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1 S. aureus and IgE-mediated diseases: pilot or copilot? A narrative review
2

3 Abstract

4 Introduction. S. aureus is a major opportunistic pathogen that has been implicated in the 

5 pathogenesis of several chronic inflammatory diseases including bronchial asthma, chronic 

6 rhinosinusitis with nasal polyps (CRSwNP), chronic spontaneous urticaria (CSU), and atopic 

7 dermatitis. S. aureus can induce the production of both polyclonal and specific IgE that can 

8 elicit an inflammatory cascade.

9 Areas covered. The link between the sensitization to S. aureus enterotoxins and the severity 

10 of several chronic inflammatory diseases is reviewed in detail, as well as its therapeutic 

11 implications. 

12 Expert opinion. An anti-IgE strategy to inhibit S. aureus enterotoxins would be a valid 

13 approach to treat several endotypes of severe asthma, CRSwNP and CSU in which IgE against 

14 S. aureus enterotoxins should represent, not only a marker of severity of the diseases but 

15 also a target of a treatment. 

16

17 Keywords: Staphylococcus aureus, IgE, type 2 inflammation, omalizumab, chronic 

18 rhinosinusitis with nasal polyps, asthma, chronic spontaneous urticaria, atopic dermatitis.

19
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20 Article highlights:

21  Colonization with S. aureus has been associated with bronchial asthma, chronic rhinosinusitis 

22 with nasal polyps (CRSwNP), chronic spontaneous urticaria (CSU), and atopic dermatitis. 

23  S. aureus can be an IgE-inducing pathogen and IgE against S. aureus enterotoxins can induce 

24 the production of both polyclonal and specific IgE that can elicit the inflammatory cascade. 

25  A link between sensitization to S. aureus enterotoxins and the severity of these diseases has 

26 been shown and an anti-IgE strategy appears to be a valid approach to treat the IgE-

27 mediated endotypes of severe asthma, CRSwNP and CSU.

28  The anti-IgE agent omalizumab is currently the only biological agent that specifically targets 

29 IgE approved for the treatment of severe asthma, CRSwNP and CSU.

30  In CRSwNP and CSU, omalizumab can be prescribed regardless of the presence and nature of 

31 the allergic sensitization, while in severe asthma omalizumab can be prescribed only to 

32 patients sensitized to perennial allergens.

33  There is a need to measure specific IgE to S. aureus enterotoxins in severe asthmatic patients 

34 because, in our opinion, S. aureus enterotoxins can be considered as perennial allergens.

35  In conclusion, S. aureus in patients sensitized to staphylococcal enterotoxins should be 

36 considered as a driver of pathology and potential target for treatment.

37  Further studies to better assess the role of S. aureus in severe asthma, CRSwNP, CSU and 

38 atopic dermatitis are warranted.  
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39 1.0 Introduction

40 Staphylococcus aureus is a major opportunistic pathogen that is highly prevalent in 

41 humans causing both invasive infections and toxin-mediated diseases [1]. S. aureus is 

42 associated with an increasing number of healthcare-related infections, especially infective 

43 endocarditis and device-related infections, as well as community-related skin and soft tissue 

44 infections [2]. In addition to the skin and intestine, the nostrils and throat are among the 

45 most common sites of colonization [3,4]. It is estimated that around one-fourth to one-fifth 

46 of the human population is persistently colonized with S. aureus [5], with another 10-15% as 

47 intermittent carriers [3,6]. A positive association has been found between colonization with 

48 S. aureus and several chronic airway diseases such as chronic rhinosinusitis with nasal polyps 

49 (CRSwNP), allergic rhinitis, bronchial asthma, and chronic spontaneous urticaria (CSU) [7,8]. 

50 Indeed, the sinus mucosa is colonized by S. aureus in around 70% of patients with CRSwNP 

51 [9,10] and in at least 50% of those with CSU [11].

52 Infection with S. aureus can lead to activation of a type 2 inflammatory response, 

53 involving eosinophils and their related cytokines, and several types of T cells (e.g., Th2 and T 

54 regulatory cells) and innate lymphoid cells (ILC) (e.g. type 2 ILC) have been firmly implicated 

55 in the host’s responses to S. aureus and development of both asthma and CRSwNP [12-15]. 

56 In addition, S. aureus enterotoxins (SEs) can lead to increased production of IgE [16]. S. 

57 aureus can be considered an IgE-mediated pathogen since it is well established that serum 

58 IgE against SEs (polyclonal IgE and/or specific IgE) are increased in patients with several 

59 chronic airway diseases [10,17,18]. As a result, the correlation between high levels of IgE and 

60 T2 inflammation in CRSwNP and bronchial asthma may be relevant to the pathophysiology 

61 of these conditions.
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62 Different pathologic mechanisms have been implicated in the S. aureus induced IgE 

63 production and T2 inflammation in both nasal CRSwNP and bronchial asthma as summarized 

64 in Figure 1. Firstly, S. aureus can produce enterotoxins, which are functionally-related 

65 bacterial proteins that share sequence homology [19]. Enterotoxins are pyrogenic and have 

66 been related to several human diseases including food poisoning and toxic shock syndrome 

67 [19]. Some of the most common SEs are SE type A (SEA) and type B (SEB) [19]. SEs can act as 

68 superantigens, crosslinking T cell receptor and major histocompatibility complex (MHC) class 

69 II molecules on antigen-presenting cells, which leads to production of polyclonal IgE and 

70 cytokine production in T cells [8,20,21]. In addition, S. aureus can induce the production of 

71 IgE that can activate basophils by binding as superantigens to the framework regions of IgE 

72 in the IgE–FcεRI complexes as well as in the conventional manner binding through 

73 complementarity-determining regions [22]. Moreover, a recent study, using the basophil 

74 activation test, demonstrated the ability of SEs to activate basophils in patients with severe 

75 asthma, confirming that S. aureus can act not only as a superantigen, but also as an allergen 

76 [23]. Secondly, most isolates of S. aureus also release serine protease–like proteins (Spls), a 

77 group of six proteins Spl A-F, which can activate a type 2 response by stimulating epithelial 

78 cells to produce IL-33 [24,25]. Lastly, several clinical isolates of S. aureus synthesize protein 

79 A, a bacterial superallergen, which interacts with IgE VH3+ to activate basophils and mast 

80 cells to release proinflammatory mediators and cytokines [26,27]. Exacerbations of certain 

81 forms of bronchial asthma, CRSwNP, chronic urticaria and atopic dermatitis associated with 

82 S. aureus infection can be mediated through the above-mentioned mechanisms.

83 The aim of this review is to highlight the pathogenetic role of S. aureus in IgE-

84 mediated endotypes of diseases such as the bronchial asthma, CRSwNP, chronic urticaria, 
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85 and atopic dermatitis, investigating the association between IgE overexpression and disease 

86 severity and exploring the potential therapeutic implications of anti-IgE therapies.

87

88 2.0 S. aureus and asthma

89 A number of investigations have examined the association between colonization with 

90 S. aureus and asthma [28]. Serum enterotoxin IgE positivity is higher in patients with asthma 

91 compared to healthy controls and has been found to be an independent risk factor for 

92 asthma [29]. A number of studies have shown that asthma is associated with SE, and a meta-

93 analysis of 7 studies by Song et al. in 2013 reported that sensitization to SE has a significant 

94 relation with asthma (OR 2.95; 95% CI 2.28-3.82) [30]. In 2019, a meta-analysis concluded 

95 that there is a modest but significant association between nasal colonization with S. aureus 

96 and asthma (OR 1.19; 95% CI 1.06-1.34) [31].

97 The GA(2)LEN study examined the prevalence and association of serum SE-IgE 

98 positivity with asthma in the general population in Europe [32]. In the 2908 subjects 

99 enrolled, a positive serum SE-IgE result was seen in 29.3% of individuals with no significant 

100 geographic differences, and independently of sensitization to other common allergens. 

101 Serum SE-IgE positivity was more common in smokers and was associated with asthma in a 

102 concentration–dependent manner. This finding was confirmed in a recent longitudinal 

103 analysis of the Epidemiological Study of the Genetics and Environment of Asthma (EGEA) 

104 cohort where serum SE-IgE positivity was observed in 39% of controls without asthma, in 

105 58% of those with mild asthma, and in 76% of patients with severe asthma [33]. SE-IgE 

106 sensitization was also associated with the severity of asthma when evaluated one or two 

107 decades later (adjusted OR 2.69; 95% CI 1.18-6.15). Lastly, a community-based population 
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108 study in Korea found that SE-IgE sensitization was independently linked with adult-onset 

109 asthma [34]. 

110 SE-IgE sensitization is predictive of asthma severity as shown in a study by Kowalski et 

111 al [35]. In that investigation, the serum levels of enterotoxin-specific IgE were 3-fold higher 

112 in individuals with severe asthma compared to those with milder asthma. In addition, SE-IgE 

113 sensitization was much more prevalent among asthmatic patients with frequent 

114 exacerbations compared to those with no asthma (adjusted OR 4.59; 95% CI 1.40-15.07) 

115 [33]. As observed in a cohort of 172 adults by Tanaka et al., sensitization to SE, and in 

116 particular to SEA but not SEB, was significantly associated with poor asthma control after 

117 adjusting for age, sex, and positivity for other aeroallergens (OR, 2.66; 95% CI 1.02-8.65) 

118 [36].

119 SE-IgE sensitization has also been related to late-onset asthma in the elderly; Song et 

120 al. compared 249 elderly patients with asthma to 98 non-asthmatic controls, finding 

121 significantly higher median serum SE-IgE levels in elderly patients with asthma compared to 

122 the control cohort [0.16 (interquartile range 0.04-0.53) vs. 0.10 (0.01-0.19), P < 0.001] [37]. 

123 The association between serum SE-IgE levels and asthma in these patients was further 

124 confirmed in a multivariate analysis (OR 7.47, 95% CI 1.86-30.03). 

125 As reported by Bachert et al., in western countries, 85% of cases of CRSwNP have a 

126 type 2 eosinophilic inflammatory pattern of expression, while only 15% have inflammation 

127 that is prevalently neutrophilic [38]. The extent of type 2 inflammation also correlates with 

128 severity of disease and asthma comorbidity [39], and the association with S. aureus, through 

129 polyclonal IgE and SE, is particularly evident in the most severe forms of disease [38,39]. 

130
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131 3.0 S. aureus and CRSwNP 

132 Several studies have indicated that there is a relationship between S. aureus and 

133 CRSwNP. Starting in 2005, Seiberling et al. published an investigation of 42 patients 

134 undergoing surgery for chronic rhinosinusitis [40]. Surgical samples were analyzed for the 

135 presence of 5 staphylococcal toxins, and the presence of at least one toxin was detectable in 

136 14 of 29 patients with CRSwNP. The most commonly detected toxins were SEB and toxic 

137 shock syndrome toxin type 1. Cui et al. confirmed these findings, showing that both the rate 

138 and levels of serum IgE to SEB were significantly higher in patients with CRSwNP vs. a control 

139 group [41]. Cheng et al. later reported that total serum IgE, as well as IgE against SEA and 

140 SEB, were elevated in both non-eosinophilic and eosinophilic CRSwNP compared to healthy 

141 controls [42]. Thus, the finding that specific IgE towards SEB are more prevalent in patients 

142 with CRSwNP suggests that SEB may play a role in the pathogenesis of CRSwNP. 

143 Interestingly, SE-specific IgE expressions show geographic diversity among patients 

144 with CRS from Europe, Asia, and Oceania [43]. While these differences might be explained by 

145 environmental factors such as microbiota and air pollution, these findings also raise the 

146 possibility that there are different immunologic endotypes of CRSwNP. Independently of the 

147 reasons for the differences in individual profiles, these findings give further weight to the 

148 need to personalize therapy based on the specific endotype. In this regard, it has been 

149 suggested that even if the clinical manifestations of eosinophilic and non-eosinophilic 

150 CRSwNP are similar, these different forms may have different pathological drivers of disease, 

151 thus necessitating different therapeutic strategies that target distinct pathways [44]. 

152 Tomassen et al. carried out an analysis on 173 cases with CRS, and tissue samples 

153 were analyzed for the presence of different biomarkers. Using partition-based clustering, the 
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154 authors were able to identify 10 clusters, 4 of which had low or undetectable levels of IL-5, 

155 eosinophil cationic protein, and IgE and 6 with high levels of these biomarkers. Interestingly, 

156 in the group with high IL-5 levels the latter two clusters with the highest concentrations of 

157 IgE (about 1000 kU/L) also showed the highest proportion of patients with comorbid asthma 

158 (64% and 71%) and disease recurrence with all samples expressing IgE toward SEs [9]. 

159 In broad terms, SE, and in particular SEB, are believed to disrupt the integrity of the 

160 nasal epithelial barrier in CRSwNP through involvement of the toll-like receptor 2 (TLR2) as 

161 shown in a mouse model [45]. Additionally, SE genes have been detected in both CRSwNP 

162 and chronic rhinosinusitis without nasal polyps (CRSsNP) and Th2 differentiation has been 

163 correlated with disease extent, at least in non-asthmatic CRSwNP [46]. SE may thus promote 

164 Th2 responses and as such have a key role on the development of CRSwNP. Indeed, a 

165 number of cytokines derived from epithelial cells such as IL-25 and IL-33 can promote a Th2 

166 response [47]. At present, while there is evidence to suggest a strong link between the role 

167 of SE in contributing to Th2 inflammatory responses, this area still warrants additional 

168 investigation. In this regard, a very recent study reported that sensitization to both mold and 

169 SE appears to be related to development of type 2 inflammation given that all type 2 

170 inflammatory markers with the exception of eosinophils in sinus tissue were elevated in 

171 patients with CRS compared to healthy subjects [48]. In a study of 69 patient with CRS and 

172 45 healthy controls, Dobretsov et al. noted that levels of S. aureus in the nasal cavity were 

173 higher in CRS, and further concluded that higher titers of colonization were associated with 

174 lesser levels of eosinophilic inflammation [49]. However, this possibility requires additional 

175 study in larger samples of patients and controls. Together with other serological data, SE-IgE 

176 can be considered as a sign of type 2 inflammation, with a more probable risk of CRSwNP 
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177 recurrence or asthma association in a strong type 2 inflammatory reaction; based on 

178 inflammatory patterns, including cytokines like IL-5 and SE-IgEs, it can be hypothesized that 

179 the different endotypes can also have predictive value in determining both asthma 

180 comorbidity and recurrence of disease [50].  In this regard, it is known that S. aureus induces 

181 eosinophil migration to the epithelium and form eosinophilic extracellular traps that further 

182 damage the airway epithelium [50]. 

183 As mentioned, the presence of specific serum IgE for S. aureus has been correlated 

184 not only with disease severity, but also with recurrence of disease following surgical 

185 treatment [38,39]. In nasal mucosa, S. aureus may find a favorable environment for 

186 colonization [10]. In vitro analysis has shown that in tissues incubated with S. aureus, a 

187 number of bacterial proteins are found including enterotoxins and serine-like proteases [51]. 

188 Moreover, S. aureus has been found in mast cells and its internalization is apparently 

189 promoted by SEB [52].

190 Lastly, while CRSsNP is traditionally thought of as a condition dominated by a type 1 

191 immune response, recent evidence suggests that it is also a type 2 mediated disease as 

192 underlined in the European Position Paper on Rhinosinusitis and Nasal Polyps 2020 [53]. 

193 Moreover, in a study of 240 patients with CRSsNP, evidence for a type 2 inflammatory 

194 response was seen in nearly half of cases, with increased levels of IL-4, IL-5, serum IgE, and 

195 SE-specific IgE, along with significant eosinophilic inflammation [54]. Importantly, the 

196 observation that CRSsNP, and especially CRSwNP, and asthma are highly comorbid reinforces 

197 the hypothesis that these diseases share a common type 2 inflammatory pathophysiology 

198 [55]. In a study on 337 patients with moderate-to-severe CRSwNP, 49% were reported to 

199 have comorbid asthma [56]. 
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200

201 4.0 S. aureus and CSU/atopic dermatitis

202 CSU is the most common subtype of urticaria, characterized by recurrent episodes of 

203 wheals caused by unknown triggers and lasting more than 6 weeks [57]. Several hypotheses 

204 have been forwarded regarding the pathogenesis of CSU, although autoimmune etiology is 

205 believed to be involved in around half of cases [58]. CSU is not considered as a traditional 

206 allergy as typical exoallergens are not involved in degranulation of mast cells. However, it is 

207 now widely accepted that IgE, via its high affinity receptor, plays a role in the pathogenesis 

208 of CSU [58]. In a study of 203 patients with CSU, Kessel et al. found a significant relation 

209 between total IgE levels and disease severity: 93% of patients with increased levels of IgE 

210 had moderate-to-severe CSU, which was significantly higher compared to patients with 

211 normal IgE levels [59]. Moreover, the activation of skin mast cells via IgE may be related to 

212 the signs and symptoms of urticaria [58].

213 S. aureus has been detected in swab specimens from the nasal cavity in patients with 

214 CSU; after antimicrobial treatment, 40% of patients had a partial or complete recovery from 

215 CSU [60]. This indicates that nasal carriage of S. aureus can indeed act as an etiological factor 

216 in CSU. Increased rates of elevated levels of serum IgE towards SEs have been described in 

217 CSU. Ye et al. detected an increased prevalence of serum specific IgE against SEA and SEB as 

218 well as toxic shock syndrome toxin TSST-1 in Korean patients with CSU [61]. More recently, 

219 Altrichter et al. assessed the prevalence and functional relevance of IgE to SEs in CSU [62]. 

220 These authors demonstrated that serum concentrations of IgE-SEB were significantly 

221 correlated with total IgE serum levels in CSU. Moreover, in CSU patients, levels of IgE-SEB 

222 have histamine-releasing effects, which are linked to both disease activity and its duration.
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223 An early study showed that some bacterial antigens may be the target of IgE and that 

224 mast cells with antibacterial IgE receptor on their surface degranulate when exposed to IgE-

225 specific bacterial antigens such as SEs [17]. Most clinical isolates of S. aureus can synthesize 

226 protein A, which has a classical site that binds to Fc gamma of IgG, and an alternative site 

227 that binds the Fab portion of 15-50% of human polyclonal IgG, IgM, IgA, and IgE [26,27]. 

228 Since protein A of S. aureus is a bacterial superantigen, this raises the possibility that 

229 exacerbations of CSU and atopic dermatitis associated with S. aureus infection might occur 

230 through this mechanism. S. aureus frequently colonizes skin in atopic dermatitis patients 

231 [63] and the ability of its enterotoxins to polyclonally activate T cells with the subsequent 

232 release of huge amounts of IgE and other immunoglobulin isotypes is well established. IgE 

233 directed against enterotoxins is a common finding in atopic dermatitis. Staphylococcus 

234 aureus might also influence the natural course of the disease. Some of its products down-

235 regulate FcεRI expression on dendritic cells [64]. Taken together these findings suggest a 

236 relevant IgE mediated pathophysiological role of S. aureus both in CSU and atopic dermatitis.

237

238 5.0 Therapeutic implications of S. aureus involvement in IgE-mediated 

239 diseases

240 In 2013, Gevaert et al published a study demonstrating the efficacy of omalizumab in 

241 both atopic and non-atopic patients affected by CRSwNP and comorbid asthma, most of 

242 whom were positive to serum IgE specific to SEs. After 16 weeks, a significant reduction in 

243 total nasal endoscopic polyp score, confirmed by computed tomography of the paranasal 

244 sinuses, associated with an improvement of symptoms and asthma quality of life, was seen 

245 only in the omalizumab group [65].
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246 Several studies have demonstrated the efficacy of omalizumab in severe non-atopic 

247 asthmatics, i.e. patients who, although their skin prick test were negative to the common 

248 panel of aeroallergens, had serum total IgE levels in the range of omalizumab prescribability. 

249 In this group of patients, Garcia et al. demonstrated that omalizumab, in comparison with 

250 placebo, led to a significant increase in FEV1 % and determined a trend towards a reduction 

251 in asthma exacerbation rates. In addition, a multicenter registry study demonstrated the 

252 ability of omalizumab in reaching several clinical outcomes in a similar way in both non-

253 atopic and atopic severe asthmatic patients, followed over 2 years [66]. A further study in 

254 symptomatic non-atopic asthmatics demonstrated that omalizumab, compared to placebo, 

255 determined a significant reduction of bronchial mucosal IgE and an improvement of lung 

256 function [67]. Lastly, a recent real-world post-hoc analysis of 80 symptomatic non-atopic 

257 asthma patients reported that following 1 year of treatment with omalizumab, fifty percent 

258 of patients had no daytime symptoms, more than half no longer required rescue medication 

259 and a remarkable disease control was achieved [68]. 

260 Very interestingly, the “Identify Project”, through the measurement of serum specific 

261 IgE against 35 perennial aeroallergens, demonstrated that 51.5% of severe asthmatic 

262 patients previously considered non atopic were sensitized to at least one of them and the 

263 two most common sensitizations were towards staphylococcal enterotoxins A and B.  This 

264 result suggests that the percentage of allergic asthmatics may be underestimated, and that 

265 there is a need to a correct evaluation of allergic status, in particular against staphylococcal 

266 enterotoxins. 

267 The efficacy of omalizumab has also been recently demonstrated in severe CRSwNP 

268 patients regardless of the atopic state. In particular, in two recent studies, POLYP 1 and 
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269 POLYP 2, omalizumab determined a significant change from baseline in Nasal Polyp Score 

270 and Nasal Congestion Score and other secondary endpoints, in comparison with placebo 

271 [69]. Based on these positive results, the EMA approved the therapeutic indication of 

272 omalizumab as an add-on therapy with intranasal corticosteroids for the treatment of adults 

273 with severe CRSwNP. 

274 The efficacy and safety of omalizumab in CSU is largely recognized [70] and patients 

275 affected by CSU are already candidates to anti-IgE therapy regardless of the presence and 

276 nature of the allergic sensitization. To this regard, omalizumab may be beneficial in patients 

277 with increased levels of serum IgE towards SEs, as already described in CSU.

278 As stated previously, several studies have demonstrated a strong link between 

279 bronchial asthma, CRSwNP and CSU with SEs, particularly in patients with the most severe 

280 forms of the diseases. Searching for the presence of serum IgE against SEs in this subsets of 

281 patients could improve our understanding on the involvement of this pathogen in these 

282 disorders that frequently are concomitant, can share common pathogenetic mechanisms 

283 and can benefit from an anti-IgE treatment. 

284

285

286 6.0 Conclusion

287 There is increasing evidence indicating that S. aureus may play a greater role in the 

288 pathogenesis of severe asthma, CRSwNP and CSU than previously thought. Through the 

289 release of its enterotoxins, S. aureus can induce both the production of polyclonal IgE and 

290 the synthesis of specific IgE that can elicit the inflammatory cascade. Based on these 

291 assumptions, an anti-IgE strategy could be a valid approach in these S. aureus-mediated 
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292 diseases. In this regard, omalizumab is currently the only biological agent available in clinical 

293 practice that specifically targets IgE and which is approved for treatment of severe allergic 

294 asthma, CSU, and CRSwNP  [71]. Further studies evaluating the efficacy of omalizumab in 

295 these subsets of patients showing the presence of serum IgE against SEs are needed.

296

297 7.0 Expert opinion

298 Several endotypes of severe asthma, CRSwNP and CSU are characterized by the 

299 presence of sensitization toward the enterotoxins of S. aureus. Serum levels of IgE against 

300 SEs appear to be associated with poor outcomes of these diseases. In particular, as 

301 described herein, in severe asthma IgE to SEs correlated with the frequency of 

302 exacerbations, risk of hospitalization, and no symptom control [33,36]. In patients with 

303 CRSwNP the presence of IgE to S. aureus represents a risk factor for recurrence of disease 

304 and comorbidity with bronchial asthma [9]. SEs can also induce the activation of IgE-bearing 

305 cells as demonstrated in a recent flow-cytometric study in which the exposure of circulating 

306 basophils to SEs was able to activate them in about one-third of patients affected by severe 

307 asthma [23]. 

308 On the basis of these assumptions, we believe the detection of serum IgE against SEs 

309 should be carried out in all patients suffering from severe bronchial asthma, CRSwNP, and 

310 CSU as their presence can represent, not only a marker of severity of disease, but also a 

311 target of anti-IgE therapy. Gevaert et al. demonstrated the efficacy of omalizumab in 

312 patients suffering from bronchial asthma and CRSwNP sensitized to SEs [65]. Further studies 

313 are needed to validate these results not only in severe asthma and CRSwNP but also in CSU 

314 and atopic dermatitis. However, while in CSU and CRSwNP omalizumab can be prescribed on 
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315 the basis of serum IgE levels regardless the identification of a specific sensitivity to an 

316 aeroallergen, in severe asthma, it can be prescribed only in presence of a sensitization to a 

317 perennial allergen. Hence the need to measure specific IgE to SEs, particularly in patients 

318 with increased total serum IgE levels and not allergic to one of the most common perennial 

319 aeroallergens. Patients showing serum IgE against SEs and even colonized with S. aureus, are 

320 exposed to allergens that, in our opinion, can be considered as perennial and could benefit 

321 of an anti-IgE therapy. S. aureus can also induce the activation of a type 2 eosinophilic 

322 inflammation mediated by the release of allarmins, such as TSLP, and/or IL5 and these 

323 molecules could also be the targets of biological therapies [72]. 

324 In conclusion, we believe that in all patients suffering from severe forms of bronchial 

325 asthma, CSRwNP, and CSU with evidence of S. aureus involvement, as airways colonization 

326 and/or sensitization to its enterotoxins, it is essential to better define the role of this 

327 bacterium in the pathogenesis of these type 2 disorders and to evaluate different 

328 therapeutic strategies with the available biological drugs.

329
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Figure legends

Figure 1. Inflammatory response mechanisms induced by S. aureus infection.

BCR: B-cell receptor; ILC: innate lymphoid cells; MHC: major histocompatibility complex; SEs: 

staphylococcal enterotoxins; SplD: serine protease–like protein D; TCR: T-cell receptor; TSLP: thymic 

stromal lymphopoietin;
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