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Abstract

Background: Staphylococcus aureus has been proposed as a disease modifier of allergic rhinitis (AR) severity. Although
several studies have investigated the prevalence of nasal carriage of S. aureus in healthy controls and AR patients, data
from Thailand is scarce.

Objective: The aim of this study was to determine the prevalence of nasal carriage of S. aureus in AR patients com-
pared with healthy controls in Thailand.

Methods: This prospective study enrolled non-AR healthy controls and confirmed AR aged 18-60 years who attended
the Department of Otorhinolaryngology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand
during June 2013 and December 2013. To detect nasal carriage of S. aureus, nasal swab was used for specimen collec-
tion from the nasal vestibule. S. aureus prevalence was compared between groups. All AR patients were assessed for
disease severity and quality of life.

Results: The 200 enrolled participants were evenly divided between the AR and healthy control groups. Nasal swab
cultures were positive for S. aureus in 20 of 100 subjects in the healthy control group, and in 21 of 100 subjects in the
AR group (p = 0.86). Nasal carriage of S. aureus was significantly more prevalent in males than in females (p = 0.01).
None of the investigated factors were found to be significantly associated with AR severity among S. aureus-positive AR
subjects.

Conclusions: The 20% prevalence of S. aureus in AR patients is not different from that of healthy controls in Thailand,
and is similar to other reported rates. No significant associations with AR severity were identified.
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Introduction

The prevalence of allergic rhinitis (AR) has escalated dra-
matically in recent years.! The seriousness of the disease has
also increased, with a commensurate increase in adverse im-
pact on quality of life. Many recent studies have focused on
the relationship between Staphyloccoccus aureus (S. aureus)
and allergic diseases, such as asthma, atopic dermatitis, and
AR!?

S. aureus is considered to be normal flora. Approximately
25% of the populations are S. aureus carriers, and many fac-
tors may alter the prevalence of the carrier stage of S. aureus,

including ethnicity, age, gender, and body site.>*® Moreover, S.
aureus infection can develop into a life-threatening condition
depending on the Staphylococcal superantigens (SA) that in-
duce inflammatory immune response. In allergic disease, SA
increases the sensitivity to antigen and decreases T-cell re-
sponse to steroid, which may worsen disease severity.'

Several studies have reported on the prevalence of nasal
carriage of S. aureus in healthy controls and in AR patients.
Those studies found the prevalence of nasal carriage of S. au-
reus to be significantly higher among AR patients compared
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to healthy controls, but no information about the pathogene-
sis was reported.>*'® Very little is known about the prevalence
of this condition in healthy controls and in AR patients in
Thailand.

Accordingly, the aim of this study was to determine the
prevalence of nasal carriage of S. aureus in AR patients com-
pared with healthy controls in Thailand. The secondary ob-
jective was to identify factors significantly associated with AR
severity in patients positive for nasal carriage of S. aureus.

Material and methods
Study population

This prospective study enrolled non-AR healthy controls
and confirmed AR aged 18-60 years who attended the Divi-
sion of Rhinology & Allergy, Department of Otorhinolaryn-
gology, Faculty of Medicine Siriraj Hospital, Mahidol Univer-
sity, Bangkok, Thailand during the June 2013 and December
2013 study period. Siriraj Hospital is Thailand’s largest nation-
al tertiary referral center. The protocol for this study was ap-
proved by the Siriraj Institutional Review Board (SIRB) (COA
no. 408/2555 (EC2)), and all participants provided written in-
formed consent.

Participants were classified into either the healthy control
group or the AR group. All participants were non-smoking,
and all patients had normal anterior and posterior rhinoscopy
on physical examination. Healthy control group patients had
no history of symptoms suggestive of chronic rhinitis, such
as rhinorrhea, sneezing, nasal congestion, and/or itching. AR
group patients were confirmed by clinical history of rhinor-
rhea, sneezing, nasal congestion, and itching for at least one
hour on most days, as well as by positive skin prick test for
any specific allergen(s). Skin prick test was classified into 5
groups, including HDM (house dust, mite), pets (cat, dog),
household insects (cockroach, mosquito, housefly, ant), pol-
lens (Bermuda grass, paragrass, sugar cane, sedge, careless
weed, typha, mixed grasses), and molds (Cladosporium, Pen-
icillium, Aspergillus, mixed mold). Subjects meeting one or
more of the following criteria were excluded: being a health-
care provider; having comorbid disease(s) (e.g., chronic rhi-
nosinusitis, asthma, and/or atopic rhinitis); previous nasal/si-
nus operation; and/or, prior use of any antibiotics within four
weeks.

Study protocol

For detection of nasal carriage of S. aureus, the specimen
was collected from the nasal vestibule, including head of in-
ferior turbinate using nasal swab (rayon-tipped swab, BBL™
CultureSwab™, Becton Dickinson, Franklin Lakes, NJ, USA).
The contact time was at least 3 seconds using the technique
developed from Centers for Disease Control (CDC) guide-
line, 2000. The specimen was then sent to our laboratory for
culture within 1 hour. The laboratory system at our center
adheres to the standards of the Clinical and Laboratory Stan-
dards Institute (CLSI) 2013."!

All AR patients were assessed for disease severity using
Allergic Rhinitis and its Impact on Asthma (ARIA) guide-
line, and visual analog scale (VAS) for evaluation of nasal
symptom severity. Quality of life was assessed by two validat-
ed questionnaires, including the Thai version of the 36-Item

Short Form Health survey (SF-36), and the Rhinoconjunctivi-
tis Quality of Life questionnaires (RCQ-36). The SF-36 has 8
domains, including physical functioning, role-physical, bodi-
ly pain, general health, vitality, social functioning, role-emo-
tional, and mental health. The RCQ-36 also has 8 domains,
including rhinitis symptoms, eye symptoms, other symptoms,
physical functioning, role limitations, sleep, social function-
ing, and emotions. The relationship between nasal carriage of
S. aureus in AR and AR disease severity was analyzed.

Statistical analysis

SPSS Statistics version 18 (SPSS, Inc., Chicago, IL, USA)
was used to perform all statistical analyses. Quantitative data
are presented as mean + standard deviation, and qualitative
data are described as frequency. T-test and chi-square test
were used for quantitative and qualitative data comparison,
respectively, between AR and healthy subjects. A p-value less
than 0.05 was regarded as being statistically significant.

Results

Two hundred participants were enrolled in this study.
Subjects were equally divided into the healthy control group
or the AR group. In the healthy control group, there were 71
females and 29 males, with a mean age of 41.9 + 11.4 years.
In the AR group, there were 63 females and 37 males, with a
mean age 40.0 + 12.2 years (Table 1).

Table 1. Demographic characteristics compared between al-
lergic rhinitis patients and healthy controls

Allergic Healthy
Characteristics rhinitis controls p-value
(n =100) (n = 100)
Age (yrs) (mean + SD) 40.0 +12.2 419 +11.4 0.26
Gender 0.23
Female, n 63 71
Male, n 37 29

p-value < 0.05 indicates statistical significance
Abbreviation: SD, standard deviation

Rate of nasal carriage of S. aureus

In the healthy control group, nasal swab cultures were
positive for S. aureus in 20 of 100 control subjects. In the AR
group, nasal swab cultures were positive for S. aureus in 21 of
100 patients. All of the positive cultures were methicillin-sen-
sitive S. aureus (MSSA) in both groups. The prevalence of na-
sal carriage of S. aureus was not different between groups. (p
= 0.86), (Table 2).

Table 2. Nasal carriage of S. aureus compared between al-
lergic rhinitis patients and healthy controls

Allergic Healthy
S. aureus culture rhinitis controls p-value
(n = 100) (n=100)
Positive, n 79 80 0.86
Negative, n 21 20

A p-value < 0.05 indicates statistical significance
Abbreviation: S. aureus, Staphylococcus aureus
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Factors influencing nasal carriage of S. aureus in the AR
group

Age - Mean age among those with negative S. aureus cul-
ture and positive S. aureus culture was 41.2 + 11.7 years and
35.5 * 13.3 years, respectively. Nasal carriage was not relevant
to age in the AR group.

Gender - Among the 63 females, cultures were negative in
55 patients and positive in 8 patients. Among the 37 males,
cultures were negative in 24 patients and positive in 13 pa-
tients. The nasal carriage of S. aureus in male was statistically
significant difference from female (p = 0.01), (Table 3).

Table 3. Demographic characteristics compared between
negative and positive nasal carriage of S. aureus in the al-
lergic rhinitis group

Positive
S. aureus
(n=21)

Negative
S. aureus
(n=79)

Characteristics

p-value

Age (yrs) (mean + SD) 412 +11.7 35.5+13.3 0.06
20-29,n 26 16 10
30-39,n 20 16 4
40-49, n 27 24 3
50-60, n 27 23 4

Gender 0.01
Female, n 63 55 8
Male, n 37 24 13

A p-value < 0.05 indicates statistical significance
Abbreviations: S. aureus, Staphylococcus aureus; SD, standard deviation

Type of allergen (Table 4):

HDM - In patients with positive SPT for HDM, 72/92
patients had negative culture and 20/92 had positive cul-
ture. In patients with negative SPT for HDM, 7/8 patients
had negative culture and 1/8 had positive culture.

Pets — In patients with positive SPT for pets, 49/65 pa-
tients had negative culture and 16/65 had positive culture.
In patients with negative SPT for pets, 30/35 patients had
negative culture and 5/35 had positive culture.

Household insects — In patients with positive SPT for
household insects, 57/74 patients had negative culture and
17/74 had positive culture. In patients with negative SPT
for household insects, 22/26 patients had negative culture
and 4/26 had positive culture.

Pollens - In patients with positive SPT for pollens,
67/84 patients had negative culture and 17/84 had positive
culture. In patients with negative SPT for pollens, 12/16
had negative culture and 4/16 had positive culture.

Molds - In patients with positive SPT for molds, 13/17
patients had negative culture and 4/17 had positive cul-
ture. In patients with negative SPT for molds, 66/83 pa-
tients had negative culture and 17/83 positive culture.

There was no statistical significance between the nasal
carriage of S. aureus and the type of positive SPT allergen in
both groups.

Table 4. Skin prick test results compared between negative
and positive nasal carriage of S. aureus in the allergic rhi-
nitis group

Negative Positive
Skin prick test S. aureus S. aureus p-value
(n=79) (n=21)
HDM 1
Negative, n 8 7 1
Positive, n 92 72 20
Pets 0.22
Negative, n 35 30 5
Positive, n 65 49 16
Household insects 0.41
Negative, n 26 22 4
Positive, n 74 57 17
Pollens 0.74
Negative, n 16 12 4
Positive, n 84 67 17
Molds 0.75
Negative, n 83 66 17
Positive, n 17 13 4

A p-value < 0.05 indicates statistical significance
Abbreviation: S. aureus, Staphylococcus aureus; HDM, house dust, mite

Nasal carriage of S. aureus and severity of allergic rhinitis
disease
Visual analog scale (VAS) — The mean score was 4.1 + 2.6
among negative culture patients, and 4.3 + 2.4 among positive
culture patients. There was no statistical significance in the
two groups.
ARIA criteria — Patients was classified into 4 groups ac-
cording to the ARIA guideline, as follows:
Mild intermittent — Culture was positive in 10/44 pa-
tients, and negative in 34/44 patients.
Moderate to severe intermittent — Culture was positive
in 3/17 patients, and negative in 14/17 patients.
Mild persistent — Culture was positive in 5/20 patients,
and negative in 15/20 patients.
Moderate to severe persistent — Culture was positive in
3/19 patients, and negative in 16/19 patients.

There was no statistical significance between the nasal car-
riage of S. aureus and the severity of allergic rhinitis evaluated
by ARIA Criteria.

The 36-Item Short Form Health Survey (SF-36) Thai-ver-
sion — There was no statistically significant difference between
the severity of AR and nasal carriage of S. aureus. (p-value
range: 0.08-0.95), (Table 5).
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Table 5. Mean + standard deviation SF-36 scores compared
between negative and positive nasal carriage of S. aureus in
the allergic rhinitis group

Negative Positive
SF-36 domains S. Aureus S. aureus p-value
(n=79) (n=21)
Physical functioning 77.5+17.4 79.3 £22.9 0.70
Role-physical 69.6 + 40.4 69.0 £ 35.3 0.95
Bodily pain 64.8 +18.9 71.7 £ 23.6 0.16
General health 454 +17.9 49.6 £ 18.9 0.35
Vitality 58.2+15.8 58.6 £ 14.3 0.92
Social functioning 72.6 +20.4 79.2+17.8 0.18
Role-emotional 68.4+42.7 82.5+29.1 0.08
Mental health 65.3 +£16.9 67.4+13.4 0.59

A p-value < 0.05 indicates statistical significance
Abbreviations: SF-36, 36-Item Short Form Survey; S. aureus, Staphylococcus
aureus

Rhinoconjunctivitis Quality of Life questionnaires (RCQ-
36) Thai-version — There was no statistical significance be-
tween the severity of AR and nasal carriage of S. aureus.
(p-value range: 0.23-0.92), (Table 6).

Table 6. Mean + standard deviation RCQ-36 scores com-
pared between negative and positive nasal carriage of S. au-
reus in the allergic rhinitis group

Negative Positive

RCQ-36 domains S. aureus S. aureus

(n=79) (n=21)
Rhinitis symptoms 64.6 +22.5 64.0 £22.3 0.92
Eye symptoms 71.1+22.3 75.3+20.9 0.44
Other symptoms 70.7 +18.3 76.2 +18.1 0.23
Physical functioning 789 +22.4 77.4+20.4 0.78
Role limitations 82.8+22.6 84.5+16.7 0.75
Sleep 73.5+252 78.6 £21.7 0.40
Social functioning 78.9 +24.3 84.5+18.3 0.33
Emotions 66.8 = 25.5 70.7 £ 20.8 0.52

A p-value <0.05 indicates statistical significance
Abbreviations: RCQ-36, Rhinoconjunctivitis. Quality of Life questionnaire; S.
aureus, Staphylococcus aureus

All of the 4 severity assessment tools suggested that there
was no statistical significance between the severity of allergic
rhinitis and the nasal carriage of S. aureus.

Healthy controls group

Age — Mean age was 41.9 + 11.6 years among those with
negative S. aureus culture, and 42.1 + 10.9 years among those
with positive S. aureus culture.

Gender — Among the 71 female controls, cultures were
negative in 56 women, and positive in 15 women. Among the
29 male controls, cultures were negative in 24 men, and posi-
tive in 5 men.

Thus, nasal carriage was not relevant to age and sex in the
healthy control group.

Discussion

Many recent studies have focused on the relationship be-
tween S. aureus and allergic diseases, such as asthma, atop-
ic dermatitis, and AR.'” Many factors are likely to alter the
prevalence of the carrier stage of S. aureus, including ethnic-
ity, age, gender, and body site.**'>"® Even though S. aureus is
regarded as being normal flora, infection by S. aureus can be
develop into a life-threatening condition. Infection capability
and severity depends on the Staphylococcal superantigens that
induce inflammatory immune response. In allergic disease,
SA increases the sensitivity to antigen and decreases T-cell re-
sponse to steroid, which may worsen disease severity."* Sev-
eral factors have been described as causing an increase in the
nasal carriage rate among AR patients. First, inflamed nasal
mucosa in AR patients may provide better nutrients.' Second,
nasal symptoms, such as rhinorrhea and sneezing, could in-
crease finger to nose contact.

The worldwide nasal carriage rate of S. aureus is approx-
imately 20-30%. Among Asian countries, the carriage rate is
23% in China, 35.7% in Japan, 9.1% in Pakistan, 23.4% in Ma-
laysia, 24.1% in Taiwan, and 29.4% in India.>"* The two stud-
ies conducted in Thailand, both of which had study popula-
tions consisting of university students, found prevalence rates
of 15.0% and 27.7%, respectively.">!¢ The carriage rate in our
study was approximately 20% among healthy controls, which
is similar to the rate worldwide and in Asia.

The nasal carriage rate of S. aureus among AR patients in
this study was not significantly higher than the rate among
healthy controls (21% vs, 20%, respectively), which was in-
consistent with previous studies.**!® Riechelmann, et al.* and
Shiomori, et al.’ reported the prevalence of nasal carriage of S.
aureus in AR patients to be higher than in the control group.
Moreover and in contrast to our study, the nasal symptom
score in those studies was significantly higher in positive cul-
ture patients than in negative culture patients.

The difference in the prevalence of nasal carriage of S. au-
reus between the present study and other studies can be ex-
plained by the nasal carriage pattern. It may be persistent or
intermittent carriage. Still, there is no consensus regarding
how many cultures should be taken to define persistent car-
riage. Specimen collection could also be another factor. The
study of Riechelmann used the nasal lavages to assess the
number of SA.? They discussed about the semi quantitative as-
sessment of nasal SA colonization. But the pathophysiology of
SA for allergic disease is the ‘intracellular’ SA, which acts as
the superantigen.® This is the possibility of explanation of con-
tradiction. Another hypothesis is the possibility of difference
strain of SA of production of SA super antigen between Asia
and European. Timing and techniques (nasal lavage versus
nasal swab culture) might affect the yield of positive cultures.
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S. aureus detection by polymerase chain reaction (PCR) would
increase the sensitivity for detection of S. aureus; however, we
used culture, which is the standard technique," in our study.

Data relating to saline solution (NSS) irrigation for treat-
ment of AR, and type and intermittent use of previous med-
ications were not collected in this study. NSS irrigation could
decrease viral load before specimen collection. Antibiotics,
such as rifampicin, doxycyclin, and topical mupirocin oint-
ment, could eliminate the nasal carriage stage of S. aureus.”
These factors and others could have confounding effects on
our results. In contrast, intranasal corticosteroid was report-
ed to have no effect on the prevalence of nasal carriage of S.
aureus.'*'

Our findings revealed males to be more likely to have na-
sal carriage of S. aureus than females. A study from Iran also
found male predominance.” The other study did not show
any sex influence on the SA carriage status.?® The significance
of this clinical characteristic needs to be further elucidated.
Moreover, we found no significant association between other
factors that might influence disease severity among patients
positive for nasal carriage of S. aureus. The severity of AR
was not significantly different between those that did and that
didn’t carry S. aureus. Importantly, we did not classify AR pa-
tients into seasonal and perennial allergic rhinitis. Instead, we
classified patients according to the ARIA guideline, since it is
more suitable for use in Thailand.

The novel method of determining status of S. aureus or
microbiome status can be the trend of future studies. Staphy-
loccoccal superantigens likely play an important role in the
pathogenesis of AR. Moreover, they are relevant to the nasal
carriage stage. Techniques of determining the diversity in-
dex of nasal microbiome are currently ongoing to define the
pathophysiology of persistent nasal inflammation.

Conclusion

The prevalence of S. aureus in allergic rhinitis patients was
not different from healthy controls in Thailand. The nasal car-
riage rate in healthy controls was about 20%, similar to the
worldwide studies. No significant associations were found be-
tween evaluated factors and AR severity in AR patients with
nasal carriage of S. aureus.
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