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Abstract

Background: Staphylococcus aureus (S. aureus) carriage and sensitization to S. aureus enterotoxins
(SEs) has been associated with allergic diseases. From the Tromsg Study Fit Futures 2, we have
previously shown an association between S. aureus carriage and severe allergic disease and allergic
multimorbidity. However, the role of S. aureus carriage and SE-sensitization on allergic

multimorbidity and allergic sensitization is unclear.

Objective: To study associations of both nasal S. aureus carriage and SE-sensitization to allergic

disease and allergic sensitization.

Methods: A cross-sectional study of a school-based cohort in late adolescence (age 18-19 years: The
Tromsg Study Fit Futures 2). Self-reported allergic diseases were assessed using the Mechanisms of
the Development of ALLergy questionnaire (MeDALL). Participants were tested for nasal S. aureus

carriage, serum total IgE and specific IgE to SEs and food and inhalant allergens.
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Results: 868 participants were studied. Sensitization to at least one food or inhalant allergen was
found in 319/765 (41.7%), and to at least one SE in 173/656 (26.2%) of the participants. SE-
sensitization, but not S. aureus carriage, was associated with poly-sensitization to food and inhalant
allergens. SE-sensitized participants had higher median specific IgE to inhalant allergens (41.4 kU,/L,
IQR 10.1-118.4) compared to non-SE-sensitized participants (18.0 kU,/L, IQR 5.5-48.6, p=0.004), but

not to food allergens. SE-sensitization was associated to allergic multimorbidity.

Conclusion: Sensitization to SEs may play a role in the development of allergen poly-sensitization

and allergic multimorbidity.

Key words: Allergic Disease; Allergic Multimorbidity; Poly-sensitization; Staphylococcus aureus;

Staphylococcus aureus Enterotoxins.

Introduction

Staphylococcus aureus carriage on eczematous skin is directly correlated to eczema severity (1), but
there are conflicting results regarding the associations between S. aureus carriage and allergic

rhinitis or asthma (2-5). In our first paper from the Tromsg Study Fit Futures 2 (TFF2), we found that
nasal S. aureus carriage was associated with eczema, severe eczema, severe asthma, severe allergic

rhinitis and allergic multimorbidity in adolescents (6).

Sensitization to S. aureus enterotoxins (SEs) is also associated with allergic disease. Local and/or
systemic specific IgE to SEs may play a role in the development and/or disease severity of allergic
disease (7-11). SE-sensitization is associated with asthma in adults and in the elderly, but an
association has not yet been clearly demonstrated among children and adolescents (7, 8, 12, 13).

Some studies indicate an association between SE-sensitization and polyclonal allergen sensitization,
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reflected by higher total IgE levels among SE-sensitized individuals (7, 8). However, the patterns and

the magnitude of allergen poly-sensitization related to SE-sensitization have not been studied.

Recently it was hypothesized that allergic multimorbidity and IgE poly-sensitization are associated
and related to the persistence or re-occurrence of fetal type 2 signaling (14). It has been suggested
that reoccurrence of type 2 signaling may be due to epigenetic changes induced by viral infections or

S. aureus infection/carriage and subsequent SE-sensitization.

The aim of this study was to study associations between both nasal S. aureus carriage and SE-
sensitization to allergic disease and allergic sensitization in the cross-sectional Tromsg Study Fit

Futures 2 (TFF2).

Material and Methods.

Setting
The TFF cohort in Northern Norway included students from all eight high-schools in the
municipalities of Tromsg and Balsfjord (6). In this region, more than 90% of the population in the age

group 16-19 years attend high-school.

Participants

The TFF cohort was initiated in 2010-11. Eligibility criteria and the sources and methods of
study recruitment is previously published (6). Briefly, all first-year high-school students in
both academic and vocational educational programs were invited to participate (TFF1) and
92.8 % attended (15). The current study is part of the second-wave of the study (2012-13),
where all third-year high school students, including all participants from TFF1, were invited
for follow up (TFF2). Among 1208 invited students, 868 (71.9%) participated in TFF2. Each

participant completed a web-based general health and lifestyle questionnaire
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(http://www.questback.com) and underwent clinical examination during a one-day session at
the Clinical Research Unit, University Hospital of North Norway, Tromsg, between

November 2012 and June 2013.

Definition of allergy-related disease outcomes

The Mechanisms of the Development of ALLergy (MeDALL) core questionnaire for adolescents was
incorporated in the web-based questionnaire (16). The MeDALL questionnaire was translated from
Swedish to Norwegian and back translated in good agreement with the original Swedish and English
versions. The classification of allergic diseases was based on standardized self-reported questions
(MeDALL) used by European population-based birth cohort studies on asthma and allergy, and
validated in the International Study of Asthma and Allergies in Childhood (16). Outcome definitions
of allergic diseases have previously been published (6), (Table S1, Online Repository), and are based

on reported symptoms from the MeDALL questionnaire.

Specific IgE in serum

Serum specific IgE and total IgE were measured consecutively in fresh serum samples with the
Phadia Immunocap® allergen-specific IgE test panel system (Phadia-Thermofisher, Uppsala,
Sweden). We analyzed two screening panels of inhalant allergens (birch, timothy, mugwort pollen,
Alternaria alternata, and Cladosporium herbarum; and cat, horse, dog, house dust mite, and rabbit),
one screening panel for food allergens (egg white, cow's milk, cod, wheat, peanut, and soy) and total
IgE. In addition, specific IgE to SE-A, SE-B, SE-C and TSST (Toxic Shock Syndrome Toxin) were analyzed
in spring 2016 in serum samples stored at - 70°C. Specific IgE values < 0.35 kU,/L for a screening
panel were interpreted as negative for all included allergens. If screening panels had IgE > 0.35
kU4/L, then specific IgE was measured to all allergens included in the screening panel. In line with
previous publications, a lower cut-off level for SE-sensitization, specific IgE > 0.1 kU,/L, was chosen
(7,8,12,17). All serum analyses were performed at the Department of Laboratory Medicine,
University Hospital of North Norway. To assess number of allergen sensitizations we divided

participants, separately for inhalant and food allergens, in non-sensitized, mono-sensitized (one
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allergen) and poly-sensitized groups (>1 allergen)(18). To assess levels of specific IgE values, all
values from either food or inhalant allergens were added and reported as median sum of inhalant or

food allergen values with 95 % confidence intervals.

Nasal S. aureus carriage

Using a NaCl-moistened sterile rayon-tipped swab, we swabbed both anterior nares (taking care to
avoid skin contact) in 819 of the participants. S. aureus was identified using methods previously
described (19) with a few modifications; all swabs were submerged in Bacto® Staphylococcus
medium broth (Difco laboratories, Sparks, MD, USA) for enrichment and incubated for 18-24 hours
at 37 °C before plating. The liquid culture was then plated on blood agar (Oxoid, Cambridge, UK) and
S. aureus ID agar (SAID, bioMérieux, Marcy I'Etoile, France), incubated for 18-24 hours at 37 °C. One
colony representative for the most dominating morphology was selected and confirmed as S. aureus
by the Staphaurex Plus (Remel, Lenexa, KS, USA) agglutination test. Only observations of bacterial
growth on blood agar (Oxoid, Cambridge, UK) and/or SAID agar (BioMérieux, Marcy |'Etoile, France)
plates were included. We defined a positive S. aureus culture result as S. aureus carriage. We did not

perform quantitative analysis of bacterial load.

Statistical methods

We performed statistical analyses with IBM SPSS® statistics, version 23. The characteristics of the
study participants and the prevalence of symptoms of allergic diseases were described with
summary statistics. Pearson's chi-square test were used in comparisons of categorical variables and
Student’s t-test (normally distributed data) and Mann-Whitney U test (non-normally distributed
data) were used for comparisons of continuous variables. Multivariate logistic regression models
were used to analyze associations between S. aureus carriage or SE-sensitization with allergic
disease. Separate analyses were performed with each allergic entity as dependent variable and with
S. aureus carriage or SE-sensitization as independent variables, adjusting for gender, body mass

index (BMI), smoking, use of snuff tobacco and physical activity. Comparison between S. aureus
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carriage or SE-sensitization with food and inhalant allergen sensitization were performed with
multinomial logistic regression models, comparing poly-sensitized or mono-sensitized groups with
the non-sensitized group as reference category. A two-way between-groups analysis of variance was
conducted to explore effect modification of SE-sensitization on S. aureus carriage. Statistical

significance was assumed at a 5% level.

Ethics
The study was approved by The Regional Committee for Medical and Health Research Ethics - North,

Norway. Each participant in TFF2 signed informed consent.

Results

General characteristics of study participants

Among the 868 participants, 844 (97.2 %) answered the questionnaire and 825 (95.1%) underwent
clinical examinations. We obtained blood samples for specific IgE measurements from 765 (88.1%)
participants, of which 656 were available for analysis of specific IgE to SEs. Another 819 (94.4%)
participants had a nasal swab for analysis of S. aureus carriage (Figure s1, Online Repository).
Background characteristics of the participants are previously published (6) (Table S2, Online
Repository). Analysis of background characteristics related to SE-sensitization showed that BMI 2 25
kg/m? (p=0.045) and not being physical active outside school-time (p = 0.001) were associated with
SE-sensitization, whereas no difference were seen for age, gender, smoking, use of snuff tobacco
and screen-time. Among the 480 (55.3%) females and 388 males, the mean age was 18.6 years and
26% were overweight (BMI > 25 kg/m?). Male participants were more often overweight, and used
more snuff tobacco compared to female participants. Nasal S. aureus carriage was found in 420/819
(51.3%) of the participants, with no gender difference, and was twice as prevalent as sensitization to
at least one SE 173/656 (26.4%). Of 173 SE-sensitized participants, 102 (59.0%) were sensitized to

one SE, 36 (20.8%) to two SEs, 19 (11.0%) to three SEs and 16 (9.2%) to all four SEs. There was no
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significant association between S. aureus carriage and SE-sensitization (p=0.062), and only 56 % of

SE-sensitized participants were current nasal S. aureus carriers.

Specific IgE reactivity and relation to reported allergic symptoms and allergic disease

Figure 1 shows the prevalence of sensitization to food and inhalant allergens compared with
prevalence of self-reported allergic symptoms to these allergens. We found specific IgE reactivity to
at least one food or inhalant allergen in 319/765 (41.7 %) participants, more frequently in men (47.7
%) than in women (36.7 %, p=0.003). Specific IgE reactivity to at least one allergen was found in
54/85 (63.5%) participants with asthma, 48/79 (60.8%) participants with eczema, 149/189 (78.8%)

participants with allergic rhinitis and 66/75 (88%) participants with allergic multimorbidity.

Nasal S. aureus carriage and association to allergic sensitization

S. aureus carriage was more frequent in participants poly-sensitized to inhalant allergens (OR 1.65,
95% Cl; 1.19-2.31) compared to non-sensitized participants (table 1), but the difference was no
longer statistically significant when SE-sensitized participants were excluded from the analysis. There
was no difference between S. aureus carriers and non-carriers in sensitization to food allergens

(table 2).

SE-sensitization and association to allergic sensitization

The number and proportion of participants sensitized to SE and the corresponding groups of
participants that were non-, mono- and poly-sensitized to food and inhalant allergens are shown in
tables 3-4. Sensitization to all four SEs was more frequent in those who were poly-sensitized to food
and inhalant allergens, compared to non-sensitized participants. The largest difference was seen in
participants sensitized to all four SEs with OR 50.5 (6.6-389.3) comparing poly-sensitization to

inhalant allergens with non-sensitization (not shown in the tables)
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Among participants with inhalant allergen sensitization, participants sensitized to at least one SE had
significantly higher median sum of specific IgE values to inhalant allergens (41.4 kU,/L, IQR 10.1-
118.4) compared to non SE-sensitized participants (18.0 kU,/L, IQR 5.5-48.6, p=0.004). In contrast,
no significant difference was seen in median sum of IgE values to inhalant allergens between S.
aureus carriers (22.1 kU,/L, IQR 5.7-53.3) and non-carriers (16.4 kU/L, IQR 5.1-48.3, p=0.104). When
SE-sensitized participants were excluded from the analysis the median sum of IgE values to inhalant
allergies were similar between S. aqureus carriers and non-carriers (14.8 kUa/L vs 14.3 kU,/L,
p=0.893). Moreover, there were no differences in median sum of IgE values to food allergens
between SE-sensitized and non SE-sensitized participants (2.33 kU/L vs 1.30 kU,/L, p=0.166), or

between S. aureus carriers and non-carriers (1.5 kU,/L vs 1.7 kU,/L, p=0.529).

Overall, SE-sensitized participants had higher median total IgE levels (113.0 kUa/L, IQR 42.0-116.3)
compared to non-sensitized participants (24.1 kU,/L, 1QR 9.2-60.0, p<0.001), whereas no differences
were seen between S. aureus carriers (34.5 kU,/L, IQR13.0-116.3) and non-carriers (34.0 kU,/L, IQR

13.2-91.5, p=0.744).

Allergic disease and association to S. aureus carriage and SE sensitization

Associations between each allergic disease entity and S. aureus carriage or SE-sensitization were
analyzed in separate multivariate logistic regression models (Table 5). After stratification, SE-
sensitization was only associated with allergic multimorbidity. A two-way between-groups analysis
of variance was conducted to explore effect modification of SE-sensitization on the previously
published associations between S. aureus carriage and multimorbidity, severe asthma, eczema and

allergic rhinitis (6). Effect modification was found only for severe eczema, p=0.021.
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Discussion

In this large cross-sectional study of late adolescents, our aims were to study associations between
allergic diseases and allergic sensitization with S. aureus carriage and SE-sensitization. From the
same study, we have previously shown that S. aureus carriage is associated with allergic
multimorbidity, severe asthma, eczema and allergic rhinitis (6). In the present study we found that
SE-sensitization was significantly associated with allergic multimorbidity. Moreover, SE-sensitization
was significantly associated with poly-sensitization to both food and inhalant allergens, and specific
IgE values to inhalant allergens were higher in the SE-sensitized group. In contrast, S. aureus carriage
was not associated with food or inhalant poly-sensitization and no differences were found in specific
IgE levels between S. aureus carriers and non-carriers. Our results suggest that the proposed
MeDALL hypothesis on multimorbidity and poly-sensitization (14) is, at least partly, associated with
SE-sensitization (20).

Strengths and limitations

The main strengths of our study are the school-based approach recruiting late adolescents from the
general population in the two municipalities of Northern Norway, the large sample size with a high
participation rate and the combination of both self-reported and objective health measurements.
We believe our data represent good estimates of prevalence rates of allergic sensitization, allergic

disease and S. aureus carriage in this population.

The cross-sectional design is a limitation as it only permits us to discuss observed associations and
no true causality. Even after adjusting for relevant confounding factors, we cannot rule out that the
observed association between SE-sensitization and allergic poly-sensitization is due to other
unknown confounding factors. However, a dose-response effect with increasing prevalence of SE-
sensitization in participants poly-sensitized to inhalant and food allergens, and significantly higher
total sum of specific IgE levels in SE-sensitized participants strengthen our observations. We only

obtained one nasal swab and we can therefore not distinguish between intermittent and persistent
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S. aureus carriage. Persistent carriage of enterotoxin-producing S. aureus strains is more likely to be
associated with SE-sensitization due to longer exposure time. However, we cannot rule out that
intermittent carriers are exposed to a greater diversity of S. aureus strains, and thereby have greater
probability of SE exposure compared to persistent carriers with less diverse exposure. Another
limitation is that we did not assess skin carriage in order to obtain a broader understanding of the
overall importance of nasal and/or skin carriage on allergic symptoms and specific IgE reactivity. We
did not have enough serum stored at - 70°C to analyze specific IgE to SE in all participants who
already had analyzed specific IgE values to standard food- and inhalant allergens. This may create
bias, but we found no difference between the group with (n=656) versus the group without (n=109)
specific IgE to SE regarding age, gender, total IgE, asthma, eczema and allergic rhinitis (data not
shown). Finally, allergic disease definitions are based on an established, widely used questionnaire.
However, for allergic rhinitis we should expect that all participants were sensitized to an inhalant
allergen. In our study, some participants with allergic rhinitis were not sensitized to any of the
measured inhalant allergens. Most likely, these participants are sensitized to other allergens from
pets or pollen, but we cannot rule out that some participants interpreted and reported subjective

nasal symptoms as allergy in spite of having a non-allergic condition, resembling allergy.

Interpretation

Allergen sensitization found in the present study corresponds to expected exposures for allergens.
The prevalence of sensitization to at least one food or inhalant allergen in our study is in line with
findings from the UK (21), but slightly lower than reported for 16 year old adolescents in Southern
Norway (48.6%) (22) and Sweden (51% being sensitized ever)(23). In general, it is difficult to
compare prevalence of sensitizations due to different allergen exposure in different geographical
regions. However, allergenic exposure in the Arctic region is probably quite similar to Sweden and

UK.
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Both S. aureus carriage and SE-sensitization were previously shown to be associated with allergic

disease, but to our knowledge, this has not been studied concomitantly in one single study using the
same methods. In our study, nasal S. aureus carriage was twice as frequent as, but not associated to,
SE-sensitization. This may partially be due to carriage of S. aureus strains not producing enterotoxins

and partially due to SE-sensitized participants no longer being S. aureus carriers.

S. aureus carriage was not associated with inhalant allergen poly-sensitization when SE-sensitized
participants were excluded from the analysis. This indicates that SE-sensitization is more likely to
affect poly-sensitization than S. aureus carriage per se. These interpretations should be made with
caution due to limited numbers of participants when SE-sensitized participants are excluded.
However, the finding is supported by higher inhalant allergen IgE levels in SE-sensitized compared to
non-sensitized, but no difference between S. aureus carriers and non-carriers. Our finding is also in
line with a study in adult patients with allergic rhinitis, where no association was found between S.
aureus carriage and allergen poly-sensitization measured with skin prick tests (2). In this study, they
could not differentiate between intermittent and persistent carriage, they observed the same
carriage rate as we found in a general population of adolescents, but they found no relevant Igk
dependent systemic immune reaction to SE-A and SE-B using a higher cut-off for specific IgE (0.35
kU,/L) than we did (2). In contrast, we found a strong association between SE-sensitization and food
and inhalant allergen poly-sensitization, but no difference between S. aureus carriers and non-
carriers. We also found increasing risk of poly-sensitization to inhalant allergens with increasing
number of SE-sensitizations, but these data should be interpreted with caution due to low numbers
of participants sensitized to three or four SE. In addition, SE-sensitization, but not S. aureus carriage,

was strongly associated to the level of total IgE.

SE-sensitization is strongly associated with eczema and skin colonization (24-26). However, any
causality needs to be confirmed in a longitudinal study. In contrast to other studies, we found no

association between SE-sensitization and asthma or allergic rhinitis. In the German MAS study, there
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was a moderate relation between SE-sensitization and asthma at age 20 years, and in a GA’LEN
study in adults, SE-sensitization was associated with asthma in the general population (7, 8).
Stronger associations between allergic diseases and SE-sensitization have been shown for adult (17)
and elderly (12) patients with asthma and severe asthma, indicating that the influence of SE-
sensitization may increase with age. However, in the US population, nasal S. aureus carriage was
associated with increased risk of asthma prevalence, symptoms and exacerbations in children and
young adults (age 6 to 30 years), but not among adults aged 31 to 85 years (5). The observed
association suggests that SE-sensitization may play a role in inducing allergic multimorbidity in

addition to allergic poly-sensitization.

We have previously reported (in the same study) associations between S. aureus carriage and severe
asthma, eczema, severe eczema, severe allergic rhinitis and multimorbidity (6). Our data indicates
that S. aureus carriage may affect the severity of allergic diseases in adolescents, rather than
inducing polyclonal sensitization. However, these data should be interpreted with caution, due to
few participants with severe disease. Possibly, S. aureus carriage may induce inflammation through
other pathways than SE-sensitization, which may explain the associations to severe allergic diseases
and other airway diseases such as chronic rhinosinusitis. A link has been shown between S. aureus
biofilms and skewing of the T-cell response toward the Type 2 pathway that is independent of
superantigen activities (27). It is possible that S. aureus induce release of epithelial derived

cytokines, which might contribute to the inflammation.

Finally, our study supports the MeDALL hypothesis that S. aureus may induce re-occurrence of fetal
type 2 signaling, resulting in polyclonal allergen sensitization and allergic multimorbidity (14). The
association between SE-sensitization and poly-sensitization was known and attributed to the
polyclonal activation of IgE. However, the association with allergic multimorbidity (28, 29) is a new
finding, and the association between poly-sensitization and multimorbidity was not previously

identified in subjects sensitized to SE. Type 2 immunity is involved in IgE production, polyclonal
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activation, the cellular inflammation of eczema, asthma and allergic rhinitis (30) as well as in the
regulation of the epithelial barrier function in the skin (31), the airways (32) and Type 2 responses
(33). S. aureus can induce IgE class switching in nasal polyps (34). Interleukin (IL)-33 may be of great
importance in the understanding of multimorbidity and poly-sensitization (35) as it modulates the
expression of human B-defensin 2 in human primary keratinocytes and may influence the
susceptibility to bacterial superinfection in acute atopic dermatitis. Similar mechanisms involving IL-
33 release by S. aureus have recently been demonstrated in upper airway mucosa (unpublished

data).

Generalizability

Although the study was performed in the Arctic region, its results can be generalized to other allergic
environments. Sensitization patterns are comparable to northern Europe (21-23), and S. aureus

carriage and infections are common worldwide.

Conclusions

We suggest that sensitization to S. aureus enterotoxins may play a role in the development of poly-

sensitization to food and inhalant allergens and allergic multimorbidity in adolescents.
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Table 1. Association between S. aureus carriage and inhalant allergen sensitization.

S. aureus S. aureus S. aureus S. aureus
carriage
Inhalant Non-carriage  OR 95% ClI carriage Non-carriage  OR 95% ClI
n=382
Allergens n=379 n=225 n=253
Non-sensitized 228 (59.9%) 252 (66.5%) 151 (67.1%) 178 (70.4%)

Mono-sensitized 31 (8.1%) 45 (11.9%) 0.71 0.47-1.24 | 23(10.2%) 34 (13.4%) 0.80 0.45-1.41

Poly-sensitized 123 (32.2%) 82 (21.6%) 1.65 1.19-2.31 | 51(22.7%) 41(16.2%) 1.47 0.92-2.33

SE: S. aureus Enterotoxin. OR: Odds Ratio. Cl: Confidence Interval. Comparison between S. aureus carrier and
non-carrier groups of inhalant allergen sensitization is performed with multinomial logistic regression with

comparison of poly-sensitized or mono-sensitized with non-sensitized as reference category. SE-sensitized: SE
slgE > 0.1 kU/L to at least one of SE-A, SE-B, SE-C or SE-TSST. Sensitized to inhalant allergens: sIgE > 0.35 kU/L.

Poly-sensitized:>1 allergen sensitization.
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Table 2. Association between S. aureus carriage and food allergen sensitization.

Non-Sensitized 313 (81.9%) 327 (86.3%)
Mono-sensitized 45 (11.8%) 31(8.2%) 0.70 0.43-1.15
Poly-sensitized 24 (6.3%) 21 (5.5%) 2.23 0.57-8.71

OR: Odds Ratio. Cl: Confidence Interval. Comparison between S. aureus carrier and non-carrier groups of food
allergen sensitization is performed with multinomial logistic regression with comparison of poly-sensitized or
mono-sensitized with non-sensitized as reference category. SE-sensitized: SE sIgE > 0.1 kU/L to at least one of
SE-A, SE-B, SE-C or SE-TSST. Sensitized to food allergens: sIgk > 0.35 kU/L. Poly-sensitized: >1 allergen

sensitization.
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Table 3.Association between S. aureus Enterotoxins (SEs) and inhalant allergen sensitization.

Non Mono Poly OR OR
n=67 n=177
n=410 (%) Mono 95 % Cl Poly 95% ClI
(%)

(%)
Non-SE- 332(81.0) 57(85.1) 92(52.0)
sensitized
SE-A, n=48 12 (2.9) 2 (3.0) 34 (19.2) 1.02 0.22-2.63 7.89  3.97-15.65
SE-B, n=58 20 (4.9) 2(3.0) 36 (20.3) | 0.60 0.14-2.63 5.00 2.79-8.90
SE-C, n=77 32(7.8) 4 (6.0) 41(23.2) | 0.75 0.26-2.20 3.56 2.16-5.88
TSST, n=112 49 (12.0) 7 (10.4) 56 (31.6) | 0.86 0.37-1.99 3.41 2.21-5.27

SE: S. aureus Enterotoxin. TSST: toxic shock syndrome toxin. Non: Non-sensitized. Mono: mono-sensitized.
Poly: polysensitized: >1 allergen sensitization. OR: Odds Ratio. Cl: Confidence interval. Comparison between
each SE sensitized and non-SE-Sensitized groups of inhalant allergen sensitization is performed with
multinomial logistic regression with comparison of poly-sensitized or mono-sensitized with non-sensitized as
reference category.
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Table 4. Association between S. aureus Enterotoxins (SEs) and food allergen sensitization.

Non-SE-

sensitized

SE-A, n=48

SE-B, n=58

SE-C, n=77

TSST, n=112

Non
n=552
(%)

431(78.1)

24 (4.3)

33 (6.0)

51 (9.3)

73 (13.2)

Mono

n=65

(%)

40 (61.5)

8(12.3)

8(12.3)

8(12.3)

18 (27.7)

Poly

n=37

(%)

10 (27.0)

16 (43.2)

17 (45.9)

18 (48.6)

21 (56.8)

OR

Mono

3.10

2.21

1.38

2.51

95% Cl

1.33-7.20

0.97-5.01

0.62-3.05

1.39-4.56

OR

Poly 95% Cl
16.76  7.77-36.14
13.37  6.40-27.9

9.31 4.59-18.86

8.61  4.30-17.26

SE: S. aureus Enterotoxin. TSST: toxic shock syndrome toxin. Non: Non-sensitized. Mono: mono-sensitized.
Poly: poly-sensitized: >1 allergen sensitization. OR: Odds Ratio. Cl: Confidence interval. Comparison between
each SE sensitized and non-SE-Sensitized groups of food allergen sensitization is performed with multinomial
logistic regression with comparison of poly-sensitized or mono-sensitized with non-sensitized as reference

category.

This article is protected by copyright. All rights reserved.



Table 5. Allergic disease and association to S. aureus carriage and SE-sensitization.

S. aureus carriage* SE-Sensitization

OR 95% Cl OR 95% Cl
Asthma 1.18 0.76-1.82 1.68 0.99-2.83
Asthma, stratified 0.96 0.49-1.88 0.93 0.36-2.41
Severe Asthma 3.37 1.34-8.51 2.05 0.83-5.03
Severe Asthma, stratified 6.32 0.74-53.7 0.97 0.10-9.17
Eczema 1.79 1.11-2.89 2.27 1.33-3.87
Eczema, stratified 1.63 0.79-3.35 1.67 0.73-3.27
Severe Eczema 2.40 1.25-4.58 2.82 1.42-5.55
Severe Eczema, stratified 7.12 1.59-31.85 2.67 0.94-7.65
Allergic Rhinitis 1.25 0.90-1.72 1.45 0.98-2.14
Allergic Rhinitis, stratified 1.02 0.69-1.51 1.23 0.75-2.02
Severe Allergic Rhinitis 1.70 1.09-2.66 1.16 0.67-2.02
Severe Allergic Rhinitis, stratified 1.94 1.09-2.64 0.89 0.41-1.96
Allergic multimorbidity 1.64 1.02-2.64 2.34 1.37-4.00

SE: S. aureus Enterotoxin. OR: Odds Ratio. Cl: Confidence Interval. Analyzed in separate multivariate logistic
regression models with each allergic disease entity and multimorbidity as dependent variable and S. aureus
carriage or SE sensitization as independent variables, both models adjusted for BMI, gender, smoking, use of
snuff tobacco and physical activity. Stratified: Participant with allergic disease other than the disease tested in
the model are excluded from the analysis. *Results regarding S. aureus carriage are previously published (6),
but not with stratification and with slightly different adjustments in the multivariate models.

Figure legend Figure 1:
Sensitized: > 0.35 kU,/L. *No questions about symptoms to House Dust Mite (HDM) was included in the
questionnaire. **The questionnaire had only questions regarding symptoms to shellfish, not specified to

shrimp. Only one participant reported symptoms to shellfish.
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Figure 1. Prevalence of sensitization to specific food and inhalant allergens compared to sensitized
participants with self-reported symptoms

X 0%

N S & 9 #* > SR

d (GNP < N\ & S Q
Oof K Q (\6‘(‘) R\

B

30

25
20
15
1 ‘
0

&

Proportion (%)
o

(2}

M Sensitized MW Sensitized and Symptoms

This article is protected by copyright. All rights reserved.



