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Sneezing and Rubbing Counts in Allergic Rhinitis
Mouse Models Are a Reliable Indicator of Type 2
Immune Response
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Allergic rhinitis (AR) is the most common immunological dis-
ease in people of all ages, and its prevalence is increasing glob-
ally [1]. Despite proper management, some AR patients experi-
ence persistent and severe symptoms [2]. Therefore, efforts to
investigate new therapeutic modalities and drug combinations
are underway. AR mouse models have been broadly used for
various experiments ever since a Japanese research group intro-
duced the ovalbumin (OVA)-induced model of AR [3]. Sneezing
and rubbing counts in the mouse model of AR, which are as-
sessed on the last day of the intranasal challenge by blinded ob-
servers, have been used as fundamental parameters for the ob-
jective measurement of symptom severity. However, the meth-
ods and time intervals used when measuring sneezing and rub-
bing counts have varied among researchers. Furthermore, it has
not yet been clarified how well sneezing and rubbing counts re-
flect inflammatory manifestations in the AR mouse model. We
sought to investigate whether sneezing and rubbing counts were
correlated with other allergic parameters in the AR mouse mod-
el and to identify a more precise method of obtaining sneezing
and rubbing counts as indicators of type 2 inflammation.
Female BALB/c mice were used to establish the AR mouse
model, as previously described [4]. The AR model was estab-
lished with OVA and alum sensitization, and the negative con-
trol group was challenged with phosphate-buffered saline. The
negative control and positive control groups were recruited for
analysis from different experiments. The Institutional Animal
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Care and Use Committee at the Clinical Research Institute of
Dankook University Hospital approved all experiments. Before
sacrifice, sneezing and rubbing counts were measured on day 28
during 0-20 minutes after the last OVA challenge at 5-minute
intervals by two blinded observers (JHK and EHK). The scores
were measured every 5 minutes, and the sum of the scores was
analyzed. We sacrificed the mice 24 hours after the last OVA
challenge and we harvested the nasal mucosa tissues from one
side of the head using small curettes and micro-forceps under
microscopic visualization. The other side of the head was fixed
in 4% paraformaldehyde for a histologic evaluation of eosino-
philic infiltration. We measured serum total immunoglobulin E
(IgE), OVA-specific IgE, IgG1, and IgG2a and systemic cytokine
levels of interleukin (IL)-4, IL-5, IL-6, IL-17A, and interferon
gamma (IFN-y) using splenic single-cell suspensions, as de-
scribed in more detail in our previous article [5]. The levels of
mRNA expression in the nasal mucosa were evaluated using re-
al-time reverse transcription-polymerase chain reaction (RT-
PCR).

In total, 142 mice were analyzed. The average sneezing and
rubbing counts in the negative control (n=73) and positive con-
trol (n=69) groups were 27.8+£16.8 and 116.9+67.2, respective-
ly (P<0.001) (Fig. 1A). The symptom score of the first 5-minute
interval was higher than that of the following intervals, and the
5-minute interval symptom scores gradually decreased over time
in both groups (Fig. 1B). Eosinophilic infiltration in the nasal tis-
sue was higher in the positive control group than in the negative
control group (Fig. 1C). Type 2 inflammatory markers showed
positive correlations with sneezing and rubbing counts (P<0.001),
and the negative and positive control groups exhibited distinct
patterns in the levels of inflammatory mediators (Fig. 2A). All pa-
rameters, except nasal IL-6 and IFN-y mRNA levels, were signif-
icantly overexpressed in the positive control group compared
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Fig. 1. Sneezing and rubbing counts. (A) Sneezing and rubbing counts were significantly higher in the positive control group than in the nega-
tive control group. (B) Sneezing and rubbing counts at 5-minute intervals. The average count from the first 5-minute interval was higher than
that of the consecutive 5-minute intervals. (C) Eosinophil count was significantly higher in the positive control group. ***P<0.001.
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Fig. 2. Correlation analysis between sneezing and rubbing counts
and type 2 allergic parameters. (A) Type 2 immune response media-
tors were closely correlated with sneezing and rubbing counts for
0-20 minutes (P<0.001). (B) Summary of correlation coefficients ac-
cording to the time interval. The correlation coefficient of nasal IL-4
mRNA levels was the highest among the type 2 markers. IgE, immu-
noglobulin E; OVA, ovalbumin; OD, optical density; IL, interleukin.
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with the negative control group (P<0.05).

The symptom scores recorded for 0-20 minutes showed stron-
ger correlations with type 2 allergic parameters, such as serum
OVA-specific IgG2a (r=0.501, P<0.001), splenic IL-4 protein
levels (r=0.404, P<0.001), splenic IL-5 protein levels (r=0.488,
P<0.001), and eosinophilic infiltration (r=0.600, P<0.001), than
were found for the sneezing and rubbing counts for 0-10 min-
utes, 0-15 minutes, and 5-20 minutes (Fig. 2B, Supplementary
Table 1). The levels of the cytokines IL-6, IL-17A, and IFN-y—
either for enzyme-linked immunosorbent assay results from
splenic cells or for RT-PCR results of the nasal tissues—showed
no significant correlations with symptom scores. Overall, type 2
immune response mediators were closely correlated with the
symptom score, and the correlation coefficient of nasal IL-4
mRNA levels was the highest among the type 2 inflammation
markers.

In the present study, we evaluated the correlations between
sneezing and rubbing counts and inflammatory markers for the
first time, using the largest sample size of animals to date. Sneez-
ing and rubbing counts recorded for 0-20 minutes showed stron-
ger correlations than counts obtained over other time intervals
with type 2 allergic parameters, such as serum OVA-specific Ig-
G2a, the protein levels of splenic IL-4 and IL-5, and eosinophilic
infiltration in the nasal tissue. We also analyzed the optimal time
duration for symptom assessment and found that 0-20 minutes
demonstrated a closer correlation with type 2 mediators than
other time intervals. Significant correlations with allergic param-
eters were found for a duration of 5-20 minutes, but with a small-
er correlation coefficient, suggesting that an interval of 0-20 min-
utes would be more appropriate for future experiments.

In a literature review, we found that some authors excluded
the first few minutes after the last intranasal challenge from
symptom scoring, perhaps to eliminate the effect of mechanical
stimuli [6-9]. Our results demonstrated that the first 5-minute
interval had the highest symptom score, which could have been
affected by the mechanical stimuli of nasal instillation, whereas
this interval showed the lowest correlation coefficients with se-
rum total IgE, OVA-specific IgE, and nasal IL-4 mRNA levels.

Our work has some limitations. First, although we have ana-
lyzed various type 2 cytokines, additional type 2-associated me-
diators such as IL-13, periostin, or eosinophil cationic protein
may be helpful to analyze. Second, if we had measured sneez-
ing and rubbing counts for longer than 20 minutes after the last
challenge, we might have presented stronger evidence for the
association between inflammatory markers and sneezing and
rubbing counts. Despite these limitations, our data provide strong
evidence that sneezing and rubbing counts are well correlated
with type 2 allergic parameters in the mouse model of AR. Fur-
thermore, recording counts over a time interval of 0-20 minutes
may be more effective for representing allergic symptoms in
mouse models of AR.
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