2 participants

-, data not available.

Male

Male

Female

Male

Female

Female

Female

Male

Female

Male

Male

Male

Female

Male

Female

Female

Male

Female

Female

Male

Male

Female

Female

Female

Female

Male

Male

Male

Male

Female

Female

Female

Inflammatory allergic polyp
Allergic Inflammatory polyp
Allergic inflammatory polyp

Allergic nasal polyp with fungal-like hyphae

Allergic fungal

Allergic nasal polyp

Fungal polyp consistent with aspergillosis

Allergic nasal polyp + fungal-like organisms

Inflammatory polyp

Inflammatory polyp

Inflammatory polyp

Inflammatory polyp

Inflammatory polyp

Inflammatory polyp

Allergic polyp

Inflammatory allergic polyp
Inflammatory polyp

Inflammatory polyp

Inflammatory polyp

Inflammatory polyp

Inflammatory polyp

Inflammatory polyp and fungal stain (neg.)
Allergic polyp

Consistent with invasive aspergillosis

Chronic sinusitis with aspergillus fungus
infection

Fungal sinusitis consistent with mucor species

mucormycosis orbital invasion

Fungal granulomatous inflammatory polyp

Granulomatous fungal with fungal spores
consistent with aspergillosis

Granulomatous fungal

Granulomatous fungal

Microsporum
audouinii

Normal flora

Negative

Negative

Negative

Negative

Negative

Zygomycetes
Aspergillus
species

Aspergillus
species

07.80

00.00

02.40

04.50

05.90

11.70

05.70

06.80

00.60

03.80

00.90

01.10

01.40

00.00

01.10

02.40

02.00

03.40

00.40

02.00

02.50

02.40

03.00

00.00

00.40

00.30

00.30

00.90

00.60

01.90

02.10

02.20

06.00

09.10

16.70

10.00

02.40

07.80

00.50

01.20

00.90

00.00

03.30

00.50

02.30

03.10

01.90

01.50

02.60

02.40

02.90

02.00

01.10

01.20

00.00

02.40

00.30

00.60

00.00

01.70

00.00

00.20

01.30

02.20
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Sr. no.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36

IgE Pre-op (KU/L)

292

1206

78.3

66

161

112

2377

IgE Post-op (KU/L)

215

855

86.7

630

72.9

Phadiatop

Positive

Negative

Negative

Positive

Positive

Negative

Positive

Positive

Negative

Negative

Positive

CT scan

CT scan features of non-fungal nasal polyposis
Non-destructive fungal nasal polyposis CT features
Non-destructive fungal nasal polyposis CT features
CT scan features of non-fungal nasal polyposis

CT scan features of non-fungal nasal polyposis

CT scan features of non-fungal nasal polyposis

CT scan features of non-fungal nasal polyposis
Non-destructive fungal nasal polyposis CT features
CT scan features of non-fungal nasal polyposis

CT scan features of non-fungal nasal polyposis

CT scan features of non-fungal nasal polyposis
Invasive fungal sinonasal polyposis

CT scan features of non-fungal nasal polyposis

CT scan features of non-fungal nasal polyposis
Non-fungal left sinonasal polyp

CT scan features of non-fungal nasal polyposis
CT scan features of non-fungal nasal polyposis
CT scan features of non-fungal nasal polyposis
CT scan features of non-fungal nasal polyposis
CT scan features of non-fungal nasal polyposis
CT scan features of non-fungal nasal polyposis
CT scan features of non-fungal nasal polyposis
CT scan features of non-fungal nasal polyposis
No CT scan

CT scan features of non-fungal nasal polyposis
Non-destructive fungal nasal polyposis CT features
Invasive fungal sinonasal polyposis

Invasive fungal sinonasal polyposis

Invasive fungal sinonasal polyposis

Invasive fungal sinonasal polyposis

Fungal granulomatous polyp

Fungal granulomatous polyp

Fungal granulomatous polyp

Fungal granulomatous polyp

TABLE 4: Pre- and post-operative IgE test, Phadiatop test, and CT scan results for Group 2
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-, data not available.

Phadiatop and pre- and post-operative IgE blood level results are shown in Table 4. Phadiatop allergy
screening showed that 45.5% of the cases were negative while 54.5% were positive. However, for Group 2, we
did not have enough data for IgE results. In general, the pre-operative IgE blood levels were higher than
post-operative. We ran a normality test (Shapiro-Wilk) for data collection of pre- and post-operative
eosinophils count (%) of the 36 cases in Group 2, and the normality test gave a p-value of .001 (<0.05), which
means that the data was not distributed normally. Therefore, we opted for the nonparametric Wilcoxon
signed-rank test. There was no significant difference between pre- and post-operative eosinophil levels (p=
0.644).

Findings of the multivariate analysis
Group 1

After running the univariate analysis, we adjusted for the confounders such as age, sex, fungal culture, pre
and post IgE, and histopathology of the disease. According to the F-test statistics (Table 5), there is a
significant difference in the proportion of blood eosinophils pre and post-operative after controlling for
confounders such as age, sex, fungal culture, pre and post IgE, and histopathology of the disease. This
implies that in Group 1, a substantial difference was found between pre-and post-operative blood eosinophil
(p=0.01) even after adjusting for the confounders described above. However, as hypothesized, we did not
find any significant interaction with the age of the patients, meaning that the rate of eosinophils between
pre- and post-operative did not vary for patients with different ages (p-value for interaction: 0.07) or
different pre- and post-operative IgE levels (p-value: 0.46).

Variable Type lll sum of squares df Mean square F-statistics P-value
Eosinophils 75.963 1 75.963 52.737 0.018**
Age 27.117 1 27.117 0.332 0.623
Sex 1.057 1 1.057 0.032 0.861
IgE (Preoperative) 1.518 1 1.518 0.019 0.904
IgE (Postoperative) 24.889 1 24.889 0.304 0.637
Histopathology 141.258 13 10.866 0.155 0.997
Fungal Culture 89.037 5 17.807 0.542 0.742
Eosinophils, Age 17.216 1 17.216 11.952 0.074
Eosinophils, IgE Preoperative 0.757 1 0.757 0.526 0.544
Eosinophils, IgE Postoperative 1.189 1 1.189 0.825 0.460

TABLE 5: Multivariate analysis showing the difference between pre and post-operative blood
eosinophils in Group 1 (n=20)

df: degree of freedom

The model was adjusted for confounders such as age, sex, fungal culture, pre and post IgE, and histopathology of the disease; P-value significance cut-
off: 0.05

™ Statistically significant p-value for difference between pre- and post-operative proportion of blood eosinophils

Group 2

According to the F-test statistics (Table 6), there is no significant difference in the proportion of blood
eosinophils pre and post-operative after controlling for confounders such as age, sex, fungal culture, pre and
post IgE, and histopathology of the disease. This implies that among 36 cases of Group 2, no substantial
difference was found between pre-and post-operative blood eosinophils (p=0.66) even after adjusting for the
confounders described above.
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Variable Type Il Sum of Squares df  Mean Square F-Statistics P-value
Eosinophils 6.664 1 6.664 0.256 0.663
Age 41.538 1 41.538 0.545 0.537
Sex 53.872 1 53.872 0.707 0.489
IgE (Preoperative) 1.518 1 1.518 0.019 0.904
IgE (Postoperative) 27.655 1 27.655 0.363 0.608
Histopathology 141.258 13 10.866 0.155 0.997
Fungal_Culture 86.653 2 43.327 0.569 0.637
Eosinophils, Age 8.066 1 8.066 0.310 0.634
Eosinophils, Fungal culture 92.555 2 46.278 1.777 0.360
Eosinophils, Sex 24.329 1 24.329 0.934 0.436

TABLE 6: Multivariate analysis showing the difference between pre- and post-operative blood
eosinophils in Group 2 (n=36)

df: degree of freedom

The model was adjusted for confounders such as age, sex, fungal culture, pre and post IgE, and histopathology of the disease; P-value significance cut-
off: 0.05

Discussion

The current study evaluated the significance of eosinophils in the pathogenesis of destructive non-invasive
fungal polyposis sinus disease. In several studies, eosinophils are reported to be a major player in the
pathogenesis of CRS through the production of the eosinophil granule proteins, MBP, and eosinophil
cationic protein (ECP), which activate mast cells during inflammation [7,14,16,18,23]. The MBP is a small,
specific, cytotoxic cationic protein present in eosinophils. It has pathological effects through a direct
cytotoxic allergic reaction, parasitic and fungal infections, and stimulation of inflammatory cells to produce
inflammatory molecules like cytokines, chemokines, and other inflammatory mediators.

In the present study, among the patients of Group 1, Aspergillus species were the common fungi found in
patients’ fungal culture, and also a significant presence of destructive nasal sinus CT scan features was
observed. This could be explained by the fact that activated eosinophils release ECP granules stored within
them, which are known to have a biological effect on host cells and microbes at the same time and they
essentially play a defensive role against large, non-phagocytosed organisms like helminth and fungi [23].
These excessive reactions to protect human cells contribute to the pathology and the destructive effect of
these cells [7,16]. According to several studies, the specific MBP of eosinophils has more harmful and
destructive effects on the tissues [16-18].

Evidence suggests that significant overlap among the categories of eosinophil-related fungal rhinosinusitis.
The patients especially manifest exaggerated cellular eosinophilic responses to the fungi or their extract.
The response is to the commonly isolated fungus, A. flavus, in the local region rather than Alternaria
alternata [24]. Moreover, the results of the current study showed that the pre-operative eosinophils count
level was significantly higher than post-operative, which may be involved in the pathogenesis of the disease
in Group 1. Clusters of eosinophils and fungal elements are both present in the mucus of CRS patients and
appear to be a marker of CRS disease [25]. Ponikau proposed that certain fungi could elicit eosinophilic
inflammation in the absence of a type | hypersensitivity reaction in a patient with CRS [21]. Eosinophils are
present in the mucosa of all selected groups of destructive types [13,14,26]. Increased blood eosinophil count
is significantly related to more severe symptoms [4,27]. A simple blood test (blood eosinophil count) has
been shown to be a good diagnostic and prognostic indicator [27,28]. Eosinophils have a major effect on the
destructive pathogenesis of the disease process of fungal sinus polyposis [4,7,26,27]. Therefore, the high
level of pre-operative blood eosinophils in Group 1 of the study indicates the significance of eosinophils on
the disease processes and pathogenesis of destructive non-invasive fungal polyposis type. These findings
were in line with a recent study conducted by Diaz-Cabrera et al., who reported noninvasive yet destructive
allergic fungal rhinosinusitis in an immunocompetent patient [29].

With regard to Group 2 of the current study, inflammatory polyposis was more common than the fungal type.
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Moreover, there was not enough data regarding the fungal culture, IgE, and Phadiatop results of these cases.
The CT scan findings showed that the invasive fungal type was more common in Group 2 than the
granulomatous and non-destructive fungal polyposis. This study found that Group 2 had no significant
difference in blood eosinophil levels between pre- and post-operative in comparison to Group 1. The
findings of the eosinophils levels in destructive non-invasive fungal polyp types in this study were
consistent with a study by Sreeparvathi et al., who reported that a significant correlation between tissue and
blood eosinophils count in Indian patients with severe symptoms with eosinophilic CRS with nasal polyps
[28].

According to several studies, serum eosinophil level can be used as an indicator in the presence of CRS and
as an indicator for the line of management and prognosis [27,28]. In our study, serum eosinophil level
showed a valuable indicator marker in destructive non-invasive chronic fungal rhinosinusitis type. Steroids
following endoscopic sinus surgery are recommended to control eosinophilic inflammation. Steroid nasal
wash must be started early post-operatively to avoid extensive and aggressive diseases [7,30].

However, our findings need to be interpreted in light of some limitations inherent to the study. First, though
the medical records of 126 patients operated on for a nasal sinus disease between 2010-2017 were studied,
our study found that limited data were available with regard to the IgE blood level results and the fungal
culture of some patients’ cases. Second, our sample size was not large enough, and the use of a larger sample
size may have allowed useful insights into the importance of eosinophils in the progression and prognosis of
destructive non-invasive fungal rhinosinusitis.

Conclusions

Eosinophils play a major role in the destructive non-invasive pathogenesis of the disease process of fungal
sinus polyposis as we see from the high level of pre-operative blood eosinophils compared to post-operative
level in the first study group. A positive fungal culture is considered a normal finding in nasal secretions, but
clusters of eosinophils with fungal elements in the mucus of CRS patients appear to be a marker of the
disease. There is a statistically significant difference in blood eosinophils count between pre- and post-
operative blood levels for the findings of the first group of destructive non-invasive fungal polyposis
whereas this difference is not seen in the second group, even after adjusting for potential confounders such
as patient’s age, sex, pre- and post-operative IgE, fungal culture, and histopathology of the disease. The
current study showed that eosinophils have a major role in the pathogenesis and the disease processes in
destructive non-invasive fungal sinus polyposis. Serum eosinophilia can be considered an indicator of the
disease prognosis and destructive behavior.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Ethics Committee of
King Abdulaziz University, Unit of Biomedical Ethics issued approval ethics reference: 401-22. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Chatterjee SS, Chakrabarti A: Epidemiology and medical mycology of fungal rhinosinusitis .
Otorhinolaryngol Clin Int J. 2009, 1:1-13. 10.5005/jp-journals-10003-1001

2. Chakrabarti A, Denning DW, Ferguson BJ, et al.: Fungal rhinosinusitis: a categorization and definitional
schema addressing current controversies. Laryngoscope. 2009, 119:1809-18. 10.1002/lary.20520

3. Benjamin MR, Stevens WW, Li N, et al.: Clinical characteristics of patients with chronic rhinosinusitis
without nasal polyps in an academic setting. ] Allergy Clin Immunol Pract. 2019, 7:1010-6.
10.1016/j.jaip.2018.10.014

4. Bryson JM, Tasca RA, Rowe-Jones JM: Local and systemic eosinophilia in patients undergoing endoscopic
sinus surgery for chronic rhinosinusitis with and without polyposis. Clin Otolaryngol Allied Sci. 2003, 28:55-
8. 10.1046/j.1365-2273.2003.00666.x

5. Stevens WW, Schleimer RP, Chandra RK, Peters AT: Biology of nasal polyposis. ] Allergy Clin Immunol.
2014, 133:1503, 1503.e1-4. 10.1016/j.jaci.2014.03.022

6. Bachert C, Wagenmann M, Hauser U, et al.: IL-5 synthesis is upregulated in human nasal polyp tissue .
Journal of allergy and clinical immunology. 1997, 99:837-42. 10.1016/S0091-6749(97)80019-X

7. Kariya S, Okano M, Nishizaki K: Biological basis and clinical implications of immunological molecules
involved in eosinophilic inflammation in allergic rhinitis, chronic rhinosinusitis, and asthma. Advances in
Cellular and Molecular Otolaryngology. 2015, 3:26601. 10.3402/acmo.v3.26601

8. VanZele T, Claeys S, Gevaert P, Van Maele G, Holtappels G, Van Cauwenberge P, Bachert C: Differentiation
of chronic sinus diseases by measurement of inflammatory mediators. Allergy. 2006, 61:1280-9.

2023 Almaghrabi et al. Cureus 15(10): e46558. DOI 10.7759/cureus.46558 10 of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.5005/jp-journals-10003-1001
https://dx.doi.org/10.5005/jp-journals-10003-1001
https://dx.doi.org/10.1002/lary.20520
https://dx.doi.org/10.1002/lary.20520
https://dx.doi.org/10.1016/j.jaip.2018.10.014
https://dx.doi.org/10.1016/j.jaip.2018.10.014
https://dx.doi.org/10.1046/j.1365-2273.2003.00666.x
https://dx.doi.org/10.1046/j.1365-2273.2003.00666.x
https://dx.doi.org/10.1016/j.jaci.2014.03.022
https://dx.doi.org/10.1016/j.jaci.2014.03.022
https://dx.doi.org/10.1016/S0091-6749(97)80019-X
https://dx.doi.org/10.1016/S0091-6749(97)80019-X
https://dx.doi.org/10.3402/acmo.v3.26601
https://dx.doi.org/10.3402/acmo.v3.26601
https://dx.doi.org/10.1111/j.1398-9995.2006.01225.x

Cureus

10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

10.1111/5.1398-9995.2006.01225.x

Staiktniené J, Vaitkus S, Japertiené LM, et al.: Association of chronic rhinosinusitis with nasal polyps and
asthma: clinical and radiological features, allergy and inflammation markers. Medicina. 2008, 44:257.
10.3390/medicina44040033

Rowe-Jones JM, Moore-Gillon V: Destructive noninvasive paranasal sinus aspergillosis: component of a
spectrum of disease. ] Otolaryngol. 1994, 23:92-6.

Kinsella JB, Rassekh CH, Bradfield JL, Chaljub G, McNees SW, Gourley WK, Calhoun KH: Allergic fungal
sinusitis with cranial base erosion. Head Neck. 1996, 18:211-7. 10.1002/(SICI)1097-
0347(199605/06)18:3<211::AID-HED1>3.0.CO;2-2

Vashishth A: Extensive allergic fungal rhinosinusitis: ophthalmic and skull base complications. Indian |
Otolaryngol Head Neck Surg. 2015, 67:227-33. 10.1007/s12070-014-0771-x

Chakrabarti A, Das A, Panda NK: Controversies surrounding the categorization of fungal sinusitis . Med
Mycol. 2009, 47 Suppl 1:5299-308. 10.1080/13693780802213357

Ferguson BJ: Categorization of eosinophilic chronic rhinosinusitis . Curr Opin Otolaryngol Head Neck Surg.
2004, 12:237-42. 10.1097/01.m00.0000124938.46948.c7

Bochner BS: Verdict in the case of therapies versus eosinophils: the jury is still out . J Allergy Clin Immunol.
2004, 113:3-10. 10.1016/j.jaci.2003.09.046

Ponikau JU, Sherris DA, Kephart GM, et al.: Striking deposition of toxic eosinophil major basic protein in
mucus: implications for chronic rhinosinusitis. ] Allergy Clin Immunol. 2005, 116:362-9.
10.1016/j.jaci.2005.03.049

Frigas E, Loegering DA, Gleich GJ: Cytotoxic effects of the guinea pig eosinophil major basic protein on
tracheal epithelium. Lab Invest. 1980, 42:35-43.

Motojima S, Frigas E, Loegering DA, Gleich GJ: Toxicity of eosinophil cationic proteins for guinea pig
tracheal epithelium in vitro. Am Rev Respir Dis. 1989, 139:801-5. 10.1164/ajrccm/139.3.801

Ferguson BJ: Definitions of fungal rhinosinusitis. Otolaryngol Clin North Am. 2000, 33:227-35.
10.1016/50030-6665(00)80002-x

Sasama J, Sherris DA, Shin SH, Kephart GM, Kern EB, Ponikau JU: New paradigm for the roles of fungi and
eosinophils in chronic rhinosinusitis. Curr Opin Otolaryngol Head Neck Surg. 2005, 13:2-8.
10.1097/00020840-200502000-00003

Ponikau JU, Sherris DA, Kern EB, Homburger HA, Frigas E, Gaffey TA, Roberts GD: The diagnosis and
incidence of allergic fungal sinusitis. Mayo Clin Proc. 1999, 74:877-84. 10.4065/74.9.877

Wei JL, Kita H, Sherris DA, Kern EB, Weaver A, Ponikau JU: The chemotactic behavior of eosinophils in
patients with chronic rhinosinusitis. Laryngoscope. 2003, 113:303-6. 10.1097/00005537-200302000-00019
Acharya KR, Ackerman SJ: Eosinophil granule proteins: form and function. J Biol Chem. 2014, 289:17406-15.
10.1074/jbc.R113.546218

Kale P, Rudramurthy SM, Panda NK, Das A, Chakrabarti A: The inflammatory response of eosinophil-related
fungal rhinosinusitis varies with inciting fungi. Med Mycol. 2015, 53:387-95. 10.1093/mmy/myv001

Braun H, Stammberger H, Buzina W, Freudenschuss K, Lackner A, Beham A: Incidence and detection of
fungi and eosinophilic granulocytes in chronic rhinosinusitis [Article in German]. Laryngorhinootologie.
2003, 82:330-40. 10.1055/s-2003-39777

Harlin SL, Ansel DG, Lane SR, et al.: A clinical and pathologic study of chronic sinusitis: the role of the
eosinophil. | Allergy Clin Immunol. 1988, 81:867-75. 10.1016/0091-6749(88)90944-x

Zadeh MH, Banthia V, Anand VK, Huang C: Significance of eosinophilia in chronic rhinosinusitis . Am |
Rhinol. 2002, 16:313-7. 10.1177/194589240201600606

Sreeparvathi A, Kalyanikuttyamma LK, Kumar M, Sreekumar N, Veerasigamani N: Significance of blood
eosinophil count in patients with chronic rhinosinusitis with nasal polyposis. ] Clin Diagn Res. 2017,
11:MC08-11. 10.7860/JCDR/2017/25320.9445

Diaz-Cabrera N, Villarreal R, Tabatabaian F: Noninvasive yet destructive allergic fungal rhinosinusitis in an
immunocompetent patient. Ann Allergy Asthma Immunol. 2019, 123:138. 10.1016/j.anai.2019.08.448
Huang ZZ, Chen XZ, Huang JC, et al.: Budesonide nasal irrigation improved Lund-Kennedy endoscopic score
of chronic rhinosinusitis patients after endoscopic sinus surgery. Eur Arch Otorhinolaryngol. 2019,
276:1397-403. 10.1007/s00405-019-05327-6

2023 Almaghrabi et al. Cureus 15(10): e46558. DOI 10.7759/cureus.46558

11 0of 11


https://dx.doi.org/10.1111/j.1398-9995.2006.01225.x
https://dx.doi.org/10.3390/medicina44040033
https://dx.doi.org/10.3390/medicina44040033
https://pubmed.ncbi.nlm.nih.gov/8028079/
https://dx.doi.org/10.1002/(SICI)1097-0347(199605/06)18:3<211::AID-HED1>3.0.CO;2-2
https://dx.doi.org/10.1002/(SICI)1097-0347(199605/06)18:3<211::AID-HED1>3.0.CO;2-2
https://dx.doi.org/10.1007/s12070-014-0771-x
https://dx.doi.org/10.1007/s12070-014-0771-x
https://dx.doi.org/10.1080/13693780802213357
https://dx.doi.org/10.1080/13693780802213357
https://dx.doi.org/10.1097/01.moo.0000124938.46948.c7
https://dx.doi.org/10.1097/01.moo.0000124938.46948.c7
https://dx.doi.org/10.1016/j.jaci.2003.09.046
https://dx.doi.org/10.1016/j.jaci.2003.09.046
https://dx.doi.org/10.1016/j.jaci.2005.03.049
https://dx.doi.org/10.1016/j.jaci.2005.03.049
https://pubmed.ncbi.nlm.nih.gov/7351830/
https://dx.doi.org/10.1164/ajrccm/139.3.801
https://dx.doi.org/10.1164/ajrccm/139.3.801
https://dx.doi.org/10.1016/s0030-6665(00)80002-x
https://dx.doi.org/10.1016/s0030-6665(00)80002-x
https://dx.doi.org/10.1097/00020840-200502000-00003
https://dx.doi.org/10.1097/00020840-200502000-00003
https://dx.doi.org/10.4065/74.9.877
https://dx.doi.org/10.4065/74.9.877
https://dx.doi.org/10.1097/00005537-200302000-00019
https://dx.doi.org/10.1097/00005537-200302000-00019
https://dx.doi.org/10.1074/jbc.R113.546218
https://dx.doi.org/10.1074/jbc.R113.546218
https://dx.doi.org/10.1093/mmy/myv001
https://dx.doi.org/10.1093/mmy/myv001
https://dx.doi.org/10.1055/s-2003-39777
https://dx.doi.org/10.1055/s-2003-39777
https://dx.doi.org/10.1016/0091-6749(88)90944-x
https://dx.doi.org/10.1016/0091-6749(88)90944-x
https://dx.doi.org/10.1177/194589240201600606
https://dx.doi.org/10.1177/194589240201600606
https://dx.doi.org/10.7860/JCDR/2017/25320.9445
https://dx.doi.org/10.7860/JCDR/2017/25320.9445
https://dx.doi.org/10.1016/j.anai.2019.08.448
https://dx.doi.org/10.1016/j.anai.2019.08.448
https://dx.doi.org/10.1007/s00405-019-05327-6
https://dx.doi.org/10.1007/s00405-019-05327-6

	The Association Between Eosinophils and the Disease Process in Destructive Non-invasive Fungal Rhinosinusitis
	Abstract
	Introduction
	Materials And Methods
	Data collection and study procedures
	FIGURE 1: Flow chart indicating the selection process of cases.

	Statistical methods
	Ethical considerations

	Results
	TABLE 1: Demographic and disease characteristics of Group 1 participants
	TABLE 2: Pre- and post-operative IgE level, Phadiatop, and CT scan test results of Group 1
	TABLE 3: Demographic and disease characteristics of Group 2 participants
	TABLE 4: Pre- and post-operative IgE test, Phadiatop test, and CT scan results for Group 2
	Findings of the multivariate analysis
	TABLE 5: Multivariate analysis showing the difference between pre and post-operative blood eosinophils in Group 1 (n=20)
	TABLE 6: Multivariate analysis showing the difference between pre- and post-operative blood eosinophils in Group 2 (n=36)


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


