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Abstract
Microbial migration between the ear, throat, and nasal cavities can aggravate certain 
otorhinolaryngological conditions. For instance, Staphylococcus aureus colonization in the middle 
ear increases otitis media occurrence, while nasal colonization can exacerbate allergic rhinitis (AR) 
symptoms. S. aureus produces superantigens (SAgs) that include T-cell SAgs (e.g. staphylococcal 
enterotoxins SEA, SEB, SEC, and SED), which cross-link class II major histocompatibility complex (MHC) 
molecules on antigen-presenting cells with T-cell receptors, causing widespread T-cell activation 
and cytokine release. It also produces B-cell superantigens, such as Protein A (SpA), which bind to 
immunoglobulins and activate B-cells, contributing to allergic airway diseases. The detection of these 
SAg genes and methicillin-resistant Staphylococcus aureus (MRSA) marker genes (mecA and femB) 
in both allergic and healthy individuals may enable the assessment of microbial transmission risk 
between the ear and nose. In this study, we quantified five SAg genes (SEA, SEB, SEC, SED, and SpA) 
and the MRSA markers mecA and femB using quantitative PCR (qPCR) in swab samples from 11 healthy 
individuals and one AR patient. The results demonstrated that these genes were not always co-present 
or correlated between an individual’s ear and nose samples. In several cases, MRSA marker genes were 
detected by qPCR despite the absence of S. aureus growth on selective culture, indicating potential 
detection of other carriers of these genes. These findings underscore the importance of quantifying 
SAg and MRSA gene levels in the ear and nose to establish baseline colonization and to assess potential 
risk factors for related otorhinolaryngological conditions.
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INTRODUCTION

	 Staphylococcus aureus is a common 
component of the microflora of human and animal 
skin and mucous membranes.1 Approximately 25% 
of healthy people carry S. aureus in their anterior 
nasal cavity or on other mucous membranes or 
damaged skin.2,3 Local and invasive infections can 
occur when S. aureus breaches these barriers 
and invades soft tissue, leading to conditions 
such as sepsis (with a mortality rate of 20%-40%), 
pneumonia, or bacteremia.1 S. aureus produces 
a variety of virulence factors, including adhesion 
proteins, immunomodulators, anti-phagocytic 
factors, and superantigens (SAgs).1,4 These factors 
can induce toxin-mediated diseases such as food 
poisoning, staphylococcal scalded skin syndrome, 
and toxic shock syndrome (TSS).5 Although 
traditionally considered an extracellular pathogen, 
S. aureus is also capable of surviving intracellularly 
by invading non-immune cells, thereby causing 
persistent infections and pathogenic effects.6

	 Superantigens are unconventional 
antigens that hyperactivate lymphocytes.6 T-cell 
SAgs bind simultaneously to the MHC class II 
molecules on antigen-presenting cells and to the 
variable b-chain region of T-cell receptors (TCR Vβ), 

triggering an abnormal, widespread activation of 
T cells and excessive release of pro-inflammatory 
cytokines.1,4,6 In severe cases, this uncontrolled 
immune activation can lead to a cytokine storm 
and TSS.5 By contrast, B-cell (antibody) SAgs, 
such as S. aureus Protein A (SpA), bind to the Fab 
or Fc regions of immunoglobulins and the B-cell 
receptor outside the conventional antigen-binding 
site, activating B lymphocytes in a non-specific 
manner.6

	 Staphylococcal superantigens fall into two 
main groups. The major group comprises more 
than 20 staphylococcal enterotoxins (SEs) and 
enterotoxin-like proteins (SEls). SEs are a family 
of Secreted, heat-stable proteins with common 
structural properties; the primary isoforms 
include staphylococcal enterotoxins A, B, C, and 
D (SEA, SEB, SEC, and SED).7 The genes encoding 
these SEs are carried on various mobile genetic 
elements such as bacteriophages, plasmids, and 
pathogenicity islands (SaPIs).8 The minor group of 
staphylococcal SAgs includes toxic shock syndrome 
toxin-1 (TSST-1).3

	 S. aureus SAgs are frequently implicated 
in chronic inflammatory airway diseases. In 
patients with perennial allergic rhinitis (AR), 
S. aureus colonization of the nasal mucosa is 
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common and can exacerbate the AR, which is 
an inflammatory disease of the nasal mucosa 
associated with otitis media, chronic sinusitis, and 
nasal polyposis.9 Another S. aureus superantigen, 
Protein A (SpA), is widely used in biotechnology 
to purify antibodies10 but has also been found 
to contribute to allergic respiratory diseases.11-13 
SpA is one of the most abundantly expressed S. 
aureus virulence factors during invasive infection 
and is associated with marked suppression of the 
immune response to staphylococcal antigens. 
Specifically, it can suppress opsonophagocytosis14 
and inhibit complement activation.15

	 Methicillin-resistant S. aureus (MRSA) 
is defined by the presence of the mecA gene, 
which encodes a low-affinity penicillin-binding 
protein (PBP2') that confers resistance to b-lactam 
antibiotics.16 The mecA gene has been detected 
not only in S. aureus but also in some coagulase-
negative staphylococci (CNS).17 Another genetic 
marker important for identifying S. aureus is 
the femB auxiliary gene, located outside the 
mec operon, which encodes a ~50 kDa protein 
involved in cell wall peptidoglycan synthesis 
and contributing to methicillin resistance.18,19 
Although femB is generally a reliable marker for 
S. aureus identification, some isolates may fail to 
amplify femB due to genetic variability or primer 
mismatch.18 Simultaneous detection of femB 
and mecA, rather than mecA alone, is therefore 
recommended for confident identification of 
MRSA, since mecA can occasionally be present in 
other staphylococcal species (CNS) that are not S. 
aureus.20

	 Given the critical roles of S. aureus SAgs 
(SEA, SEB, SEC, SED, and the B-cell SAg SpA) in the 
pathogenesis of ear, nose, and throat diseases 
and in antibody interactions,21-26 it is important 
to characterise the presence of their genes in the 
mucosal surfaces of the ear and nasal cavities 
alongside the presence of MRSA genes. Such 
characterisation can help us understand how 
these factors correlate with each other and aid 
in establishing potential risk factors in disease 
progression.

MATERIALS AND METHODS

Sample collection and processing
	 This pilot study was approved by the 

Wenzhou-Kean University Ethics Committee 
(approval number: WKUIRB2023-039R) with 
minimal risks since the participants are all healthy 
individuals. All procedures were performed in 
accordance with relevant regulations and the 
Declaration of Helsinki. Informed consent was 
obtained from all participants. Twelve adult 
participants (aged 18 years or older) were 
recruited. One participant had a confirmed clinical 
diagnosis of allergic rhinitis (AR) and is referred to 
as Patient 1 in this report; the other 11 participants 
were healthy controls. None had known conditions 
that would interfere with normal microflora. 
Bilateral nasal and ear swabs were collected from 
each subject using sterile swabs, yielding a total 
of 24 samples (12 nasal swabs and 12 ear swabs). 
The swabs were immediately placed in autoclaved 
tubes containing 10% saline for transport. Within 
24 hours, each swab sample was plated onto Baird-
Parker (BP) agar (Qingdao Hope Bio, Qingdao, 
China) supplemented with Potassium Tellurite Egg-
Yolk reagent (Qingdao Hope Bio) and incubated 
at 37  °C for 24 hours. This selective medium was 
used to screen for the presence of S. aureus, which 
typically produces black colonies with clear zones 
on BP agar.

Bacterial strains and bacterial growth
	 Two reference S. aureus strains from the 
BeNa Culture Collection (BNCC, Beijing, China) 
were used as positive controls for PCR analyses: S. 
aureus subsp. aureus Rosenbach (BNCC 139843), 
which is positive for SpA, SEA, SEB, SEC, SED, mecA, 
and femB; and S. aureus (BNCC 358401), which is 
positive for SpA, SEA, SEB, mecA, and femB. These 
strains were revived and cultured according to the 
supplier’s instructions before use.

Design of superantigen gene primers
	 Primers for the SAg and MRSA target 
genes were obtained as follows. The SpA (Protein 
A) gene primer pair was designed using the SpA 
gene sequence from GenBank (Accession X61307) 
as a template in the Primer3Plus program. Primers 
for SEA, SEB, SEC, SED, mecA, and femB were 
adopted from a published study by Klotz et al. 
on S. aureus enterotoxin genes A-D.27 All primers 
were synthesised by Sangon Biotech (Shanghai, 
China). Supplementary Material Table S1 lists the 
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sequences and properties of the primers for the 
superantigen and MRSA target genes.

Housekeeping gene selection
	 To identify a reliable housekeeping gene 
for normalising qPCR data, we evaluated five 
candidate reference genes from S. aureus: gyrA, 
gyrB, era, SecA, and dnaG. Primer sequences for 
these housekeeping genes were taken from Rocha 
et al.28 and synthesised by Sangon Biotech. PCR 
amplification of each candidate reference gene 
was performed on DNA from the two reference 
S. aureus strains (BNCC 139843 and 358401) as 
well as on samples from several study participants. 
The PCR products were analysed by agarose gel 
electrophoresis to check for single, specific bands. 
The gene gyrA consistently produced a clear single 
band in all tested samples (see Results), whereas 
the other candidate genes were not amplified as 
consistently. We therefore selected gyrA as the 
reference housekeeping gene for all subsequent 
qPCR analyses. Supplementary Material Table S2 
provides the primer sequences and properties for 
the candidate housekeeping genes tested. 

Bacterial culture and OD600 normalisation
	 For each participant’s ear and nose 
sample that yielded growth on BP agar, up to 
three presumptive S. aureus colonies (black 
colonies) from the agar plate were picked with 
sterile toothpicks and inoculated into 5 mL of 
Nutrient Broth (NB) medium. These cultures 
were grown at 37 °C with shaking at 220 rpm 
for 12-14 hours. The overnight cultures were 
then diluted and transferred (200 µL per well) 
into a 96-well microplate (in triplicate for each 
sample) to measure optical density at 600 nm 
(OD600) using a Thermo Scientific microplate 
reader. The OD600 values of the cultures were 
averaged and used to normalise the bacterial cell 
density across all samples: cultures were diluted 
with fresh NB medium to achieve a uniform 
OD600 (with a tolerance of ±0.035) prior to DNA 
extraction or PCR. This normalisation ensured that 
approximately equal amounts of bacterial cells 
from each sample were used for DNA analysis.

PCR conditions
	 DNA templates for PCR were prepared 
by boiling a loopful of each normalized culture 

and extracting the supernatant, or by using crude 
lysates from the colonies. Standard PCR reactions 
were carried out in a Thermo Scientific™ Arktik 
Thermal Cycler using 50 µL reaction volumes 
containing 1 µL of template DNA, 25 µL of 2× HiFi-
PCR Master Mix (Sangon Biotech), 2 µL of forward 
primer (10 µM), 2 µL of reverse primer (10 µM), 
and 20 µL of sterile deionised water. The thermal 
cycling profile was as follows: initial denaturation 
at 95 °C for 3 minutes, followed by 35 cycles of 
95 °C for 15 seconds, 53 °C for 15 seconds, and 
72 °C for 30 seconds, and a final extension at 72 
°C for 5 minutes. PCR products were analysed by 
electrophoresis on 1% agarose gels. RealBand 
1 kb Plus DNA ladder (0.1-10 kb range, Sangon 
Biotech) was used as a molecular size marker. Gel 
images were processed with GelApp software29,30 
to document the results.

qPCR quantification and melt curve analysis
	 Quantitative real-time PCR (qPCR) 
was performed using an Applied Biosystems™ 
QuantStudio 3 Real-Time PCR System. Each 20 µL 
qPCR contained 1 µL of template DNA, 10 µL of 2 × 
S6 Universal SYBR® qPCR Master Mix (EnzyArtisan, 
Shanghai), 0.4 µL of the forward primer (10 µM), 
0.4 µL of the reverse primer (10 µM), and 8.2 µL 
of sterile nuclease-free water. The qPCR cycling 
conditions were: initial enzyme activation step 
at 95 °C for 30 seconds; followed by 40 cycles 
of 95 °C for 3 seconds, 60 °C for 10 seconds, 
and 72 °C for 30 seconds. A melt curve analysis 
was performed immediately after amplification 
(95 °C for 15 seconds, then 60 °C for 1 minute, 
and an increase to 95 °C, holding for 1 second) 
to verify the specificity of each primer pair. All 
qPCR reactions were performed in triplicates, 
and no-template controls were included for each 
primer set to verify the absence of contamination 
or primer-dimer formation. The amplification 
specificity was confirmed by the presence of a 
single peak in each melt curve, and by comparing 
melt curve profiles between the reference strains 
and participant samples.

Gene expression calculation
	 All qPCR data were analysed using the 
QuantStudio 3 software. The threshold cycle (CT) 
values for each target gene were obtained, and 
gene expression in each sample was normalised 
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to the expression of the gyrA reference gene. 
The relative expression of each target gene was 
calculated using the comparative CT method. 
Results are reported as a percentage of gyrA 
expression, where the expression of gyrA in each 
sample is considered 100%. For example, a target 
gene expressed at the same level as gyrA yields 
a value of 100%. Values above or below 100% 
indicate higher or lower expression relative to 
gyrA, respectively. 
	 gyrA CT mean-Gene ∆CT mean / gyrA CT 
mean × 100%

RESULTS

S. aureus screening
	 Initial screening on BP agar indicated 
that S. aureus was present in many, but not all, of 
the collected samples. Specifically, black colonies 
characteristic of S. aureus grew from the ear and 
nasal swabs of most participants. However, no 
black colonies were observed on the nasal swab 
plates of Participants 3, 7, and 8, or on the ear 
swab plates of Participant 1 and Participant 8. 

Figure 1. Agarose gel electrophoresis of PCR products for candidate housekeeping genes (gyrA, gyrB, era, SECA, 
dnaG). The gel (cropped to show the 200 bp marker and above) indicates that only gyrA produced a single clear 
band in all tested samples. Lanes: A = Patient 1 (ear sample); B-G = Participants 1-6 (ear samples). A 100 bp DNA 
ladder is shown at the left
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This indicates a biochemical absence of S. aureus 
in those respective sites, as S. aureus typically 
reduces tellurite to produce black pigmentation 
on BP agar. All other sampled sites showed at 
least one putative S. aureus colony on BP agar. To 
further verify colony identity, representative black 
colonies from each positive plate were subjected 
to Gram staining. Microscopy confirmed that these 
isolates were Gram-positive cocci in clusters (the 
expected morphology for S. aureus).

Housekeeping gene and primer validation
	 As described in the Methods, five 
candidate housekeeping genes were tested to 
choose an appropriate reference gene for qPCR. 
Agarose gel electrophoresis of PCR products 
(Figure 1) showed that gyrA was amplified 
consistently from S. aureus colonies of multiple 
participants, whereas gyrB, era, SecA, and dnaG 
often yielded faint or no bands in some samples. 
Therefore, gyrA was selected as the stable 
reference gene for normalisation of qPCR data.
	 To ensure the specificity and efficiency of 
the designed primers for the target SAg and MRSA 
genes, we performed melt curve analyses on both 
the reference strains and participant samples. 
Supplementary Materials Figure S1 illustrates 
the melt curve results. In Figure S1(i), the two 
reference S. aureus strains (BNCC 139843 and 
358401) each produced a single distinct melt peak 
for all eight target amplicons (SpA, SEA, SEB, SEC, 
SED, mecA, femB, and gyrA), indicating that each 
primer set amplified a specific product without 
significant off-target amplification. Similarly, melt 
curves for the ear swab samples from Patient 1 
and Participants 1-11 (Figure S1(ii)) showed single 
peaks for all targets, confirming primer specificity 
in actual participant samples. These results 
demonstrate that the qPCR assays were specific 
and suitable for quantifying the target genes in 
our sample set.

Superantigen and MRSA gene expression
	 Using the validated qPCR assays, we 
quantified the expression (or gene presence, in the 
case of these DNA targets) of the five superantigen 
genes (SpA, SEA, SEB, SEC, SED) and the two 
MRSA marker genes (mecA, femB) in all ear and 
nose samples. The relative expression levels of 
all targets, normalised to gyrA, are presented in 

Figure 2 as percentages. Overall, we observed 
considerable variability between individuals and 
within the same individual between ear and 
nose sites. Notably, in the AR Patient 1 and in 
Participants 1, 2, and 11, all seven target genes 
were detected in both the ear and nose samples. 
In contrast, many of the other healthy participants 
had one or more target genes undetectable in 
either their ear or nose swabs. Below, we detail 
the findings for each individual:

Patient 1 (AR patient)
	 All target genes were detected in both 
the ear and nose of Patient 1. In the ear swab, the 
gene expression levels (relative to gyrA) for SpA, 
SEA, SEB, SEC, SED, mecA, and femB were 76%, 
89%, 90%, 91%, 83%, 92%, and 87%, respectively. 
In the nasal swab, the corresponding expression 
levels were 57%, 98%, 95%, 95%, 95%, 100%, 
and 63%. Notably, in Patient 1, the nose sample 
showed higher levels of all SAg genes (SEA, SEB, 
SEC, SED) and the mecA gene compared to the 
ear sample, with the exception of SpA and femB, 
which were slightly higher in the ear. In fact, mecA 
in the nose was expressed at essentially 100% of 
the gyrA level, indicating a very high abundance of 
the mecA gene in the nasal sample of this patient.

Participant 1
	 In the ear sample of Participant 1, SpA, 
SEA, SEB, SEC, SED, mecA, and femB were detected 
at 62%, 84%, 97%, 82%, 89%, 84%, and 54% of 
gyrA levels, respectively. The corresponding nasal 
sample showed values of 62%, 98%, 95%, 84%, 
109%, 97%, and 60%. With the exception of SpA 
(which was equal in both sites) and SEB (which was 
only marginally lower in the ear), all SAg genes in 
Participant 1 were present at higher levels in the 
nose than in the ear. This is noteworthy given that 
S. aureus colonies were not obtained from the 
ear BP culture for this participant, yet the qPCR 
still detected these genes in the ear swab DNA. 
Both MRSA marker genes (mecA and femB) were 
present in both the ear and nose of Participant 1.

Participant 2
	 In the ear swab of Participant 2, the 
expression levels for SpA, SEA, SEB, SEC, SED, 
mecA, and femB were 76%, 96%, 98%, 95%, 
87%, 89%, and 83%, respectively. The nasal swab 
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showed 70%, 93%, 86%, 73%, 80%, 0%, and 58%, 
respectively. Thus, all target genes except mecA 
were detected in the nose (mecA was not detected 
in Participant 2’s nasal sample). For Participant 
2, the ear sample had generally higher levels 
of SAg genes and femB compared to the nose. 
The absence of mecA in the nose alongside the 
presence of femB suggests that while S. aureus 
was present, it may not have been MRSA in that 
nasal sample.

Participant 3
	 Ear sample levels for Participant 3 were 
64% (SpA), 93% (SEA), 96% (SEB), 85% (SEC), 92% 
(SED), 103% (mecA), and 60% (femB). The nose 
sample levels were 53%, 96%, 0%, 82%, 90%, 
65%, and 59%, respectively. S. aureus did not 
grow from the nasal swab of Participant 3 (no 
black colonies on BP agar), and accordingly, the 
SEB gene was not detected in the nose sample 
(0%). Despite the culture-negative nasal sample, 
several SAg genes (SpA, SEA, SEC, SED) and both 
MRSA markers were detected in the nose by qPCR. 
Apart from SpA (which was lower in the ear), SEB 
(absent in the nose), SEC and SED (which showed 
no significant difference between sites), and femB 
(slightly higher in ear), the other genes including 
mecA were actually present at higher levels in the 
nose than in the ear.

Participant 4
	 In the ear sample of Participant 4, the 
levels were 79% (SpA), 90% (SEA), 97% (SEB), 86% 
(SEC), 95% (SED), 97% (mecA), and 90% (femB). 
The nose sample had 66%, 96%, 0%, 93%, 93%, 0%, 
and 62%, respectively. The SEB and mecA genes 
were not detected in the nose of Participant 4. 
With the exception of those absent targets and 
SpA (which was higher in ear) and SED (which was 
roughly equivalent in both sites), the other SAg 
genes were present at higher levels in the ear than 
in the nose. In fact, only the SEA and SEC genes 
were noticeably higher in the nose compared to 
the ear for this participant.

Participant 5
	 Participant 5’s ear swab showed 87% 
(SpA), 91% (SEA), 91% (SEB), 89% (SEC), 88% 
(SED), 87% (mecA), and 90% (femB). The nose 
swab showed 55%, 98%, 100%, 0%, 120%, 105%, 

and 54%, respectively. In the nose of Participant 
5, SEC was not detected, whereas SEB, SED, and 
mecA were notably high (SED and mecA exceeded 
the gyrA reference level at 120% and 105%, 
respectively). Apart from SpA, SEC, and femB 
(which were lower in the nose), all other SAgs in 
Participant 5 were at higher levels in the nasal 
sample than in the ear. It is noteworthy that in the 
nasal sample, SEB, SED, and mecA reached levels 
comparable to or higher than the housekeeping 
gene (gyrA), indicating a very strong presence of 
these genes.

Participant 6
	 The ear sample for Participant 6 had 76% 
(SpA), 91% (SEA), 89% (SEB), 90% (SEC), 74% (SED), 
89% (mecA), and 81% (femB). In the nose sample, 
the values were 0%, 100%, 0%, 100%, 0%, 0%, and 
60%, respectively. In other words, in Participant 
6’s nasal swab, SpA, SEB, SED, and mecA were not 
detected at all, whereas SEA and SEC were present 
(each at 100% of gyrA) and femB was detected 
at a moderate level. For this participant, the ear 
harboured a more complete set of SAg and MRSA 
genes, while the nose had a subset (SEA, SEC, 
femB), possibly reflecting that the nasal S. aureus 
population lacked certain SAg genes or that S. 
aureus was not as prevalent in the nose.

Participant 7
	 In the ear swab from Participant 7, gene 
levels were 69% (SpA), 95% (SEA), 94% (SEB), 81% 
(SEC), 88% (SED), 82% (mecA), and 64% (femB). 
The nose swab had 60%, 95%, 0%, 77%, 92%, 
90%, and 57%, respectively. The SEB gene was not 
detected in the nose of Participant 7. Other than 
SED and mecA (which were slightly higher in the 
nose than in the ear), all remaining detected genes 
in Participant 7 were at similar or lower levels in 
the nose compared to the ear. It is interesting to 
note that no S. aureus colonies grew from the nasal 
sample of this participant on BP agar, yet the qPCR 
detected most of the SAg genes and the mecA gene 
in the nasal DNA, again highlighting a discrepancy 
between culture and PCR detection.

Participant 8
	 Participant 8’s ear sample showed 58% 
(SpA), 90% (SEA), 93% (SEB), 80% (SEC), 91% 
(SED), 96% (mecA), and 57% (femB). The nose 
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sample showed 52%, 97%, 116%, 0%, 0%, 95%, 
and 55%, respectively. In the nose of Participant 
8, SEC and SED were not detected at all, while 
SEB was detected at a relatively high level (116%). 

Spa was slightly lower in the nose than in the ear. 
Participant 8 is unique in that neither the ear nor 
the nose sample yielded S. aureus colonies on 
BP agar (both were culture-negative), yet qPCR 

Figure 2. Relative expression (presence) of superantigen genes (SpA, SEA, SEB, SEC, SED) and MRSA marker genes 
(mecA, femB) in the ear and nose samples of the AR patient (Patient 1) and 11 healthy participants. Values are 
expressed as percentages relative to the gyrA reference gene (100%). Each cluster of bars represents an individual, 
with blue bars for ear swab and orange bars for nasal swab
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revealed the presence of mecA and femB in both 
sites (and several SAg genes as well). This suggests 
that non-culturable or low-abundance S. aureus 
(or possibly other bacteria carrying these genes) 
were present in those samples.

Participant 9
	 The ear swab from Participant 9 had 
76% (SpA), 90% (SEA), 81% (SEB), 82% (SEC), 86% 
(SED), 0% (mecA), and 90% (femB). The nasal swab 
had 61%, 97%, 95%, 84%, 92%, 56%, and 56%, 
respectively. In the ear of Participant 9, mecA was 
not detected (0%), whereas in the nose, mecA 
was present (at 56%). Comparing sites, the nasal 
sample showed higher levels of SEA, SEB, SED, 
and mecA than the ear sample (SEC was roughly 
similar, and SpA and femB were higher in the 
ear). Thus, although mecA was absent in the ear 
culture of Participant 9, it was detectable in the 
nose, indicating a nasal MRSA carriage that was 
not mirrored in the ear.

Participant 10
	 In Participant 10’s ear sample, we 
measured 83% (SpA), 98% (SEA), 95% (SEB), 97% 
(SEC), 93% (SED), 96% (mecA), and 66% (femB). In 
the nose sample, however, SpA, SEB, SEC, and SED 
were all undetectable (0%), while SEA was 99%, 
mecA 81%, and femB 55%. Therefore, Participant 
10’s nasal cavity lacked four of the SAg genes (SpA, 
SEB, SEC, SED) that were present in the ear. The 
remaining genes that were present in the nose 
(SEA, mecA, femB) were at lower levels compared 
to the ear (except SEA, which was approximately 
equal). This indicates that the ear of Participant 10 
harboured a more diverse or abundant S. aureus 
population than the nose.

Participant 11
	 The ear sample of Participant 11 showed 
85% (SpA), 94% (SEA), 97% (SEB), 86% (SEC), 91% 
(SED), 95% (mecA), and 80% (femB). The nose 
sample showed 75%, 90%, 90%, 90%, 89%, 85%, 
and 74%, respectively. All five SAg genes and 
both MRSA genes were detected in both sites for 
Participant 11. The levels were fairly comparable 
between ear and nose; only SEC was modestly 
higher in the nose (90% vs 86% in ear), while 
most other genes were slightly higher in the ear. 
Participant 11 thus had a full complement of the 

tested genes in both ear and nose, similar to the 
AR patient and a few other healthy individuals 
(e.g., Participants 1, 2, 9).

DISCUSSION

	 This study aimed to characterise the 
presence and relative abundance of select S. 
aureus superantigen genes (SpA, SEA, SEB, SEC, 
SED) and MRSA-associated genes (mecA, femB) 
in the ears and noses of human subjects, and to 
investigate their co-occurrence in these connected 
sites. Using a selective culture approach (BP agar) 
to identify S. aureus colonies, we found that not 
all participants were colonised with S. aureus in 
both sites. In fact, four of the twelve individuals 
(Participants 1, 3, 7, and 8) had one or both 
sampling sites culture-negative for S. aureus, 
suggesting that S. aureus colonisation of the ear 
and nose was not ubiquitous in our study group. 
Interestingly, even in culture-negative samples 
for S. aureus, we detected SAg and MRSA genes 
via qPCR, often in quantities comparable to those 
found in culture-positive samples. This discrepancy 
suggests that either non-culturable S. aureus 
or other bacteria carrying homologous genes 
were present in those samples, underscoring the 
enhanced sensitivity of molecular detection.
	 Methodologically, we took several steps 
to ensure the rigor and reliability of our analyses. 
We first identified a stable reference gene 
(gyrA) for normalising qPCR data by screening 
multiple housekeeping genes, an important 
step for accurate quantification in bacterial 
gene expression studies. The choice of gyrA 
was validated by consistent amplification across 
participant samples (Figure 1). We also confirmed 
the specificity of each primer set by melt curve 
analysis (Figure  2), using both known positive 
control strains and actual participant samples. The 
single-peak melt curves indicated that the primers 
amplified the intended targets without significant 
off-target effects, lending confidence to the qPCR 
results. All reactions were performed in triplicate 
and included appropriate controls, further 
underscoring the methodological robustness of 
our pilot investigation.
	 Our findings show that whenever S. 
aureus was present (as confirmed by culture), at 
least one of the tested SAg genes was expressed/
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detected in that sample. This aligns with previous 
studies, which report that S. aureus isolates 
commonly carry superantigen genes.31-34 In our 
samples, the SpA gene was particularly prevalent, 
as it was detected in 100% of ear swabs (12/12) 
and in 10 out of 12 nasal swabs. The two nasal 
samples lacking SpA (Participants 6 and 10) 
correspond to an absence rate of roughly 16.7% 
of nasal isolates, which is somewhat higher than 
reported SpA-negative rates in other populations. 
For example, only 3.8% of S. aureus strains lacked 
SpA in a study of 208 isolates from northern 
Iran35 and ~5% in a study of 17 isolates from 
Lagos, Nigeria.36 Our higher observed rate of SpA 
absence (approximately 10%-17%, depending 
on calculation) is likely due to our much smaller 
sample size and possibly the inclusion of samples 
where S. aureus density was low. Nevertheless, 
among the SpA-positive samples, there was no 
clear distinction between healthy participants and 
the AR patient in terms of SpA levels: the average 
SpA expression in healthy participants’ ears was 
~74%, comparable to Patient 1’s ear (76%), and in 
the nose, it was ~50% in healthy individuals versus 
57% in Patient 1.
	 The SEA gene was ubiquitous in our study, 
detected in every sample from all individuals 
(24/24 samples). This is consistent with reports 
that SEA is the most common staphylococcal 
enterotoxin gene in various contexts.32-34 The other 
enterotoxin genes were also widespread but not 
universal in nasal samples: in our dataset, SEB, 
SEC, and SED genes were each found in all 12 ear 
samples (100% of participants) but in 7-9 of 12 
nose samples (58%-75%). The relatively lower 
frequency of these SAg genes in nose samples 
could reflect either true biological differences in 
nasal vs. auricular colonisation or simply the small 
sample size. It is noteworthy that our healthy 
participants often had SAg gene profiles similar 
to the AR patient, albeit sometimes at lower 
levels or only in one site. For instance, healthy 
Participants 1, 2, 9, and 11 each expressed all four 
tested enterotoxin genes and SpA in at least one 
site (often both), yet they were asymptomatic. This 
suggests that asymptomatic carriage of multiple 
SAg-producing S. aureus strains is possible, which 
may predispose these individuals to future allergic 
or inflammatory flare-ups if conditions permit.

	 Patient 1, who has clinically diagnosed 
AR, unsurprisingly harboured S. aureus in both 
the ear and nose. Prior studies have noted 
frequent S. aureus colonisation and SAg presence 
in AR patients.37 In Patient 1, we detected all 
four enterotoxin genes (SEA, SEB, SEC, SED) in 
both ear and nose samples. Interestingly, the 
expression levels of these SAg genes in Patient 
1’s ear and nose were relatively low (all below 
100% of gyrA) and quite similar between the two 
sites. This pattern does not fully align with some 
reports that AR patients show particularly strong 
responses to certain SAgs, such as SEA and SEB.37 
One interpretation is that our Patient 1 may have 
been in a relatively quiescent phase of AR during 
sampling, so that SAg levels, while present, were 
not exceptionally high. It could also imply that 
other immune regulatory factors modulate SAg 
expression or impact in this patient. Nonetheless, 
we observed that for Patient 1, all SAg gene 
expression levels were modestly higher in the nose 
than in the ear. This could suggest slight differences 
in S. aureus strain populations or gene regulation 
between the nasal mucosa and the external ear 
canal for this patient. It should be noted, however, 
that the external ear canal is not directly involved 
in AR symptoms, so even a higher burden of SAgs 
in the ear may not trigger the same clinical effects 
as in the nasal passages.
	 Another notable observation in Patient 
1 was the relatively low SpA gene expression 
compared to expectations. Previous studies have 
found high SpA expression in S. aureus isolates 
from patients with airway diseases,38,39 but Patient 
1 showed quite low SpA levels in both ear and 
nose. This again might indicate that the patient was 
not experiencing an active AR exacerbation at the 
time of sampling, or that the colonising strain had 
lower SpA expression. It raises the possibility that 
SAg gene expression could fluctuate with disease 
activity, an aspect that could be explored in future 
longitudinal studies.
	 It should also be noted that the skin is 
also often colonized by S. aureus40, and that other 
bacteria like Streptococcus spp.41

	 We also confirmed that Patient 1 carried 
the mecA and femB genes in both ear and nasal 
samples, indicating colonisation by MRSA. This 
finding in a community setting (outside of a 
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hospital environment) underscores that MRSA 
can be present in individuals with chronic airway 
conditions like AR. Importantly, several of the 
healthy participants in our study also carried one 
or both MRSA genes in their swabs. In fact, when 
considering both mecA and femB, 11 out of 12 
individuals (all except Participant 8) had evidence 
of MRSA-related genes in at least one site. 
Specifically, mecA and femB were concurrently 
detected (suggesting true MRSA) in the nasal 
swabs of Participants 1, 4, 5, 6, 9, 10, 11, and 12, 
and in the ear swabs of Participants 2, 3, 4, 5, 6, 
7, 9, 10, 11, and 12. If we define MRSA presence 
as having both mecA and femB, the overall 
MRSA gene detection rate in our cohort was 
approximately 91.7% (11/12 individuals), which is 
remarkably high. Even when considering sample-
wise detection, we found MRSA genes in 95% of 
samples (if one counts detection of both markers). 
This is in stark contrast to a previous report from 
Zhejiang Province (China), which found MRSA 
carriage rates of roughly 33%-35% in hospital 
patients between 2015 and 2017.42 Our higher 
detection rate can be partly attributed to our use 
of sensitive molecular methods and the inclusion 
of healthy university-affiliated individuals rather 
than hospital patients.43 It suggests that MRSA 
or at least methicillin-resistance genes may be 
more widespread in the general community than 
culture-based studies indicate.
	 A recurring theme in our results is the 
mismatch between culture-based detection 
of S. aureus and PCR-based detection of SAg/
MRSA genes. For example, Participant 8 had 
no S. aureus growth in either ear or nose, yet 
multiple genes (including mecA and femB) were 
detected in both. Participant 1’s ear showed 
no S. aureus colonies, yet was positive for all 
target genes by qPCR. These discrepancies 
highlight potential alternative sources for the 
detected genes, such as Streptococcus.41 One 
explanation is that other bacterial species can 
carry similar genes; for instance, the mecA 
gene is known to occur in Staphylococcus 
epidermidis, Staphylococcus pseudintermedius, 
and Staphylococcus haemolyticus, among 
others.44,45 Likewise, the femB gene, while often 
used as an S. aureus-specific marker, has homologs 
in other staphylococci (for example, S. epidermidis 
has femA/B analogs.46) It is possible that in samples 

where no S. aureus was cultured, our qPCR picked 
up DNA from coagulase-negative staph or other 
bacteria carrying mecA or femB. Streptococcus 
pyogenes, Yersinia pseudotuberculosis, and 
Mycoplasma arthritidis are known to produce 
superantigens as well41 and could theoretically 
be present in the flora of some participants, 
contributing to signals for genes analogous to SEA-
SED (though the primers we used were specific for 
staphylococcal genes, low-level colonisation by S. 
aureus below culture detection limits is another 
likely reason). These findings underscore that the 
detection of a gene by PCR does not always equate 
to the presence of viable S. aureus bacteria, and 
caution must be exercised in interpretation.
	 Our study also suggests that horizontal 
gene transfer between bacteria could be a factor 
to consider. The presence of mecA or femB in 
samples without S. aureus might indicate that 
other skin or mucosal commensals harbor these 
resistance genes, which could be transferred to 
S. aureus if it co-colonises later. Given that all but 
one participant had S. aureus detected in at least 
one site, and many had SAg levels comparable 
to the AR patient, the stage may be set for 
exchange of genetic material such as SCCmec (the 
staphylococcal cassette chromosome containing 
mecA)44 among the staphylococcal community 
on these individuals. This could elevate the risk 
of even healthy carriers developing or spreading 
MRSA infections in the future.
	 When comparing ear and nose sites 
within individuals, we found that, in general, 
the ear samples tend to have equal or higher 
frequencies of SAg gene detection than the nose 
samples (with some notable exceptions like Patient 
1). This could imply that the external ear canal, 
which is connected to the nasopharynx via the 
eustachian tube, might serve as a reservoir for 
SAg-producing microbes, or vice versa. Microbial 
travel between the nasal cavity and the middle ear 
(via the eustachian tube) is known to play a role 
in certain infections (for example, nasal pathogens 
can lead to otitis media). Our data hint that such 
travel could also apply to S. aureus carrying 
virulence factors, though the directionality and 
frequency of such transfer would need further 
investigation (possibly by strain typing methods 
to see if identical clones inhabit both sites).
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Limitations
	 It is important to acknowledge the 
limitations of this study. First, the sample size 
was small (only 12 individuals, including one AR 
patient), which limits the statistical power and 
generalisability of the findings. A larger cohort 
would be necessary to draw more definitive 
conclusions about patterns of colonisation and 
gene prevalence. Second, the participants were 
all from a single community (university-affiliated 
adults), which may introduce selection bias; their 
microbial profiles might not represent other 
populations or age groups. Third, our study was 
cross-sectional, providing a single snapshot in 
time; temporal fluctuations in colonisation or 
gene expression were not assessed. Finally, while 
molecular detection is sensitive, it cannot confirm 
whether the detected genes are expressed at 
the protein level or have functional effects, nor 
can it distinguish between live bacteria and 
DNA remnants. We did not perform RNA-based 
expression analysis or quantify actual toxin 
production. Despite these limitations, the study 
offers preliminary insights that can inform future 
larger-scale studies.

CONCLUSION

	 In conclusion, our pilot qPCR-based 
analysis revealed that S. aureus and specifically SAg-
producing S. aureus can inhabit the ear and nasal 
cavities of both healthy individuals and those with 
allergic rhinitis. Most S. aureus isolates from these 
sites carried multiple superantigen genes, with the 
SEA gene being the most frequently detected and 
SEB among the least. Remarkably, even in samples 
where S. aureus was not recoverable by culture, 
we detected MRSA-associated genes (mecA and 
femB), likely originating from other staphylococcal 
species, which highlights the potential for the 
horizontal transfer of antibiotic resistance 
elements in the commensal flora. Our results 
demonstrate that PCR screening for SAg and 
MRSA genes is a powerful tool to quickly assess 
colonisation by potentially virulent or resistant 
strains; however, such molecular methods should 
be complemented by traditional culture and 
biochemical identification for confirmation of 
active MRSA infections. This pilot study was limited 

by a small sample size, and thus the findings should 
be considered preliminary. Further research 
with larger and more diverse cohorts, as well as 
longitudinal sampling, is warranted to validate 
these observations and to better understand the 
dynamics of SAg and MRSA gene carriage in the 
ear-nose-throat region.
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