Role of specific IgE on staphylococcal enterotoxin B in chronic rhinosinusitis severity
Abstract

Objective: To investigate the clinical significance of specific IgE-staphylococcal enterotoxin in CRS.

Design: Retrospective analysis of patients who were positive for specific IgE-staphylococcal enterotoxin B.
Setting: Tertiary rhinology clinic.
Participants: A total of 965 patients who were positive for specific IgE-staphylococcal enterotoxin B from December 2016 to December 2017
Main outcome measures: We retrospectively reviewed the records of 965 patients who were positive for specific IgE-staphylococcal enterotoxin B from December 2016 to December 2017. Patient demographics, titre specific IgE to staphylococcal enterotoxin B (IgE-SEB) levels, MAST, serologic test, and medical records were reviewed. 

Results: IgE-SEB (KU/L) was higher in CRS patients than Non-CRS patients (0.13±0.37 vs 0.08±0.22, respectively; p-value: 0.044), and the IgE-SEB (+, ≥0.35) rate was also higher (10.06% vs 4.46%, respectively; p-value: 0.030). IgE-SEB (KU/L) was higher in the CRS group than in the fungal sinusitis group (0.13±0.37 vs 0.03±0.05, respectively; p-value: <0.001), and the IgE-SEB (+, ≥0.35) rate was also higher (10.06% vs 0 %, respectively; p-value: 0.015). Between the CRSsNP (chronic rhinosinusitis without nasal polyps) and CRSwNP (chronic rhinosinusitis with nasal polyps) groups, there were no differences in IgE-SEB (KU/L) or IgE-SEB (+) rates. As the values of IgE-SEB(KU/L) and the IgE-SEB (+,>0.1) rate increased, the CRS severity also increased.
Conclusions: IgE-SEB showed a positive correlation with CRS severity but not with postoperative recurrence or nasal polyps. Further studies are needed to obtain clear evidence that IgE-SEB can be considered as an independent CRS endotype.
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Key points

· This study aimed to find the clinical significance of specific IgE-staphylococcal enterotoxin B in CRS.
· IgE-SEB (KU/L) was higher in CRS patients than Non-CRS patients (0.13±0.37 vs 0.08±0.22, respectively; p-value: 0.044), and the IgE-SEB (+, ≥0.35) rate was also higher (10.06% vs 4.46%, respectively; p-value: 0.030).
· Between the CRSsNP (chronic rhinosinusitis without nasal polyps) and CRSwNP (chronic rhinosinusitis with nasal polyps) groups, there were no differences in IgE-SEB (KU/L) or IgE-SEB (+) rates. 
· As the CRS severity increased, the IgE-SEB showed higher values along with presence of nasal polyps, SNOT-22, concomitant asthma, serum eosinophil (%), total IgE, and the proportion of ECRS.
· IgE-SEB showed a positive correlation with CRS severity but not with postoperative recurrence or nasal polyps.
Introduction
CRS (chronic rhinosinusitis) is a complex disease affected by multiple factors and described by various pathophysiologies. Efforts have been made to discover CRS phenotypes and endotypes. Nasal polyps are one of the typical phenotypes of CRS, reflecting disease severity and poor response to medical treatment. CRSwNP (chronic rhinosinusitis with nasal polyps) is known to be associated with Th2 inflammation, eosinophilia, and polyclonal IgE production.1,2 Staphylococcus aureus, a frequent colonizer in the nasal cavity, and release of its enterotoxins are possibly related to nasal polyp formation.


3,4 ADDIN EN.CITE  Staphylococcal enterotoxins (SEs) have been reported to function as superantigens by binding to major histocompatibility complex class II and the variable beta chain of the T-cell receptor.5 These SEs are comprised of more than 20 staphylococcal enterotoxins, with the most commonly studied being staphylococcus enterotoxin A (SEA) and staphylococcus enterotoxin B (SEB).6
There have been numerous studies to elucidate the function of SEs in the pathogenesis of CRS and nasal polyposis.7 Also, SEs are known to be responsible for other diseases, including food poisoning, allergic rhinitis (AR), atopic dermatitis, and lower airway diseases, like COPD and asthma.


8-11 ADDIN EN.CITE  However, few studies have reported clinical assessment of SEs in CRS.
 ADDIN EN.CITE 
4,12
 The purpose of this study was to find the clinical significance of specific IgE-staphylococcal enterotoxin B in CRS.
Materials and methods
We retrospectively reviewed a total of 965 patients who tested specific for IgE-SEB from December 2016 to December 2017. Exclusion criteria were as follows: age<18, Caldwell-Luc approach, autoimmune disorders, post-chemotherapy, and radiotherapy status diagnosed as malignancy or inverted papilloma after surgery. A total of 721 patients met the inclusion criteria and were classified into one of four groups according to the diagnosis: CRS (347 patients), recurred CRS (66 patients), fungal sinusitis (67 patients), and non-CRS (202 patients). We divided the CRS into two sub-groups, CRSwNP and CRSsNP (Chronic rhinosinusitis without nasal polyps), with 115 and 232 patients in each group, respectively. 

Patients were categorized into the CRSwNP group only when a polyp was confirmed in the pathologic report. Otherwise, the CRS patients were classified as CRSsNP. Fungal sinusitis included subjects with pathologically confirmed fungal species and excluded invasive fungal sinusitis. Recurred CRS was categorized for patients with recurred CRS after previous endoscopic sinus surgery for CRS. Cases with septoplasty, turbinoplasty, rhinoplasty, closed reduction, and benign mass excision in the nasal cavity were categorized as non-CRS.

Sex, age, body mass index (kg/m2), alcohol consumption, and smoking history, as well as other past medical illnesses including hypertension, diabetes, and asthma, were reviewed. Both current smokers and ex-smokers were grouped as smokers. We measured the titre of specific IgE (KU/L) to Dp, Df, cat, dog, staphylococcal enterotoxin B, and total IgE(KU/L) using the ImmunoCAP test, and we measured serum neutrophil and eosinophil percentages. We defined allergic rhinitis (AR) when the result of the Multiple Allergen Simultaneous Test (MAST) ≥ 2+ was combined with allergic nasal symptoms, nasal obstruction, rhinorrhoea, or sneezing. All included cases did not use antibiotics, steroids, antihistamines, or steroid nasal sprays at least 2 weeks before preoperative evaluation. Specific IgE to Staphylococcal Enterotoxin B (sIgE-SEB) was considered positive when the sIgE-SEB titre was ≥0.35kU/L and the sIgE-SEB titre was ≥0.1 KU/L to identify meaningful standard values for CRS because there are some reports using lower limit of sIgE-SEB titre was set at 0.1 KU/L.13,14 We defined recurrence as when polypectomy, trimming, or systemic steroid therapy was performed due to a newly appeared polyp during postoperative follow-up. We additionally analysed the Sino-nasal Outcome Test-22 (SNOT-22), the Lund-Mackay CT score, and the JESREC score for ECRS (Eosinophilic chronic rhinosinusitis).


15-17 ADDIN EN.CITE  This study was reviewed and approved by the [removed for blind peer review] Ethics Committee.
R version 3.6.0 statistical software (R Foundation for Statistical Computing, Vienna, Austria) was used for all statistical analyses. T-test, Mann-Whitney test, and Pearson X2 tests were performed as indicated. The tree-based method of the party package of R was used to subdivide the CRS group by the L-M score. Backward selection with multivariable generalized linear regression analysis was performed using recurrence as the outcome variable. P-values <0.05 were considered significant for all statistical analyses.
Results
CRS versus Non-CRS

Patients with CRS were older and had higher IgE-SEB(KU/L) and serum eosinophils (%) with more common comorbid asthma than those with non-CRS. In non-CRS patients, AR was more common, and IgE-Dp, Df, and cat were higher than those in CRS patients. IgE-SEB (KU/L) and the IgE-SEB (+, ≥0.35 KU/L) rate were higher in the CRS group than in the non-CRS group (Figure 1). The IgE-SEB (+, ≥0.1KU/L) rate was not significantly different between the two groups.
CRS versus fungal sinusitis

Patients with fungal sinusitis showed different disease entities compared with those with CRS. Overall the fungal sinusitis group had an older mean age and more female patients. HTN and DM were more prevalent in fungal sinusitis patients, but AR and asthma were more common in CRS patients. The percentage of smokers among fungal sinusitis subjects was higher than for CRS subjects, but there were more alcohol users in the CRS group. Fungal sinusitis patients had lower IgE-SEB, total IgE, and serum eosinophils, as well as no recurrence. IgE-SEB (KU/L) and the IgE-SEB (+, ≥0.35KU/L) rate were higher in CRS patients than in fungal sinusitis patients (Figure 1). The IgE-SEB (+, ≥0.1KU/L) rate was not significantly different between the CRS and non-CRS groups.
IgE-SEB between the CRS subgroups
We subdivided the CRS group into IgE-SEB (+) and IgE-SEB (-). When considering IgE-SEB levels of ≥0.1 as positive, the mean L-M scores were higher in the IgE-SEB (+) group, along with the prevalence AR and HTN, the percentage of smokers, as well as IgE-Dp, IgE-Df, and total IgE levels. However, when considering IgE-SEB ≥0.35 as positive, the L-M scores were not significantly different nor were the serum eosinophils (%), presence of polyps, concomitant asthma, the proportion of ECRS, or recurrence (Table 1).
The prevalence of asthma, serum eosinophil (%), L-M score, and percentage of ECRS were higher in the CRSwNP group than in the CRSsNP group. The recurrence rates in the CRSwNP and CRSsNP groups were 23.53% and 6.09%, respectively. However, there were no differences in IgE-SEB (KU/L) or IgE-SEB (+) rates. Also, IgE-SEB(KU/L) and IgE-SEB (+) were not significantly different between the non-ECRS and ECRS groups (Figure 2).
Only the Lund–Mackay CT score (OR: 3.6, 95% C.I. 1.13–1.31) and nasal polyps (OR:1.22, 95% C.I. 1.27–10.19) were positive determinants of recurrence after the backward selection of generalized linear regression analysis. Other variables such as IgE-SEB, serum eosinophil (%), total IgE, underlying AR, asthma, HTN, and diabetes, smoker status, and alcohol use were not significantly correlated with recurrence (Figure 3). 
We divided the CRS group into three groups, mild, moderate, and severe, by the value of the L-M score as set by statistical analysis. Because there are some reports that L-M score was correlated with symptom severity of chronic rhinosinusitis. 
 ADDIN EN.CITE 
18,19
 Subjects with less than a three-week follow-up period were excluded from the analysis. As the CRS severity increased, the IgE-SEB showed higher values along with presence of nasal polyps, SNOT-22, concomitant asthma, serum eosinophil (%), total IgE, and the proportion of ECRS (Table 2, Figure 4).
Between smokers and non-smokers in the CRS group, IgE-SEB, the prevalence of AR, and total-IgE were higher in the smoker group. However, there were no significantly different parameters between smokers and non-smokers in the fungal sinusitis or non-CRS groups.
Discussion
There have been several studies on the staphylococcal superantigen hypothesis, and research has demonstrated the correlation of S. aureus superantigens with CRSwNP.20
In lower airway diseases such as asthma and COPD, the functional outcomes of treatment can be compared to objective values through the pulmonary function test or the airway sensitivity test. However, there are not suitable clinical tests that can objectively determine the outcome of treatments in CRS. In this study, we attempted to find the clinical relationship between CRS and various treatments by comprehensively analysing the Lund-Mackay CT score, SNOT-22, ECRS, clinical recurrence, inflammatory serologic parameters, and prevalence of other diseases.

There were significant positive relationships between CRS severity and the presence of polyps, the prevalence of asthma, IgE-SEB (KU/L), IgE-SEB (+, ≥0.1), total IgE, serum eosinophils, percentage of ECRS. As the severity of CRS increases, increases in the prevalence of asthma, serum eosinophils (%), presence of nasal polyps, recurrence, IgE-SEB (KU/L), and IgE-SEB (+, ≥0.1) were observed. Moreover, we confirmed that only two of the parameters, nasal polyps and L-M score, were affecting factors for recurrence in CRS. This could suggest that IgE-SEB also affected the clinical progress of CRS in some way, but IgE-SEB alone was insufficient as a sole factor for predicting the clinical progress of CRS.

The cut-off value of IgE-SEB level could be applied differently depending on the circumstances. IgE-SEB (+, ≥0.35) was higher in CRS patients than in non-CRS and fungal sinusitis patients. Similarly, IgE-SEB (+, ≥0.1) was correlated only with a higher L-M score and not with nasal polyps, recurrence rate, serum eosinophil (%), or prevalence of ECRS. 

Further studies are needed to determine whether cases of the mild form of CRS without nasal polyps with IgE-SEB (+) will get worse over time and whether these cases should be treated in more aggressive ways like adding systemic steroid or early surgical treatment.
Common typical findings in CRS, non-CRS, and fungal sinusitis were that IgE-SEB (KU/L) and IgE-SEB (+, ≥0.1) correlated with eosinophilic inflammation  and multiple allergen sensitization.


21-23 ADDIN EN.CITE  However, AR did not correlate with parameters reflecting disease severity, such as Lund-Mackay score and ECRS, or with recurrence, as reported previously in a murine model study.24
Another point of interest was about smoking. Smoking has been reported to cause Staphylococcus aureus colonization and biofilm formation as one of the significant risk factors for airway inflammation, and it also affects the severity of CRSwNP, asthma, and COPD as well as causes poor response to treatment. In this study, IgE-SEB (KU/L), IgE-SEB (+, ≥0.1, ≥0.35), total IgE, and prevalence of AR were significantly higher in smokers than in never smokers. However, this result appeared only in the CRS group and not in the fungal sinusitis or non-CRS groups. This result suggested that cigarette smoking might function as an inflammatory modifier in already chronically inflamed environments such as asthma, COPD, allergic rhinitis, and CRS. Interestingly, smoking didn’t affect disease progress. Between smokers and never smokers, there were no differences in nasal polyps, SNOT-22, L-M score, or recurrence. Further studies are needed for verification.

This study contains all the limitations of a retrospective study. Despite limitations, we discovered that IgE-SEB showed a positive correlation with CRS severity but not with postoperative recurrence or nasal polyps. Additionally, postoperative recurrence was associated with Lund–Mackay CT score and nasal polyps. Well-controlled prospective studies should follow to further elucidate the role of IgE with staphylococcal enterotoxins.
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Tables

Table 1. Patient demographics, serologic test results, and clinical parameters between IgE-SEB(+) and IgE-SEB(-). Either 0.35 (kU/L) or 0.1 (kU/L) were considered as cut-off values for IgE-SEB(+).
	
	IgE-SEB<0.1
	IgE-SEB≥0.1
	P-value

	
	(N=274)
	(N=73)
	

	Sex
	
	
	0.1

	    F
	106 (38.69%)
	20 (27.40%)
	

	    M
	168 (61.31%)
	53 (72.60%)
	

	Age
	47.73 ± 15.17
	50.70 ± 16.48
	0.145

	BMI
	24.38 ± 3.59
	24.16 ± 3.50
	0.637

	AR
	121 (44.65%)
	53 (72.60%)
	< 0.001

	HTN
	39 (14.23%)
	21 (28.77%)
	0.006

	DM
	31 (11.31%)
	12 (16.44%)
	0.327

	Asthma
	55 (20.07%)
	15 (20.55%)
	1

	Alcohol consumption
	125 (46.13%)
	36 (49.32%)
	0.724

	Smoker
	86 (32.09%)
	39 (56.52%)
	< 0.001

	IgE-SEB(KU/L)
	0.01 ± 0.02
	0.56 ± 0.65
	< 0.001

	IgE-Dp(KU/L)
	1.41 ± 3.85
	3.45 ± 8.05
	0.039

	IgE-Df(KU/L)
	2.37 ± 5.88
	6.12 ± 14.87
	0.038

	IgE-Cat (KU/L)
	0.20 ± 1.20
	1.48 ± 7.33
	0.141

	IgE-Dog (KU/L)
	0.14 ± 1.01
	0.98 ± 5.54
	0.200

	Total IgE (KU/L)
	114.99 ± 164.89
	476.98 ± 655.26
	< 0.001

	Neutrophil (%)
	55.84 ± 9.73
	56.35 ± 9.72
	0.687

	Eosinophil (%)
	3.55 ± 2.99
	3.84 ± 2.61
	0.451

	Nasal polyps
	180 (65.69%)
	52 (71.23%)
	0.451

	SNOT22
	32.20 ± 20.53
	36.06 ± 24.91
	0.259

	L-M score
	9.46 ± 5.45
	11.33 ± 5.51
	0.010

	ECRS
	96 (35.04%)
	31 (42.47%)
	0.301

	Recurrence
	47 (17.67%)
	12 (17.14%)
	1


Table 2. Patient demographics, serologic test results, and clinical parameters between mild CRS, moderate CRS, and severe CRS.

	
	Mild
(L-M score ≤8)
	Moderate
(8<L-M score≤13)
	Severe
(L-M score>13)
	P-value

	
	(N=164)
	(N=92)
	(N=91)
	

	Sex
	
	
	
	0.021

	    F
	70 (42.68%)
	33 (35.87%)
	23 (25.27%)
	

	    M
	94 (57.32%)
	59 (64.13%)
	68 (74.73%)
	

	Age
	48.89 ± 15.70
	48.01 ± 15.68
	47.73 ± 15.00
	0.545

	BMI
	24.12 ± 3.51
	24.27 ± 3.49
	24.78 ± 3.74
	0.169

	AR
	79 (48.47%)
	49 (53.85%)
	46 (51.11%)
	0.708

	HTN
	33 (20.12%)
	12 (13.04%)
	15 (16.48%)
	0.346

	DM
	23 (14.02%)
	9 (9.78%)
	11 (12.09%)
	0.610

	Asthma
	15 (9.15%)
	25 (27.17%)
	30 (32.97%)
	< 0.001

	Alcohol consumption
	69 (42.33%)
	48 (53.33%)
	44 (48.35%)
	0.230

	Smoker
	55 (34.59%)
	36 (40.45%)
	34 (38.20%)
	0.637

	IgE-SEB(KU/L)
	0.09 ± 0.30
	0.12 ± 0.33
	0.20 ± 0.50
	0.036

	IgE-SEB≥0.35
	13 (7.93%)
	9 (9.78%)
	11 (12.09%)
	0.552

	IgE-SEB≥0.1
	25 (15.24%)
	17 (18.48%)
	31 (34.07%)
	0.002

	IgE-Dp (KU/L)
	2.25 ± 6.25
	1.67 ± 4.12
	1.30 ± 3.44
	0.145

	IgE-Df (KU/L)
	3.87 ± 10.75
	2.77 ± 6.72
	2.32 ± 6.04
	0.157

	IgE-Cat (KU/L)
	0.25 ± 1.49
	0.78 ± 5.26
	0.55 ± 4.07
	0.441

	IgE-Dog (KU/L)
	0.16 ± 1.00
	0.82 ± 5.08
	0.09 ± 0.31
	0.920

	Neutrophil (%)
	56.44 ± 9.41
	55.01 ± 10.46
	56.01 ± 9.52
	0.619

	Eosinophil (%)
	2.88 ± 2.49
	4.05 ± 2.85
	4.49 ± 3.35
	< 0.001

	Total IgE (KU/L)
	139.22 ± 221.50
	190.20 ± 269.23
	287.31 ± 578.40
	0.002

	Nasal polyps
	81 (49.39%)
	70 (76.09%)
	81 (89.01%)
	< 0.001

	SNOT22
	30.39 ± 20.53
	30.27 ± 20.35
	41.20 ± 22.90
	0.001

	L-M score
	5.06 ± 2.12
	11.17 ± 1.36
	17.16 ± 2.99
	< 0.001

	ECRS
	18 (10.98%)
	50 (54.35%)
	59 (64.84%)
	< 0.001

	Recurrence
	8 (5.00%)
	13 (14.94%)
	38 (42.70%)
	< 0.001


Legends for figures

Figure 1. The titre of specific IgE of staphylococcal enterotoxin B (IgE-SEB) and the SEB (+,≥0.35) ratio between CRS (chronic rhinosinusitis), fungal sinusitis, and non-CRS groups. IgE-SEB (kU/L) and the IgE-SEB (+,≥0.35 kU/L) rate were higher in CRS than in Non-CRS patients. IgE-SEB (kU/L) and the IgE-SEB (+,≥0.35 kU/L) rate were higher in CRS than in fungal sinusitis patients.

Figure 2.  The titre of specific IgE of staphylococcal enterotoxin B (IgE-SEB) and the SEB (+,≥0.35) ratio between CRSsNP and CRSwNP (A), non-ECRS and ECRS (B). IgE-SEB(kU/L) and IgE-SEB(+) were not different between CRSsNP and CRSwNP. Similar results were seen between the non-ECRS and ECRS groups.

Figure 3. A multivariate logistic regression analysis showing the association between recurrence in CRS and multiple variables. (A) Unadjusted odds ratio of ratio of recurrence in CRS. (B) Backward regression of ratio of recurrence in CRS.
Figure 4. The titre of IgE-SEB (kU/L) (A) and SEB (+,≥0.1) ratio (B) between mild CRS, moderate CRS, and severe CRS. The titre of IgE-SEB(kU/L) and the IgE-SEB(+) ratio were shown to increase significantly as the severity of CRS increased.
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