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ABSTRACT
Background: Staphylococcal enterotoxins (SEs) appear to play a role in the pathogenesis of allergic disease. However, no animal models have been reported

to show nasal allergic inflammation by repeated inhalation with staphylococcal enterotoxin B (SEB) in the absence of adjuvant. This study was designed to
determine whether intranasal instillation of guinea pigs with SEB results in nasal allergic inflammation.

Methods: Guinea pigs were intranasally instilled with 40 �L of 4-�g SEB once every 4 days 11 times. For the control group, guinea pigs were prepared
with saline instead of SEB. Sneezing and nasal scratching frequency were evaluated after each intranasal instillation. The production of antigen-specific
antibodies including IgE, nasal eosinophilia, and cytokines in the nasal cavity lavage fluid (NCLF) were measured after the 11th intranasal immunization.

Results: In the model group, symptoms of sneezing and nasal scratching were induced at the 8th to 11th challenges. Intranasal immunization with SEB
elicited a local nasal mucosa inflammatory response characterized by apparent eosinophil infiltration. In the NCLF, the expression of IL-4 but not
interferon-gamma was increased after challenges. The serum levels of total and SEB-specific IgE and IgG1 were higher in model groups in comparison with
the control groups (p � 0.01).

Conclusion: These results indicate that repeated intranasal instillation with SEB leads to Th2 immune response, allergic nasal inflammation, and increased
antigen-specific IgE production that are characteristic of allergic rhinitis (AR). The model in this study could be valuable in analyzing the pathogenesis of AR
infected with Staphylococcus aureus.

(Am J Rhinol Allergy 25, 176–181, 2011; doi: 10.2500/ajra.2011.25.3609)

Allergic rhinitis (AR) is one of the typical atopic diseases. It is often
characterized by expression of Th2 type cytokines IL-4, IL-5,

and IL-131–3; elevated antigen-specific IgE; and a marked inflamma-
tory cell infiltration, which consists of eosinophils and lympho-
cytes.4–6

Staphylococcus aureus is a Gram-positive pathogenic germ, often
found as part of the microflora of the human skin and the upper
respiratory tract.7 Elegant studies have shown that a nasal mean
carriage rate of S. aureus is 37.2% in the general population.8 The
anterior nares are the primary reservoir of S. aureus.9 S. aureus ex-
presses types of toxin with superantigen activity: staphylococcal en-
terotoxins (SEs) and toxic shock syndrome toxin 1.10 Some reports
have revealed that more than one-half of the pathogenic isolates
produce one or more superantigen exotoxins; even strains isolated
from asymptomatic carriers can produce superantigens.11–13 It is well
known that SEs trigger an excessive immune response and appear to
be involved in the pathogenesis of allergic disease, especially atopic
dermatitis.14–17 In addition, SEs as allergens play an important role in
atopic dermatitis.18–21

But the mechanism by which S. aureus and/or S. aureus toxins
contribute to the development of AR remains unclear. Recently, Shi-
omori et al. have reported that the nasal cavity of up to 44% of patients
with perennial AR is colonized with S. aureus. Moreover, the rate of
nasal carriage of superantigen-producing S. aureus among these pa-
tients is significantly higher than control subjects. Peripheral blood
lymphocytes of these patients produced significantly higher levels of
IL-4 and IL-5 and decreased levels of interferon (IFN) � in response to
superantigen.22 More recently, Rossi et al. showed a significantly
higher prevalence of serum-specific IgE toward SEs in patients with

perennial AR and suggested a possible role of SEs in increasing serum
extracellular protein in allergic disease.23 These findings prompted us
to investigate the possibility that intranasal exposure to SEs may
induce AR. However, to date, no successful animal models have been
reported to show SEs induce nasal allergic inflammation. An aim of
this study was to establish a model of AR in guinea pigs by repeated
intranasal instillation with staphylococcal enterotoxin B (SEB).

MATERIALS AND METHODS

Animals and Materials
Male, 8-week-old Hartley guinea pigs (250–300 g) were purchased

from the Laboratory Animal Center, Chongqing Medical University.
The animals were housed in an air-conditioned room that maintained
allergen-free conditions. The animals were fed a standard laboratory
diet. All experimental protocols and procedures in the present study
were approved by the Chongqing Medical University Animal Care
and Use Committee. SEB was purchased from Sigma (St. Louis, MO).

Challenge of Guinea Pigs
Guinea pigs (n � 6 per group) were given 40 �L of 4-�g SEB by

intranasal instillation in the absence of adjuvant once every 4 days for
11 times (total 41 days). For the control groups, the animals received
the same amount of saline instead of SEB.

Symptoms Observation
Sneezing frequencies were in intervals of 0–10 minutes and 10

minutes–1 hour after the SEB intranasal challenges were counted. At
the same time, nasal scratching frequencies were measured.

Cytokine Determination in Nasal Cavity Lavage
Fluid

Within 5 hours after the final nasal challenge, the guinea pigs were
anesthetized by i.m. injection with urethane (1350 mg/kg). The nasal
cavity lavage (NCL) was performed as described by Nabe et al.24 In
brief, washing with 2 mL of physiological saline was performed from
the right nostril to the left nostril. Over 80% of NCL fluid (NCLF) was
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collected. The NCLF was centrifuged at 1400 rpm for 10 minutes at
room temperature. The supernatant was used for IL-4 and IFN-�
assays by enzyme-linked immunosorbent assay (ELISA; Bionewtrans
Pharmaceutical Biotechnology Co., Ltd. Franklin, MA). The limit of
detection was �2 pg/mL for each cytokine.

Serum Immunoglobulin Levels
Five hours after the final challenge, the guinea pigs were killed by

cardiac puncture. Serum was collected. Serum total IgE, IgG, and IgA
were measured by competitive ELISA. SEB-specific IgG1 levels were
quantified with indirect ELISA as Savinko et al. described.25 In brief,
plates were coated (100 �L/well) with 0.1 �g/mL of SEB in 0.05 M of
NaHCO3 (pH 9.6) at 4°C overnight. Plates were washed with PBS-
Tween 20 and blocked (200 �L/well) with 2% bovine serum albumin
(BSA) for 2 hours at 20°C and washed again; 1:100 diluted sera in 0.1%
BSA was incubated (100 �L/well) at 4°C overnight. After washing,
1:500 diluted horseradish peroxidase (HRP)–goat anti-guinea pig
IgG1 monoclonal antibody (AbD Serotec, Oxford, United Kingdom)
in 0.1% BSA was incubated (100 �L/well) at 20°C for 2 hours and
washed again. 3,3’,5,5’-Tetramethylbenzidine chromogenic reagents
(100 �L) was incubated at 20°C for 10 minutes and stop solution (100
�L/well) was added. Titers for SEB-specific IgG1 were estimated as
mean optical density at 450 nm. SEB-specific IgG2 and IgE levels were
measured by the aforementioned method. Specific IgG2 was detected
with HRP-goat anti-guinea pig IgG2 mAb (AbD Serotec). Specific IgE
was detected with HRP-goat anti-mouse IgE mAb (Southern Biotech-
nology Associates, Inc., Birmingham, AL).

Histological Examination
Nasal tissue was collected, fixed in formalin, and embedded in

paraffin. Coronal nasal sections were stained with hematoxylin and
eosin. Initially, eosinophil infiltration in the nasal mucosa was ob-
served microscopically in a high-power field (10 � 40). Subsequently,
200 leukocytes was counted microscopically (10 � 100) in total. The
percentage of eosinophilia in total leukocytes was computed.

Statistical Analysis
All results presenting normal distribution were expressed as

mean � SD. Comparison of means between different groups was
performed with Student’s t-test (two groups). Data presenting non-
normal distribution was expressed as M (Q). Statistical analyses were
performed with Wilcoxon test. The value of p � 0.05 was considered
statistically significant.

RESULTS

The Changes in Sneezing and Nasal Scratching
Frequency

Figure 1 shows the changes in sneezing frequency within 10 min-
utes after each challenge among SEB-challenged and saline-chal-
lenged guinea pigs. At the 8th to 11th challenges, the guinea pigs in
the model group produced the highest sneezing frequency within 10
minutes after each challenge. From the 10th minute, little or no
sneezing was observed at any challenge time. At the same time, the
total number of sneezes increased with increasing challenge number.
The guinea pigs in the control group produced significantly less
sneezing than the ones in the model group (p � 0.01). Change in nasal
scratching frequency is similar with changes in sneezing frequency
(data not shown).

IL-4 and IFN-� Levels in NCLF
Figure 2 shows the levels of IL-4 and IFN-� in NCLF among

SEB-challenged and saline-challenged guinea pigs. IL-4 levels in
NCLF were significantly higher in the model group (29.19 � 2.83)

compared with the control group (7.35 � 1.14); the increase was
statistically significant (p � 0.0001). However, the amount of IFN-� in
NCLF is lower in the model group (59.74 � 17.88) than the control
group (90.94 � 7.35); the lower amount was statistically significant
(p � 0.006).

Immunoglobulin Production in Serum
Figure 3 shows SEB-specific IgE, IgG1, and IgG2 and total IgE levels

in serum among SEB-challenged and saline-challenged guinea pigs.
In the model group, the guinea pigs produced increased amounts of
SEB-specific IgE and IgG1. The median of optical density at 450 nm
(Q) was 0.15 (0.11) and 4.12 (0.19); however, in the control group, the
levels of SEB-specific IgE and IgG1 could not be detected. Compared
with the control group, these increases were statistically significant
(p � 0.01, Wilcoxon test). In the two groups, guinea pigs did not
produce detectable amounts of SEB-specific IgG2. An increased level
of total serum IgE and IgG was also observed among SEB-challenged
guinea pigs. Compared with the control group, this increase was
statistically significant (p � 0.002, Student’s t-test).

Eosinophils in the Nasal Mucosa
Figure 4 shows eosinophil infiltration in the nasal mucosa among

SEB challenged and saline challenged guinea pigs. In the model
group, guinea pigs show apparent eosinophil infiltration in nasal
mucosa. Eosinophils accounted for 0.412(0.119) among the total leu-
kocytes; however in the control group, eosinophils only accounted for
0.028(0.013) among the total leukocytes. Compared with the control
group, these increases were statistically significant (p � .01 Wilcoxon
test). Eosinophils infiltrated not only in the lamina propria but also in
the epithelial layer. However, eosinophil infiltration was not seen in
guinea pigs challenged with saline. What’s more, vasodilatation and
edema is present in the submucosal areas among SEB challenged
guinea pigs.

DISCUSSION
The present study shows that repeated intranasal immunization with

SEB elicits typical symptoms of AR. From the eighth challenge, the
significant increase of sneezing frequency was observed immediately
after each challenge in the immunized guinea pigs. At the same time, the
total number of sneezes increased with increasing challenge number.
The peak of frequent sneezing was within 10 minutes after challenge.

Some reports revealed that intranasal sensitization without ad-
juvant resulted in either transient induction of antigen-specific IgE
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Figure 1. The changes in sneezing frequency within 10 minutes after each
challenge among staphylococcal enterotoxin B (SEB)–challenged and saline-
challenged guinea pigs. Each point represents the median of six animals. (f,
SEB-challenged guinea pigs; �, saline-challenged guinea pigs). At the 8th to
11th challenges, the SEB-challenged guinea pigs produced a higher sneezing
frequency than saline-challenged guinea pigs (*p � 0.01).
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or none at all.26,27 Adjuvants are commonly used in intranasal
immunization to induce antigen-specific immunoglobulin produc-
tion because most soluble antigens are less immunogenic by them-
selves.28–30 It is well known that adjuvants have immunoregulatory
effects that induce Th2 immune reaction and IgE production
against antigen.31–33 In this study, we found that a significant
amount of SEB-specific IgE and IgG1 could be produced in the
sensitized guinea pigs by intranasal sensitization in the absence of
any adjuvant. The reason that we could induce specific IgE without
adjuvant may be the use of SEB as an antigen. First, SEB might

activate dendritic cells via Toll-like receptor 2. SEB-activated den-
dritic cells express T-cell immunoglobulin mucin domain 4 and
secret high levels of IL-2, which drive CD4� T cells to become Th2
cells.34,35 Therefore, SEB might act as an adjuvant to induce Th2
immune reaction on its own. Some studies indicate that immuni-
zation of animals with antigen in the presence of SEB results in
more Th2 cytokines, such as IL-4 and IL-5, and antigen-specific IgE
production than immunization with antigen alone.27,36,37 In addi-
tion, SEB has been shown to induce a huge polyclonal B-cell
activation and the differentiation of natural killer T cells or CD4�

(a)                                    (b) 
 

 

Figure 2. The levels of (a) IL-4 and (b)
interferon (IFN) � in nasal cavity lavage
fluid (NCLF) among staphylococcal entero-
toxin B (SEB)–challenged and saline-chal-
lenged guinea pigs. Each column represents
the mean � SD of six animals. Compared
with saline-challenged guinea pigs, the ex-
pression of the Th2 cytokines IL-4 was in-
creased in SEB-challenged guinea pigs (p �
0.0001); however the expression of the Th1
cytokine IFN-� was more decreased in SEB-
challenged guinea pigs than in saline-chal-
lenged guinea pigs (p � 0.006).
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 Figure 3. Staphylococcal enterotoxin B
(SEB)–specific (a) IgE, (b) IgG1, (c) IgG2 and
(d) total IgE levels in serum among SEB-
challenged and saline-challenged guinea pigs.
Each point represents the median or mean of
six animals. Compared with saline-challenged
guinea pigs, the SEB-challenged guinea pigs
produced increased amounts of SEB-specific
IgE, IgG1, and total serum IgE (p �0 .0039
for SEB-specific IgE, Wilcoxon test; p �
0.0021 for SEB-specific IgG1, Wilcoxon test;
p � 0.0002 for total serum IgE, Student’s
t-test). Among SEB-challenged and saline-
challenged guinea pigs, the level of IgG2 had
no statistically signigicant difference (p �
0.1396, Wilcoxon test).
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T cells.38,39 Those activated natural killer T cells or CD4� T cells
express the high level of adhesion molecules (CD1 and CD40L) and
inflammatory cytokines (IL-4 and IL-13), which are largely
responsible for B-cell helper activity and SEB-specific IgE
production.40–42

However, some studies reported that intranasal application of
SEB alone did not induce significant production of SEB-specific IgE
in mice.23,43 These reports are not completely attached with our
results. One of the reasons that we could induce specific IgE with
SEB alone may be the use of guinea pigs as animal species of the
animal model of AR. It is well known that correct choice of animal
species severely affects successful establishment of animal models.
According to the literature reports, guinea pigs, rats, mice, and
rabbits have been selected to study AR.44–47 These animals stimu-
lated with allergen produce different levels of allergic reaction,
which order is guinea pigs � rabbits � mice � rats. So guinea pig
is the preferred choice for establishment of a model of allergic
disease in the evaluation of specific antibody production.48 An-

other reason may be the time of stimulation. We speculate that it
might need a much long time to induce the detectable levels of
specific antibody production in serum via nasal inhalant of aller-
gen. It is because lymph tissues in the nostril are not as plentiful as
those in the peritoneum.49 Nabe et al. have reported that most
guinea pigs suffering from AR had no detectable levels of the
anaphylactic antibodies in their serum until the 5th week after
stimulation.50 It may explain why in those reports the sensitized
mice have no SEB-specific IgE in their serum via intranasal appli-
cation of SEB alone in a relatively short time (7 days or 4 weeks).

In conclusion, we show that repeated intranasal instillation with
SEB absent of adjuvant can induce allergic inflammation in guinea
pigs characterized by eosinophil infiltration in nasal mucosa, in-
creased expression of the Th2 cytokines in NCLF, and detectable
levels of SEB-specific IgE in serum. In addition, the challenged guinea
pigs representing typical symptoms of AR showed sneezing and
nasal scratching. This model might be valuable in additional investi-
gations into the pathogenesis of AR.

Figure 4. Histological features of the nasal mucosa among
staphylococcal enterotoxin B (SEB)–challenged and saline-
challenged guinea pigs (hematoxylin and eosin, 10 � 40).
(a) Guinea pigs challenged with SEB show apparent eosino-
phil infiltration, vasodilatation, and edema in nasal mucosa
compared with (b) guinea pigs challenged with saline.
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