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Abstract

Staphylococcus aureus is one of the leading causes of both community- and healthcare-
associated infections. Nasal colonization constitutes the primary reservoir for subsequent
infection and transmission, while methicillin-resistant Staphylococcus aureus (MRSA) re-
mains a major public health concern because of its resistance to multiple antimicrobial
agents. However, data regarding community nasal colonization in rural Portuguese popu-
lations remain scarce. The BI-STAPH Project was established to address this knowledge gap
through systematic surveillance of rural communities in inland Portugal. To estimate the
prevalence of presumptive nasal colonization by Staphylococcus aureus and MRSA among
adults living in the municipality of Fundao, Portugal, and to explore potential associations
between colonization and demographic, behavioural, occupational, and environmental
characteristics. A prospective community-based cross-sectional study was conducted as the
second phase of the BI-STAPH Project. A total of 200 adults were recruited from different
parishes of the municipality of Fundao. Bilateral nasal swabs were collected and processed
using standardized microbiological methods for the presumptive identification of S. aureus.
Presumptive MRSA isolates were investigated using a PBP2’ latex agglutination assay.
Sociodemographic and exposure-related information was obtained through structured
questionnaires. Associations between presumptive colonization and participant charac-
teristics were evaluated using Pearson’s chi-square or Fisher’s exact tests, as appropriate.
Presumptive S. aureus nasal colonization was identified in 56 of 200 participants, corre-
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from 25.8% to 31.1% across age groups; neither sex nor age was significantly associated with
colonization. Participants reporting daily animal contact had a colonization prevalence
of 32.3%, compared with 20.5% among those without animal contact, but this difference
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population. No statistically significant associations were observed between colonization
and the characteristics evaluated. These findings expand the epidemiological evidence
generated by the BI-STAPH Project and support continued community-based surveillance
of S. aureus in rural Portugal. Future multicentre studies incorporating molecular confirma-
tion, antimicrobial susceptibility testing, and larger populations will be important to better
characterize circulating strains and transmission patterns within a One Health framework.

Keywords: Staphylococcus aureus; MRSA; nasal colonization; rural population; antimicrobial
resistance; One Health

1. Introduction

Staphylococcus aureus remains one of the most important human bacterial pathogens,
causing a broad spectrum of diseases ranging from mild skin and soft tissue infections
to severe invasive conditions such as bacteremia, infective endocarditis, osteomyelitis,
pneumonia, and sepsis mortality [1-3]. Beyond its role in clinical infections, S. aureus
is also a common colonizer of healthy individuals, with the anterior nares representing
its principal ecological niche. Nasal carriage plays a pivotal role in the epidemiology of
S. aureus, serving as an important reservoir for both autoinfection and transmission within
households, healthcare settings, and the community [4-6].

The emergence and worldwide dissemination of methicillin-resistant Staphylococcus
aureus (MRSA) have considerably increased the public health burden associated with this
microorganism [6-8]. Although historically regarded as a hospital-associated pathogen,
MRSA has progressively expanded into community settings and has also been identified
in livestock, companion animals, and environmental reservoirs. This epidemiological
transition has reinforced the importance of the One Health concept, recognizing the close
interaction between human, animal, and environmental health in the dissemination of
antimicrobial-resistant bacteria [9,10].

The prevalence of nasal colonization by S. aureus varies considerably among popula-
tions, generally ranging from 20% to 30% in healthy adults, whereas community-associated
MRSA carriage remains relatively uncommon in most European countries [11-14]. Colo-
nization is influenced by numerous host, environmental, and behavioral factors, including
age, sex, smoking habits, previous antibiotic exposure, healthcare contact, occupational
activities, and animal exposure. Rural populations may present distinctive epidemiological
characteristics because of their greater involvement in agriculture, livestock farming, and
frequent contact with domestic and production animals [13,15-17].

Antimicrobial resistance remains an important public health concern in Portugal, as
in other European countries [18,19]. Although several studies have characterized MRSA
epidemiology in hospital settings, information regarding nasal colonization in community
populations remains limited, particularly in rural inland regions [20,21]. Most available
Portuguese studies have focused on urban populations, hospitalized patients, healthcare
workers, or specific occupational groups, leaving important gaps in the understanding of
community transmission dynamics.

In recent years, several epidemiological studies conducted in inland Portugal have
highlighted the importance of community-based surveillance for monitoring chronic dis-
eases, infectious diseases, and antimicrobial resistance. These investigations have demon-
strated the value of regional population studies in identifying local health challenges and
supporting evidence-based public health strategies [22-24]. Nevertheless, community-
based data regarding nasal colonization by Staphylococcus aureus remain scarce, particularly
in rural municipalities of the Beira Interior region.
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To address this knowledge gap, the BI-STAPH Project was established as a commu-
nity surveillance initiative designed to evaluate the epidemiology of S. aureus and MRSA
colonization across municipalities in the Beira Interior region of Portugal. The first phase
of the BI-STAPH Project, conducted in the municipality of Serta, used standardized micro-
biological methods for the presumptive identification of S. aureus and reported an overall
colonization prevalence of 19.9% [25].

The municipality of Fundao represents a distinct rural setting within the Beira Interior
region, characterized by marked agricultural activity, livestock production, and an ageing
population [26]. These demographic and environmental characteristics may influence
the epidemiology of S. aureus colonization and justify continued community surveillance
within the framework of the BI-STAPH Project.

Despite the epidemiological importance of S. aureus carriage, data on community nasal
colonization in rural and predominantly ageing populations in inland Portugal remain
limited. This gap is particularly relevant because rural communities may present distinc-
tive patterns of healthcare access, occupational exposure, human-animal interaction, and
antimicrobial use that can influence bacterial transmission and colonization. Moreover,
epidemiological patterns may vary between geographically close municipalities, making
locally generated surveillance data important for understanding regional heterogeneity.
The first phase of the BI-STAPH Project, conducted in the municipality of Serta, provided
baseline data on S. aureus and MRSA carriage in a rural Portuguese population [25]. The
present second phase extends this surveillance approach to the municipality of Fundao,
using a comparable community-based design and microbiological workflow. This approach
allows the characterization of local carriage patterns and provides complementary evi-
dence for the development of a broader regional surveillance framework for S. aureus in
inland Portugal.

Therefore, the objective of this second phase of the BI-STAPH Project was to estimate
the prevalence of nasal S. aureus and MRSA carriage among adults living in the municipality
of Fundao, Portugal, and to explore possible associations between S. aureus colonization
and selected demographic, behavioural, occupational, and environmental characteristics.
By extending the project to a second rural municipality, this study also aimed to contribute
additional evidence to the characterization of S. aureus carriage patterns in inland Portugal
and to support the development of community-based regional surveillance.

2. Materials and Methods
2.1. Study Design and Population

A prospective community-based cross-sectional study was conducted as the second
phase of the BI-STAPH Project to investigate nasal colonization by Staphylococcus aureus
and methicillin-resistant S. aureus (MRSA) among adults living in the municipality of
Fundao, Central Portugal. Participant recruitment and biological sampling were conducted
in February and May 2026.

The study was conducted across different parishes of the municipality of Fundao.
Participants were approached directly in community settings, including public streets, local
fairs, markets, and other community gatherings. The recruitment strategy was designed
to facilitate access to adults from different geographical areas of the municipality and to
extend the community-based surveillance approach previously implemented during Phase
1 of the BI-STAPH Project in the municipality of Serta [25].

2.2. Participant Recruitment and Eligibility

Adults aged >18 years who were residents of the municipality of Fundao were eligible
for participation. Recruitment was based on convenience sampling, with participants
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approached directly by the research team in community settings, including streets, fairs,
markets, and local community gatherings. Individuals were informed about the objectives
and procedures of the study and were invited to participate voluntarily.

A total of 200 adults were enrolled. Fewer than 10% of the individuals approached
declined participation. Because recruitment was based on convenience rather than proba-
bility sampling, the study sample cannot be considered statistically representative of the
adult population of the municipality of Fundao. In particular, recruitment in public and
community settings may have underrepresented individuals with limited mobility or those
who spend more time at home. Potential selection bias was therefore considered when
interpreting the prevalence estimates.

The inclusion of 200 participants was also constrained by the feasibility of community-
based recruitment during the predefined study period. No formal population-based
sampling frame was available.

2.3. Sample Size

No formal a priori sample-size calculation was performed before recruitment. The tar-
get sample of 200 participants was defined according to the feasibility of community-based
recruitment during the study period and the objective of obtaining an initial epidemio-
logical characterization of S. aureus carriage in the municipality of Fundao. Accordingly,
the study should be considered an exploratory community surveillance study, and the
sample size was not specifically powered to detect associations between colonization and
individual risk factors.

2.4. Questionnaire and Exposure Variables

Participants completed a structured questionnaire collecting information on demo-
graphic and behavioural characteristics, including sex, age group, place of residence,
smoking status, occupational activity, occupational risk category, healthcare-professional
status, and daily contact with animals.

Animal exposure was classified according to contact with domestic animals, non-
domestic/production animals, or both. Occupational risk was categorized as low, moder-
ate, or high according to predefined criteria established during Phase 1 of the BI-STAPH
Project [25]. Briefly, low-risk occupations were those without regular exposure to healthcare
environments, livestock, animals, or intensive interpersonal contact; moderate-risk occupa-
tions included activities involving regular interpersonal or environmental exposure; and
high-risk occupations included occupations with frequent direct exposure to healthcare set-
tings, livestock /animals, or other potentially relevant sources of bacterial transmission. The
same classification framework was applied in the present study to maintain methodological
consistency with Phase 1.

All questionnaire information was collected at the time of participant enrolment.
Participants were not followed longitudinally.

2.5. Microbiological Sampling and Identification

Bilateral anterior nasal swabs were collected from each participant at the time of enrol-
ment using sterile sampling swabs. Samples were processed using standard microbiological
procedures for the isolation and presumptive identification of S. aureus.

Nasal specimens were cultured on a selective/differential chromogenic medium for the
detection of S. aureus (bioMérieux, Marcy—l’Etoile, France), according to the manufacturer’s
instructions. Suspected colonies were evaluated based on colony morphology and Gram
staining characteristics. Colonies displaying morphology compatible with S. aureus and
Gram-positive cocci in clusters were classified as presumptive S. aureus isolates.
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The present study did not include molecular confirmation of species identification, co-
agulase testing, MALDI-TOF mass spectrometry, or PCR targeting the nuc gene. Therefore,
the reported prevalence should be interpreted as the prevalence of presumptively identified
S. aureus nasal colonization based on the microbiological workflow used in the study.

2.6. MRSA Screening and Identification

Presumptive S. aureus isolates were further evaluated for methicillin resistance using
a latex agglutination assay targeting penicillin-binding protein 2a (PBP2a). The assay
used was the MASTALEX™ MRSA Latex Kit for PBP2’ (Penicillin Binding Protein 2’) and
Confirmation of Methicillin-Resistant Staphylococcus aureus (MAST Group, Bootle, UK),
performed according to the manufacturer’s instructions.

The assay detects PBP2a/PBP2’, the altered penicillin-binding protein associated with
methicillin resistance in S. aureus. A positive latex reaction was interpreted as evidence
supporting methicillin-resistant S. aureus. No cefoxitin or oxacillin susceptibility testing was
performed, and no molecular detection of mecA or mecC was undertaken. Antimicrobial
susceptibility testing was not performed in this study.

The MASTALEX™ assay was used as the sole phenotypic method for MRSA screening.
Accordingly, the absence of a positive latex reaction was interpreted as no MRSA detected
by the method used rather than as definitive evidence of absence of methicillin-resistant
strains in the study population.

2.7. Statistical Analysis

Categorical variables were summarized using absolute and relative frequencies. The
prevalence of S. aureus nasal colonization was calculated as the proportion of participants
with presumptive S. aureus carriage among all participants tested, and the corresponding
95% confidence interval (CI) was calculated using the exact binomial method. For the
observed prevalence of MRSA, the exact binomial 95% CI was also calculated.

Associations between S. aureus colonization and categorical participant characteristics
were assessed using Pearson’s chi-square test or Fisher’s exact test, as appropriate according
to the expected cell frequencies. For variables with more than two categories, the overall
test was used to assess whether the observed proportions differed across categories.

In addition, pairwise differences between independent proportions were examined
where appropriate using a two-sided test for equality of proportions. The maximum
absolute difference between category-specific proportions was reported descriptively, to-
gether with the corresponding statistical test. Because the study was exploratory and the
number of colonized participants was limited, these analyses were considered unadjusted
exploratory comparisons.

Multivariable logistic regression was not performed because the number of S. aureus-
positive participants was limited (n = 56) and several explanatory variables contained
very small subgroups, which would have resulted in unstable estimates and an excessive
number of parameters relative to the number of outcome events. Therefore, the analyses
were intended to explore possible associations rather than identify independent risk factors.

All statistical tests were two-sided, and statistical significance was defined as p < 0.05.
Statistical analyses were performed using IBM SPSS Statistics version 21.0 (IBM Corp.,
Armonk, NY, USA).

2.8. Ethical Considerations

The study was conducted in accordance with the ethical principles of the Declaration
of Helsinki and was approved by the appropriate institutional Ethics Committee (approval
number: CE-UBI-Pj-2023-054).
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All participants provided written informed consent before enrolment. Participant
confidentiality and anonymity were guaranteed throughout all stages of the study, and all
collected data were analysed anonymously.

3. Results
3.1. Population Characteristics

A total of 200 adult participants from different parishes of the municipality of Fundao
were included in the study.

The study population consisted predominantly of males (56.0%, n = 112), whereas
females represented 44.0% (n = 88). Participants aged 35-59 years constituted the largest
age group (44.5%), followed by individuals aged >60 years (33.0%) and those aged
18-34 years (22.5%).

Regarding geographical distribution, most participants resided in the Cova da Beira
Valley (70.0%), while the remaining individuals were distributed across the East Gardunha,
West Gardunha, and South Gardunha regions.

Concerning smoking habits, 59.0% of participants were non-smokers (1 = 118), 26.0%
were current smokers (n = 52), and 15.0% were former smokers (n = 30).

Most occupations were classified as low occupational risk (70.0%, n = 140), followed by
moderate-risk (26.5%, n = 53) and high-risk occupations (3.5%, n = 7). Daily contact with an-
imals was reported by 63.5% of participants (n = 127). Among participants reporting animal
exposure, contact with domestic animals was the most frequently reported type of exposure
(58.3%, n = 74), followed by contact with both domestic and non-domestic/production
animals (26.8%, n = 34), whereas exclusive contact with non-domestic/production animals
was the least common (15.0%, n = 19).

3.2. Prevalence of Staphylococcus aureus and MRSA

Presumptive nasal colonization by Staphylococcus aureus was identified in 56 of the
200 participants, corresponding to an overall prevalence of 28.0% (95% CI: 21.8-34.2%).
No MRSA-positive isolates were detected among the participants, corresponding to an
observed prevalence of 0% (95% CI: 0.0-1.8%).

The distribution of presumptive S. aureus colonization according to participant char-
acteristics is presented in Table 1. No statistically significant associations were identified
between presumptive S. aureus colonization and the demographic, behavioural, occupa-
tional, or environmental variables evaluated (all p > 0.05).

Table 1. Distribution of presumptive Staphylococcus aureus nasal colonization according to demo-
graphic, behavioural, occupational, and environmental characteristics of the study population. Val-
ues are presented as n and percentage of participants with presumptive S. aureus colonization
within each category. p-values were calculated using Pearson’s chi-square test or Fisher’s exact test,
as appropriate.

Variable Category Negative, n Positive, n Total, n Positive (%) (95% CI) p Value
Gender Male 82 30 112 26.8% (18.9-36.0%) 0.666
Female 62 26 88 29.5% (20.3-40.2%)
Age group 18-34 31 14 45 31.1% (18.2-46.6%)  0.827
35-59 64 25 89 28.1% (19.1-38.6%)
>60 49 17 66 25.8% (15.8-38.0%)
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Table 1. Cont.

Variable Category Negative, n Positive, n Total, n Positive (%) (95% CI) p Value

Place of residence Cova da Beira Valley 102 38 140 27.1% (20.0-35.3%) 0.161
East Gardunha 17 4 21 19.0% (5.4-41.9%)
West Gardunha 13 11 24 45.8% (25.6-67.2%)
South Gardunha 12 3 15 20.0% (4.3-48.1%)

Smoking status Current smoker 42 10 52 19.2% (9.6-32.5%) 0.250
Non-smoker 82 36 118 30.5% (22.4-39.7%)
Former smoker 20 10 30 33.3% (17.3-52.8%)

Healthcare professional No 140 53 193 27.5% (21.3-34.3%) 0.373
Yes 4 3 7 42.9% (9.9-81.6%)

Occupational risk High risk 4 3 7 42.9% (9.9-81.6%) 0.659
Moderate risk 39 14 53 26.4% (15.3-40.3%)
Low risk 101 39 140 27.9% (20.6-36.1%)

Daily contact with animals No 58 15 73 20.5% (12.0-31.6%) 0.075
Yes 86 41 127 32.3% (24.3-41.2%)

Type of animal Domestic 47 27 74 36.5% (25.6-48.5%) 0.227
Non-domestic 16 3 19 15.8% (3.4-39.6%)
Both 23 11 34 32.4% (17.4-50.5%)

Presumptive colonization prevalence was 26.8% among males and 29.5% among
females, with no statistically significant difference between the groups (p = 0.666). Across
age groups, prevalence was 31.1% among participants aged 18-34 years, 28.1% among
those aged 35-59 years, and 25.8% among those aged >60 years; the overall comparison
was not statistically significant (p = 0.827).

According to place of residence, the prevalence of presumptive S. aureus colonization
ranged from 19.0% in East Gardunha to 45.8% in West Gardunha (Figure 1). The overall
comparison between geographical areas was not statistically significant (p = 0.161).

Presumptive S. aureus colonization was identified in 32.3% of participants reporting
daily contact with animals and in 20.5% of those reporting no daily animal contact. This
comparison was not statistically significant (p = 0.075). According to type of animal
exposure, prevalence ranged from 15.8% among participants reporting exclusive contact
with non-domestic/production animals to 36.5% among those reporting contact with
domestic animals; the overall comparison was not statistically significant (p = 0.227).

According to smoking status, prevalence ranged from 19.2% among current smokers
to 33.3% among former smokers, with no statistically significant association (p = 0.250).

Healthcare professionals had a presumptive S. aureus colonization prevalence of
42.9% compared with 27.5% among non-healthcare professionals. This difference was not
statistically significant (p = 0.373) and was based on a very small number of healthcare
professionals (1 = 7).

According to occupational risk, prevalence ranged from 26.4% among participants
with moderate-risk occupations to 42.9% among those classified as high occupational risk.
No statistically significant association was observed (p = 0.659).

Overall, none of the demographic, behavioural, geographical, occupational, or animal-
exposure variables evaluated showed a statistically significant association with presumptive
S. aureus nasal colonization.
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Figure 1. Geographical distribution of the prevalence of Staphylococcus aureus nasal colonization
according to participants’ place of residence in the municipality of Fundao. The percentages represent
the proportion of colonized individuals within each geographical region. The number of participants
in each area was: Cova da Beira Valley (n = 140), East Gardunha (n = 21), West Gardunha (n = 24),
and South Gardunha (n = 15).

Because no MRSA-positive isolates were detected using the screening method em-
ployed, no further inferential analyses regarding factors associated with MRSA carriage
were performed.

4. Discussion

In this second phase of the BI-STAPH Project, we assessed nasal carriage of S. aureus
among adults living in the municipality of Fundao and generated additional epidemiologi-
cal data on presumptive S. aureus colonization in a rural community of inland Portugal.
By applying a broadly consistent community-based study design and microbiological
approach to that used in the first phase conducted in the municipality of Serta, the project
contributes to the development of a regional evidence base for S. aureus carriage and
supports the feasibility of community-level surveillance in rural populations.

The overall prevalence of presumptive S. aureus nasal colonization in the present study
was 28.0% (95% CI: 21.8-34.2%). This estimate is compatible with carriage frequencies
reported among healthy adult populations in Europe [5,26-29]. Nasal carriage remains
epidemiologically relevant because colonized individuals may represent an endogenous
source of infection and a potential reservoir for interpersonal transmission [20,30-33].
However, the present estimate should be interpreted as a prevalence of presumptive S.
aureus colonization, given that species identification was based on culture characteris-
tics, colony morphology, and Gram staining without molecular confirmation or MALDI-
TOF identification.

The prevalence observed in Fundao was numerically higher than that reported during
Phase 1 of the BI-STAPH Project in Serta (28.0% vs. 19.9%) [25]. However, the present study
was not designed or statistically powered to perform a formal comparison between the two
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municipalities, and the difference should therefore be regarded as descriptive rather than as
evidence of a statistically demonstrated difference in colonization prevalence. Differences
in population composition, recruitment characteristics, environmental exposure, temporal
factors, or sampling variability may contribute to variation between study sites. The same
caution applies to the geographical differences observed within Fundao. Although colo-
nization prevalence varied descriptively between the four geographical areas, the overall
comparison was not statistically significant (p = 0.161), and the relatively small number of
participants in some areas limits the precision of these estimates. These observations may
nevertheless provide useful hypotheses for future regional studies with larger and more
representative samples.

No statistically significant associations were identified between presumptive S. aureus
colonization and sex, age group, smoking status, geographical area, healthcare-professional
status, occupational risk, daily animal contact, or type of animal exposure. These find-
ings are consistent with the multifactorial nature of S. aureus nasal carriage, which may
reflect the combined influence of host characteristics, environmental exposure, behavioural
factors, and bacterial determinants rather than a single readily identifiable factor [34-36].
Nevertheless, the absence of statistically significant associations should not be interpreted
as evidence that these factors have no effect. The relatively small number of colonized
participants and the very small size of some subgroups substantially limited the statistical
power of the study to detect modest associations.

Animal exposure is of particular interest from a One Health perspective. Participants
reporting daily animal contact had a higher descriptive prevalence of presumptive S. aureus
colonization than those without reported daily contact (32.3% vs. 20.5%); however, this
difference did not reach statistical significance (p = 0.075). Similarly, differences accord-
ing to the type of animal exposure were descriptive and were not statistically significant
(p = 0.227 for the overall comparison). These findings should therefore not be interpreted
as evidence of an association between animal contact and S. aureus carriage. Neverthe-
less, human-animal interactions remain epidemiologically relevant because livestock and
companion animals can act as reservoirs of S. aureus, including livestock-associated MRSA
lineages [37-39]. Future studies with larger samples and molecular characterization of
isolates may help determine whether specific animal-associated lineages circulate within
rural communities and whether particular exposure pathways contribute to transmission.

Occupational characteristics likewise showed no statistically significant association
with presumptive S. aureus colonization. Although healthcare professionals and partici-
pants classified as having high occupational risk presented higher descriptive prevalence
estimates, these groups comprised only seven participants each, substantially limiting
the reliability of these estimates. Previous studies have associated occupational settings
involving healthcare, agriculture, livestock farming, and frequent interpersonal contact
with S. aureus carriage [40,41]. The present findings therefore do not exclude a possible role
of occupational exposure but indicate that larger studies with sufficient numbers within
specific occupational categories are needed to evaluate such relationships reliably.

The absence of MRSA-positive isolates in the present sample is an important finding
but requires cautious interpretation. No MRSA was detected among the 200 participants
using the PBP2a latex agglutination assay applied to the presumptive S. aureus isolates.
The observed prevalence was therefore 0%, with a corresponding 95% confidence interval
of 0.0-1.8%. This result does not demonstrate that MRSA is absent from the wider Fundao
community; rather, it indicates that no MRSA was detected in the sampled population using
the methodology employed. The absence of antimicrobial susceptibility testing, molecular
detection of mecA or mecC, and additional phenotypic confirmation limits the strength
of the negative MRSA finding. In particular, PBP2a-based detection may not identify
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all methicillin-resistant isolates, including strains associated with alternative resistance
mechanisms. Accordingly, the present result should be interpreted as an absence of detected
MRSA rather than proof of zero community prevalence.

The finding also differs from Phase 1 of the BI-STAPH Project in Serta, in which
MRSA was detected in 4.8% of participants [25]. Given the methodological limitations
described above and the absence of a formally powered comparison between the two
populations, this numerical difference should not be interpreted as evidence of a true
difference in MRSA prevalence between municipalities. Local antimicrobial exposure,
healthcare contact, livestock-associated transmission, population characteristics, temporal
variation, and stochastic sampling variation may all contribute to differences between study
populations [32,33]. Future phases of the BI-STAPH Project should therefore incorporate
antimicrobial susceptibility testing and molecular confirmation of methicillin resistance,
ideally including detection of mecA and mecC, to provide a more robust assessment of
community MRSA carriage.

The absence of antimicrobial susceptibility profiling is an additional limitation of the
present study. Consequently, the study cannot provide a comprehensive assessment of an-
timicrobial resistance among the S. aureus isolates. The relevance of continued antimicrobial-
resistance surveillance is nevertheless underscored by recent investigations conducted in
Central Portugal, which have documented multidrug resistance among Gram-negative
uropathogens [42-45]. These findings support the value of integrated microbiological
surveillance extending across community and healthcare settings, while the present study
should not be interpreted as providing a complete antimicrobial-resistance profile of S. au-
reus in Fundao.

The study also has several limitations that should be considered when interpreting its
findings. First, the convenience-based recruitment strategy, involving direct approaches in
streets, markets, fairs, and other community settings, may have introduced selection bias.
The sample may not be fully representative of the adult population of Fundao, particularly
individuals who are homebound, have limited mobility, or are less likely to participate
in community activities. This issue is relevant when interpreting prevalence estimates,
particularly in an ageing rural population. Second, the cross-sectional design and single
sampling occasion prevent assessment of temporal changes and do not distinguish persis-
tent from intermittent nasal carriage. Third, only the anterior nares were sampled; therefore,
colonization at other anatomical sites, including the throat, skin, or perineal region, was not
assessed. Fourth, the absence of molecular confirmation and antimicrobial susceptibility
testing limits the microbiological characterization of the isolates. Fifth, some analytical
subgroups were very small, reducing statistical precision and limiting the ability to identify
modest associations. Finally, only univariate analyses were performed. Given the limited
number of colonized participants and the small size of several subgroups, multivariable
logistic regression was not considered sufficiently reliable for the present dataset. The study
should therefore be regarded as exploratory and hypothesis-generating rather than as an
investigation designed to establish independent risk factors for colonization.

Despite these limitations, the study provides useful baseline information on presump-
tive S. aureus nasal colonization in a rural Portuguese population and demonstrates the
feasibility of community-based surveillance in inland Portugal. The second phase also
extends the geographic scope of the BI-STAPH Project and provides data from a munic-
ipality not previously characterized within this surveillance initiative. The comparison
with Serta should be interpreted primarily as descriptive and hypothesis-generating, but
the availability of data generated using broadly comparable approaches creates an im-
portant foundation for future multicentre studies. Such studies should use larger and
more representative samples, standardized antimicrobial susceptibility testing, molecular
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confirmation and typing, and, where feasible, longitudinal follow-up to better characterize
carriage dynamics and transmission pathways.

Overall, the present findings support continued community-based surveillance of
S. aureus in rural Portugal while highlighting the need for methodological strengthening in
subsequent phases of the BI-STAPH Project. In particular, molecular characterization of
isolates and systematic antimicrobial susceptibility testing will be essential to determine
the extent and nature of MRSA and other resistance determinants in rural communities
and to better integrate community surveillance within a One Health framework.

5. Conclusions

This second phase of the BI-STAPH Project provides additional epidemiological data
on presumptive Staphylococcus aureus nasal colonization among adults living in the rural
municipality of Fundao, Portugal. Presumptive S. aureus colonization was observed in
28.0% of participants, whereas no presumptive MRSA-positive isolates were detected using
the PBP2a latex agglutination assay applied in this study. These findings provide useful
baseline information on community carriage in an inland Portuguese rural population,
while the absence of detected MRSA should not be interpreted as evidence that MRSA is
absent from the wider community.

No statistically significant associations were identified between presumptive S. aureus
colonization and the demographic, behavioural, occupational, geographical, or animal-
exposure variables evaluated. The descriptive differences observed across some popu-
lation subgroups should therefore be interpreted cautiously and considered hypothesis-
generating rather than evidence of specific risk factors.

Overall, the findings reinforce the value of community-based surveillance for mon-
itoring S. aureus carriage in rural populations and contribute to the expanding regional
evidence generated by the BI-STAPH Project. Future multicentre studies involving larger
and more representative populations, longitudinal follow-up, antimicrobial susceptibility
testing, and molecular characterization of isolates will be important to clarify colonization
and transmission dynamics and to strengthen surveillance of S. aureus and antimicrobial
resistance within a One Health framework.
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