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were statistically higher in the IgE-positive group than in 
the IgE-negative group (MD 16.26, 95 % CI 4.86–27.67, 
P  =  0.005, MD 2.43, 95  % CI 0.39–4.48, P  =  0.02, 
respectively). However, the eosinophil and CD8+ T cell 
counts showed no difference between IgE-positive group 
and -negative group. This meta-analysis indicated that the 
SA superantigens may be a risk factor for CRSwNP, and 
the presence of SA superantigen is related to the disease 
severity of CRSwNP.

Keywords  Chronic rhinosinusitis with nasal polyps · 
Staphylococcus aureus · Superantigen · Meta-analysis

Introduction

Chronic rhinosinusitis is one of the most usual nasal dis-
eases, whose main clinical symptoms consist of persis-
tent nasal congestion, purulent nasal discharge, dysosmia 
and headaches, etc. There are two types of chronic rhi-
nosinusitis, including chronic rhinosinusitis with nasal 
polyps (CRSwNP) and without nasal polyps (CRSsNP). 
CRSwNP is more apt to relapse than CRSsNP, and the 
active drugs and surgical treatment have poor efficacy 
on CRSwNP, thus impairing the patients’ health and the 
quality of life more severely. Its etiology and pathogen-
esis are still not expounded yet. In recent years, some 
studies [1, 2] have put forward that the pathogenesis of 
CRSwNP has a relationship with the infection of Staph-
ylococcus aureus, especially Staphylococcus aureus 
enterotoxins (SEs) which it secretes that play an impor-
tant role in CRSwNP. SA is one of the three pathogenic 
Gram-positive coccus; it always settles in the upper res-
piratory tract, especially in the nasal cavity. SE as a clas-
sic superantigen (SAg) is a set of a related thermal stable 
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structure protein family, whose primary subtypes contain 
SEA, SAB, SAC, SAD, SAE and toxic shock syndrome 
toxin-1 (TSST-1) [3]. SA might impact on some factors 
and then cause chronic inflammatory disease through 
the superantigen effect of SE [4], such as toxic shock 
syndrome, psoriasis, atopic dermatitis, mucocutaneous 
lymph node syndrome (MCLS), and so on. A meta-anal-
ysis [5] of some clinical studies has also supported an 
underlying role of S. aureus superantigens in asthma and 
allergic rhinitis.

In the past few years, several reports abroad supported 
bacterial superantigen theory, as Schubert [6] indicated that 
SE might act as superantigens in chronic rhinosinusitis, 
particularly in patients with nasal polyps. Bernsein et al. [7] 
suggested that more than one kind of SEs was detected in 
the mucus near 55 % of nasal polyps. But there were some 
studies against this hypothesis. For example, Damm et al. 
[8] reported the nasal Staphylococcus aureus culture rate in 
the patients of nasal polyps was not higher than the con-
trol group and that Staphylococcus aureus carrying condi-
tion was not a risk factor of disease extent and severity of 
chronic rhinosinusitis. Recently, there are numerous studies 
that investigated the association between SA superantigens 
and CRSwNP, but the results remain controversial and have 
various opinions. To explore the exact role of SA superanti-
gens in the risk of CRSwNP, we performed a meta-analysis 
by collecting and analyzing the related indicators about 
them from all eligible studies.

Methods

Selection of studies

Literature searches were performed on PubMed, MED-
LINE, EMBASE, Cochrane Library and CNKI from the 
date of establishment of the databases to May 2013 using 
the following search strategies: ‘Staphylococcus aureus 
enterotoxins’ or ‘superantigen’ and ‘chronic rhinosi-
nusitis’ or ‘nasal polyps’. All searches were restricted 
to human studies. In addition, we performed a manual 
search of the references of all identified articles to find 
other studies. There was no language restriction. The 
articles identified by the search were then screened for 
inclusion or exclusion. The inclusion criteria were: (1) 
case–control studies, (2) studies about the relationship 
between SA superantigens and CRSwNP, (3) the patients 
in the CRSwNP group were diagnosed clearly based on 
the guideline [9], and (4) studies with sufficient available 
data to further analyses. Articles were excluded if they 
were duplicate publications, reviews, comments, or there 
was lack of sufficient original data, or failure to ask for 
missing data.

Data extraction

Two assessors read the included articles and performed data 
extraction independently, and then created databases and 
cross-checked data. They reached a consensus on all items 
by discussion. If they were unable to reach an agreement, 
an expert was invited to the discussion. The following infor-
mation was extracted from each included study: first author, 
published year, country, ethnicity of study population, 
demographic characteristics of samples (age, gender, and 
numbers of samples), the outcomes in each article and the 
detection technology. If the included literatures had missing 
information, we would contact with authors directly.

Statistical analysis

The data analysis was performed using RevMan 5.0. The 
relationship between SA superantigens and CRSwNP was 
assessed by odds ratio (OR) or mean difference (MD) and 
95  % confidence interval (95  % CI). A Chi square test 
was used to test the presence of heterogeneity between the 
included studies. If P > 0.1, I2 < 50 %, these several simi-
lar studies were considered with homogeneity, and the fixed 
effects model was chosen for the meta-analysis or the ran-
dom effects model was chosen instead. If P < 0.1, and the 
source of heterogeneity could not be estimated, meta-anal-
ysis was not been performed and descriptive analysis would 
be chosen instead. The significance of pooled ORs was 
detected by the Z test (P < 0.05 was considered significant).

Results

Study characteristics

Using the search strategy described, we found 71 relevant 
articles. 59 studies were excluded for not meeting the inclu-
sion criteria: 37 studies were not relevant to CRSwNP and 
superantigens; five studies did not have sufficient data for 
further analysis; 15 studies were review articles; and two 
studies were comment articles. Therefore, 12 studies [10–
21] consisting of 340 cases and 178 controls were included 
in this meta-analysis of the association between Staphy-
lococcus aureus superantigens and the risk of CRSwNP 
(Fig.  1). 115 CRSwNP patients in the total group had 
comorbidities such as asthma, allergic rhinitis, aspirin sen-
sitivity, etc. The characteristics of the included studies are 
summarized in Table 1.

Quantitative data synthesis

The association between Staphylococcus aureus superan-
tigen and the risk of CRSwNP was evaluated through the 
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detection rate of SA culture in the nasal cavity, SE and 
the specific IgE against SE in the serum. Among the 12 
included studies, four studies [10, 12, 17, 19] evaluated the 
association between SA culture-positive rate and the risk of 
CRSwNP. As shown in Fig. 2a, we found that SA culture-
positive rate in the CRSwNP group was significantly higher 
than that in the control group (OR 4.85, 95  % CI 1.80–
13.05, P  =  0.002). Five studies [12, 15, 19–21] reported 
the relationship between SE and CRSwNP. Significant dif-
ference in the detection rate of SE between the two groups 
was found (OR 12.07, 95 % CI 4.57–31.90, P < 0.00001) 
(Fig.  2b), and four studies [11, 14, 16, 18] assessed the 
association between the specific IgE against SE and 
CRSwNP. Meta-analysis indicated that the detection rate 
of SE-specific IgE in the CRSwNP group was significantly 
higher than that in the control group (OR 17.03, 95 % CI 
5.43–53.39, P < 0.00001) (Fig. 2c). Besides, we discovered 
that the SA culture-positive rate and the detection rate of 
SE in patients with CRSwNP, who did not have comorbidi-
ties of asthma, allergic rhinitis, and aspirin sensitivity, were 
still significantly higher than that in the control group (OR 
3.93, 95 % CI 1.13–13.68, P = 0.03, OR 10.73, 95 % CI 

3.66–31.46, P  <  0.0001, respectively) (Fig.  2d, e). How-
ever, we found that the detection rate of SE in the CRSsNP 
group was not significantly higher than that in the control 
group (OR 2.06, 95 % CI 0.21–20.72, P = 0.54) (Fig. 3).

In a further analysis, the mechanism of SAg triggering 
CRSwNP remained unclear. Analysis only indicated the 
CD4+ T cell counts in the SE-specific IgE-positive group 
was significant higher than that in the SE-specific IgE-neg-
ative group (MD 16.26, 95 % CI 4.86–27.67, P = 0.005) 
(Fig. 4a), whereas the eosinophil and CD8+ T cell counts 
showed no differences between the two groups above (MD 
36.75, 95 % CI −8.09 to 81.60, P = 0.11; MD 97.99, 95 % 
CI −110.02 to 306.00, P = 0.36, respectively) (Fig. 4b, c).

In addition, two studies [13, 16] also reported the rela-
tion between exposure to SAg and CRSwNP severity. 
In these studies, the disease severity of CRSwNP was 
assessed by Lund–Mackay CT scores. Lund–Mackay CT 
scores were statistically higher in the SE-specific IgE-posi-
tive group than in the SE-specific IgE-negative group (MD 
2.43, 95 % CI 0.39–4.48, P = 0.02) (Fig. 4d).

Discussion

Nowadays, there are a variety of studies on bacterial supe-
rantigen hypothesis, but they have different opinions. Our 
meta-analysis confirmed it in a more robust way by combin-
ing data from 12 included studies and the results indicated 
that the nasal SA culture-positive rate, the detection rate of 
SE and its specific IgE in patients with CRSwNP is signifi-
cantly higher than that in the control group. The infection 
of SA, especially the presence of its endotoxins, may lead 
to the increase of the risk of CRSwNP. It is consistent with 
the findings reported by Bachert et al. [1], Schubert [6] and 
Bernsein et al. [7]. Since SA superantigens also have a rela-
tionship with asthma and allergic rhinitis [5], we performed 
another analysis to exclude the effect of other chronic 
inflammatory diseases. The SA culture-positive rate and the 
detection rate of SE in CRSwNP patients without asthma, 
allergic rhinitis and aspirin sensitivity are still significantly 
higher than controls. Staphylococcus aureus superantigens 
play a role in chronic rhinosinusitis with nasal polyps. Inter-
estingly, we found that the detection rate of SE in patients 
with CRSsNP was not significantly higher than that in the 
control group. The role of Staphylococcus aureus superanti-
gens in CRSsNP remains uncertain.

To explore the pathogenic mechanism of Staphylococ-
cus aureus superantigens, some scholars pointed out that SA 
superantigens led to the occurrence of CRSwNP by promot-
ing the infiltration of eosinophils and lymphocytes [6]. The 
main feature of superantigens is to bypass the process of anti-
gen-presenting cells (APCs), but directly link with the major 
histocompatibility II complex (MHC II) by binding outside 

70 of records identified

through database searching

4 of additional records    

identified through manual   

search of references

71 of records after

duplicates removed

34 of records screened

12 of full-text articles

assessed for eligibility

12 of studies included in
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Fig. 1   Study flow diagram
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the peptide-binding grove on the surface of APCs through 
a complete protein molecule [22]. It makes SA alter the 
immune response to escape from host defense and enables 
colonization effectively. SEs act as superantigens and activate 
a large amount of T cells containing the specific Vβ region 
non-specifically [23] resulting in a skewing of the TCR Vβ 
repertoire, thereby synthesizing inflammatory cytokines. 

Superantigens can not only activate lymphocytes directly, but 
also stimulate eosinophils, mast cells and other inflammatory 
cells to assemble [24]. Perez-Novo et al. [25] put forward the 
hypothesis that the immune response caused by SA superanti-
gens affected the eicosane hormone regulatory pathways and 
raised its synthesis. Since eicosane hormones, which include 
leukotrienes, prostaglandins and lipoxin, are important 
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inflammatory mediators, they led to the increase of eosino-
phils infiltration and then produced several relevant cytokines 
and inflammatory mediators, thus causing chronic inflamma-
tion of the nasal sinus mucosa by the cascade inflammatory 
effect. In this meta-analysis, patients in the CRSwNP group 
were divided into two groups according to the detection of 
SE-specific IgE. However, we only found significant differ-
ence in CD4+ T cell counts between SE-specific IgE-positive 
group and -negative group. But the differences of eosinophil 
and CD8+ T cell counts between the two groups were not 

statistically significant. On the contrary, Gevaert et  al. [17] 
discovered an opposite result: eosinophil counts in the SE-
positive group was higher than in the -negative group. The 
inconformity of these conclusions may be associated with dif-
ferent active states of the detected eosinophils. Therefore, the 
detection only of active eosinophils, while ignoring degranu-
lated and inactive cells, may result in a false-negative result. 
Nevertheless, the research by Gevaert et al. [17] lacks suffi-
cient data to calculate merge OR and 95 % CI in the meta-
analysis. However, the significant difference in CD4+ counts 
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Fig. 3   Forest plot of studies comparing the detection rate of SE in patients with CRSsNP and control
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in the two groups is not enough to explain the pathogenic 
mechanism of SA superantigens, because this meta-anal-
ysis of CD4+ is based on only two studies of small sample 
sizes and CD4+ T cell is just a kind of lymphocyte. Besides, 
Wang et al. [21] found that the TCRVβ spectrum skewing in 
patients with CRSwNP was closely related to SA superanti-
gens. Bernstein et al. [26] also had a similar conclusion. But 
the two articles could not provide sufficient data to perform a 
meta-analysis. Thus, more high-quality researches are needed 

to provide an evidence-based proof that the up-regulation of 
TCRVβ is one of the mechanisms of SA superantigens caus-
ing CRSwNP. Moreover, Clark et al. [13] and Tripathi et al. 
[16] found the relationship between the exposure to SA supe-
rantigens and the disease severity of CRSwNP. In this meta-
analysis, Lund-Mackay CT scores were statistically higher in 
the SE-specific IgE-positive group than the -negative group. 
The presence of SA superantigens could be used as an index 
of CRSwNP severity.
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specific IgE-positive group and the -negative group
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In summary, this meta-analysis demonstrated that the 
Staphylococcus aureus superantigen may be a risk factor 
for the persistence and severity of chronic rhinosinusitis 
with nasal polyps, and the presence of SA superantigens is 
related to the disease severity of CRSwNP. So the therapy 
targeting SA superantigens is expected to be a new method 
for the treatment of CRSwNP. Nevertheless, since the 
included literatures are all case–control studies, their proof 
intensity is not strong enough and only the association 
could be provided. Therefore, there is still a need for large 
sample, high-quality, scientific and normative randomized 
controlled trials of the multi-center, so as to further confirm 
the relationship between Staphylococcus aureus superan-
tigens and chronic rhinosinusitis with nasal polyps and its 
mechanism.
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