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Abstract

Background: Nasal Staphylococcus aureus is a major source of community and hospital associated
staphylococcal infections, including Methicillin-resistant S. aureus (MRSA). Screening of MRSA nasal
colonization is important in the prevention and control of infection and may provide useful
information to guide antimicrobial therapy.Objective: The study aims to determine the prevalence
of nasal colonization by S. aureus and investigated its antimicrobial resistance profile to methicillin
and glycopeptides in hospital and non-hospital settings in Maputo, Mozambique. Methods: A cross-
sectional study was conducted by collecting nasal specimens of symptomatic outpatients and
asymptomatic students at Eduardo Mondlane University in Maputo. Using culture techniques on
Mannitol salt and HiCrome™ Rapid MRSA agar, S. aureus was isolated based on the colonial
characteristics and confirmed by Gram staining, catalase, and Microgen®Staph tests. The antibiotic
susceptibility test was done using Kirby-Buer disk diffusion method on Salt Muellar Hinton agar for
methicillin (cefoxitin), vancomycin and teicoplanin antibiotics. Results: A total of 50 (39.1%) S. aureus
isolates were obtained from 128 collected nasal samples, in which 104 (31.3%) were from university
students and 24 (7.8%) from outpatient’s form university clinic. The isolates showed a low overall
7.8% resistance to cefoxitin and, 14.1% and 11.7% presumptive resistance to teicoplanin and
vancomycin, respectively. Conclusion: Methicillin and glycopeptide resistant S. aureus were highly
prevalent in asymptomatic students. These observations call for strategies to prevent S. aureus spread
to more vulnerable populations where the consequences can be severe.

Keywords: Staphylococcus aureus; nasal colonization; antibiotic susceptibility; maputo

Introduction

Staphylococcus aureus is a versatile commensal microorganism found in the human body and is
associated with a wide variety of infections with high morbidity, mortality, and healthcare-associated
costs [1,2]. S. aureus can efficiently adapt to multiple niches, establishing solid interactions with
epithelial cells[2,3] and able to overcome these defenses and colonize this microenvironment[2,4,5].
The most frequent carriage site is the nose, with approximately 20 to 40% of the general population
being permanently but asymptomatically colonized, and another 30% may carry the bacterium
intermittently[2,6]. Interminent nasal colonization by S. aureus represents the major risk factor for
infections such as cellulitis, endocarditis, impetigo, pneumonia, urinary tract infections,
osteomyelitis, pneumonia, septicemia, and toxic shock syndrome (TSS)[2,4,7,8]. Its pathogenicity is
multifaceted, encompassing antimicrobial resistance (AMR) and a high proficiency for biofilm
formation[2,9,10].

S. aureus has become resistant to various antimicrobial agents, including the commonly used
penicillin-related antibiotics such as methicillin, resulting in one of the top pathogens responsible for
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global deaths associated with AMR, with methicillin-resistant S. aureus (MRSA) causing more than
100,000 annual deaths[11]. For instance, most MRSA isolates have also shown resistance to
vancomycin — a glycopeptide that was introduced and widely used as a preferred option for treating
MRSA infections [12-14].

While globally, including in African context. the prevalence rates of MRSA and multidrug-
resistant (MDR) S. aureus strains reach as high as 61.6% [15-22], data from sub-Saharan Africa,
particularly in Mozambique, remain scarce. However, the few studies conducted in both hospital and
community settings have documented S. aureus infection rates of up to 12.3% [22,23], with MDR and
MRSA accounting for as much as 33.3% of these infections [23-25]. This has escalated into a global
health challenge, as bacterial infections once easily treated have become increasingly difficult to
manage [17,26].

The nasal colonization of both S. aureus and MRSA plays a key role in the epidemiology and
pathogenesis of both MDR S. aureus and MRSA infections in various populations [13,17,27]. Screening
for and eliminating nasal carriage of Staphylococcus aureus and MRSA has been associated with a
reduction in infection rates[28-30]. In other hand, understanding the antimicrobial patterns of S.
aureus is crucial for developing effective prevention and control measures — particularly in
developing countries, where healthcare infrastructure and access to medical services remain limited
[13,30,31].

This study aims to determine the prevalence of nasal carriage of methicillin and glycopeptide
resistant S. aureus among outpatients attended at the university clinic, and students from the
Department of Biological Sciences, Eduardo Mondlane University, Mozambique.

Materials and Methods

Study Type and Population

This was a cross-sectional study carried out from June to November 2022 (during Covid-19
pandemic), in a group of symptomatic outpatients attended at the Eduardo Mondlane University
(UEM) clinic, and asymptomatic students from the Department of Biological Sciences, Eduardo
Mondlane University (DBC-UEM).

Nasal specimens were collected aseptically from one hundred and twenty-four [128]
participants, comprising outpatients and students. Willingness of the subjects to participate in the
study was a strong criterion.

Nasal specimens were aseptically collected from one hundred and twenty-eight [128]
participants, including both outpatients and students. A key criterion for inclusion in the study was
the participants’” willingness to take part. Additionally, participants were asked if had undergone
antibiotic treatment for at least two weeks prior to sample collection; and those who had, were
excluded. The nasal specimens were collected with labelled sterile swabs sticks and taken within 2
hours of collection for inoculation on selective media in the Microbiology laboratory at the DBC-
UEM.

Before the study, ethical approval was obtained from the Mozambican National Ethical
Committee on June 06, 2022 (Approval No. 347/CNBS/22). The study was explained to the
participants, and only those who provided written informed consent and informed assent in the case
of minors under 18 years of age, were included. Confidentiality and privacy were maintained
throughout the study.

Isolation and Characterization of S. aureus

Each of all the swab samples was inoculated onto sterilized Mannitol salt agar (MSA) and
HiCrome™ Rapid MRSA agar (HiMedia, India) plates and incubated aerobically at 37°C for 24 to
48h. The culture media were prepared and sterilized according to the manufacturer’s instructions.

The isolates were characterized using standard established microbiological methods. Isolates
with golden yellow-coloured colonies on MSA agar plates and give greenish yellow-coloured
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colonies on HiCrome™ Rapid MRSA agar were assumed to be S. aureus, and subsequently sub-
cultured on MSA plates to obtain pure colonies, and confirmation by Gram staining, catalase, and
agglutination (Microgen®Staph) tests. All isolates that were Gram positive cocci (grape-like clusters)
and positive to catalase and agglutination tests, were considered as S. aureus and submitted to
antimicrobial susceptibility testing.

Antimicrobial Susceptibility Test

Antimicrobial susceptibility testing was performed on Muller Hinton Agar (MHA) (HiMedia,
India) using the disc diffusion method in accordance with the Clinical and Laboratory Standards
Institute (CLSI) guidelines[32-34]. In summary, a brief suspension of multiple colonies from the pure
culture of the S. aureus isolate was prepared with normal sterile saline solution and adjusted to a
turbidity at 0.5 McFarland standards. Then, the cell suspension was swabbed, and the swab was
spread on the surface of an MHA and left briefly to dry at room temperature. Thenceforth, the
antibiotic disks were applied onto the agar; and allowed to stand for at least 30mins before incubated
for 24 hours at 30 to 35°C, to allow the growth of methicillin-resistant strains [26,34,35]. Then, sterile
cotton swabs were used to spread the cell suspension evenly on the surface of MHA, and left briefly
the plates to dry at room temperature. Three (3) antibiotic discs (Oxoids U.K) including: cefoxitin
(30ug) - for detection of MRSA, vancomycin (30pg) and teicoplanin (30ug) were placed on the surface
of the inoculated MHA plates; and allowed to stand for at least 30mins before incubated for 24 hours
at 30 to 35°C, for the growth of methicillin resistant strains [26,34,35). MRSA strain (ATCC 25923)
provided by José Sumbana (Laboratory of Microbiology, Faculty of Medicine, UEM) was used as
control. The diameter of inhibition zone was measured and antibiogram was determined according
to the Clinical and Laboratory Standard Institute (CLSI) guidelines (Table 1), as described by Roy et
al. [32], Deepak et al. [33] and Ennab et al. [34].

Table 1. CLSI standards of antibiotics inhibition zone diameter measurement.

Inhibition/Diameter zone (mm)

Antimicrobial agente

R (resistant) I (intermediate) S (sensitive)
Cefoxitin (30ug) <21 - >22
Vancomycin (30ug) - - 215
Teicoplanin (30ug) - - 214

Statistical Analysis

Statistical data analysis was performed using SPSS 21 software (IBM Corp., Armonk, NY).
Frequencies were obtained and percentages were calculated for study variables. Demographic
characteristics were compared with the use of Chi-square test. All reported p-value of less than or
equal to 0.05 were considered to be statistically significant (>0.05).

Results

One hundred and twenty-eight samples, were taken up for the study, 24 outpatients to represent
the symptomatic resistant profile, while 104 were from students, representing the asymptomatic
resistant profile. The modal age group for both groups was 18- 30 years with a total of 116 patients.
The age ranges of the patients were from 1-62 years (Table 2).

Distribution of Staphylococcus aureus by participants characteristics

A total of fifty (39.1%) out of 128 nasal samples of overall subjects screened gave S. aureus
isolates, and among the remainder number, 42.2% (n=54) gave Coagulase-Negative Staphylococcus
(CoNS) isolates. The University students appeared to have high S. aureus colonization prevalence
than the UEM clinic outpatients, but the difference is not statistically significant (P = 0.684). As shown
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in Table 2, the female volunteers were more colonized than their male counterpart, with a significant
difference (P = 0.005). No statistically significant difference was found for the S. aureus colonization
prevalence between the age group, but it was observed that most of the participants (n=116) were in
18-30 years age group, with 42 (32.8%) of them being positive for S. aureus colonization.

Table 2. The prevalence of S. aureus and Coagulase-Negative Staphylococcus among the participants.

CoN
Sample S. aureus p
Category Staphylococcus
Number (N) value*
n (%) n (%)
Overall 128 50 39.1 54 422 -
Type of participants
UEM clinic
24 10 7.8 11 8.6
Outpatients 0.684
DBC-UEM Students 104 40 313 43 33.6
Sex
Female 81 23 18.0 41 32.0
0.005
Male 47 27 21.1 13 10.2
Age group (years)
<17 2 2 1.6 0 0.0
18-30 116 42 32.8 51 39.8
31-45 4 3 2.3 1 0.8 0.525
46-60 3 2 1.6 0 0.0
261 3 1 0.8 2 1.6

CoN - Coagulase-Negative Staphylococcus; *Chi-square test

Staphylococcus aureus antibiotic resistance levels for both symptomatic (Outpatientes) and
asymptomatic (Students) participants

In general, the isolates showed low resistance to the three (3) tested antibiotics, as shown in Table
2. Overall, 7.8% of the isolate’s showed methicillin (cefoxitin) resistance, while 14.1% and 11.7%
presumptively resistant to teicoplanin and vancomycin, respectively. The observed differences in the
isolates’ resistance pattern among the participants’ groups are not statistically significant (P > 0.05).

In this study we analysed the combined (to two antibiotics tested) or multi-drug (to all three
antibiotics tested) resistance pattern of S. aureus isolates (Figure 1). Fourteen (28%) of all (n=50) the S.
aureus isolates were at least presumptively resistant for two antibiotics tested, with two of them (4%)
were presumptively multi-drug resistant (for methicillin vancomycin and teicoplanin) and six (12%)
showed combined presumptive resistance to both glycopeptide antibiotics (vancomycin and
teicoplanin).

Table 3. The Antimicrobial resistance profile of S. aureus isolates from the nares of the participants (students and

outpatients).
Overall Resistance (n=128) Outpatientes (n=24) Students (n=124)
Antibiotics
n (%) n (%) n (%)
Cefoxitin (30ug) 10 7.8 1 4.2 9 7.3
Vancomycin (30ug) 15 11.7 4 16.7 11 8.9
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Figure 1. The combined or multi-drug presumptive resistance pattern of S. aureus isolates from the nares of the

volunteers. Legend: FOX, cefoxitin; VAC, vancomycin; TEI, teicoplanin.

Discussion

S. aureus colonization has long been recognized as an important risk factor for subsequent
infection caused by the colonizing strain [16,27]. This pathogen is capable of causing a wide spectrum
of clinical manifestations, ranging from minor skin and soft tissue infections to invasive and life-
threatening diseases such as pneumonia, bacteremia, and sepsis. Its clinical importance is amplified
by its remarkable ability to acquire resistance to nearly all available classes of antibiotics [26,32]. Of
particular concern is the global dissemination of multidrug-resistant (MDR) strains, especially
methicillin-resistant S. aureus (MRSA), which complicates treatment and limits therapeutic options.
Nasal colonization of S. aureus has been implicated in both community-associated infections, such as
skin and soft tissue infections, and hospital-associated infections, including bacteremia and surgical
site infections [17,27,36].

The present study provides insights into the prevalence of nasal carriage of S. aureus and MRSA
among both symptomatic and asymptomatic individuals, while also exploring their glycopeptide
antibiotic susceptibility profiles. Our findings demonstrate an overall S. aureus nasal carriage rate of
39.1%, which aligns with previous studies conducted in diverse geographic regions. For instance,
Uemura et al. (2004) in Japan, Kuehnert et al. [37] in the United States, and Onanuga & Temedie [26]
in Nigeria reported prevalence rates of 36.0%, 32.4%, and 33.3%, respectively, among healthy adults.
This concordance suggests that a baseline prevalence of approximately one-third of the population
being colonized appears consistent across different populations and continents.

Nevertheless, variations in prevalence have been reported. Higher colonization rates exceeding
43% were documented in both hospital and non-hospital populations in Abia State, Nigeria [38], as
well as among medical students [39] and hospital personnel [40] in Nepal. In contrast, substantially
lower colonization rates have also been observed. For instance, Adesida et al. [41] reported a
prevalence of only 14.0% among students in Lagos, Nigeria, while Abie et al. [42]found 23.2%
prevalence among janitors in Addis Ababa, Ethiopia. The recent study by Taqveem et al. [43] in
Pakistan similarly noted low prevalence among students. Such discrepancies highlight that nasal
carriage is influenced by multiple epidemiological and environmental factors, including antibiotic
usage, healthcare exposure, population demographics, and even sampling and laboratory techniques
[17,26].
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Antibiotic exposure appears to be particularly influential. Populations receiving antibiotic
treatment at the time of sampling often exhibit lower S. aureus prevalence due to suppression of
colonization by susceptible strains. Conversely, hospital settings typically report higher colonization
rates because of increased opportunities for bacterial transmission in environments with high
infection burdens [41]. In contrast, non-hospitalized populations not under antibiotic treatment may
exhibit relatively higher prevalence, reflecting natural colonization patterns. This has been confirmed
in studies of community populations where nasal colonization typically ranges between 20-30% [2,6].
These findings collectively demonstrate that S. aureus colonization is shaped by a complex interplay
between microbial ecology, host factors, and healthcare exposure.

In the present study, the anterior nares were confirmed as a major reservoir for S. aureus,
consistent with previous reports [27]. Importantly, we found no significant difference in colonization
rates between symptomatic and asymptomatic individuals, suggesting that carriage is not necessarily
associated with acute infection risk at the individual level. However, colonization serves as a latent
risk, providing a reservoir for potential infection and onward transmission. Interestingly,
colonization was significantly associated with sex (P = 0.005), with males exhibiting higher carriage
rates. This observation echoes findings by [43), where male students demonstrated higher prevalence
of both S. aureus (57.7%) and MRSA (21.4%) compared to females (42.3% and 17.9%). Potential
explanations include behavioral differences (e.g., hygiene practices, sports participation, or crowding
exposures), as well as biological differences such as hormonal or immune factors.

Age-related colonization patterns have also been described globally, with higher rates observed
shortly after birth and during adolescence [16]. In African populations, additional risk factors have
been identified, including HIV infection, frequent hand-washing with harsh detergents, rural
residence, and hospitalization, particularly in surgical wards [44,45]. Conversely, higher educational
status and male sex have been reported as protective in some settings [16], suggesting that risk factors
may be context-specific and interact with socioeconomic, environmental, and cultural variables.

Antibiotic susceptibility testing in our study revealed low overall resistance rates among nasal
S. aureus isolates. However, MRSA prevalence was 7.8%, accompanied by presumptive resistance to
teicoplanin (14.1%) and vancomycin (11.7%). These findings are consistent with both local and
international studies. For example, Ceccarelli et al.[46] reported 4% MRSA prevalence, van der
Meeren et al. [23] found 15.1%, and Vubil et al. [24] documented 8% in Mozambique. Comparable
results were also seen in Pakistan, with Taqveem et al. [43] reporting 5.5%. While MRSA prevalence
appears relatively low in healthy carriers, its presence remains clinically significant because
colonization can lead to difficult-to-treat infections, especially in healthcare environments.

Comparisons with international studies underscore regional variability. Chen & Huang [47]
reported MRSA prevalences from <5% to >35% in Asian countries, Olonitola et al. [48] 14.85% in
Nigeria, Rijal et al.[49] 56.1% in Nepal, and Onanuga & Temedie [26] 27.5% in Nigeria. The variability
may reflect differences in infection control practices, antibiotic prescribing patterns, and genetic
background of circulating strains. Notably, our MRSA estimation was based on phenotypic resistance
to cefoxitin rather than molecular detection of the mecA gene, which encodes the altered penicillin-
binding protein (PBP2a). This methodological limitation means that some “phenotypic MRSA”
isolates may not carry mecA, as reported in previous studies [46,50].

The public health implications of these findings are profound. Nasal carriage of S. aureus,
particularly MRSA, is a major driver of subsequent infections, with estimates suggesting 7% of
hospitalized patients and 2% of community populations carry MRSA [17]. Furthermore, healthcare-
associated MRSA strains often display extensive multidrug resistance, whereas community-acquired
strains remain more susceptible to non-f3-lactam antibiotics[51]. This distinction is critical for guiding
empirical therapy and infection control interventions.

Our findings on glycopeptide resistance merit particular attention. Resistance to vancomycin
and teicoplanin was presumptively identified, though it is well established that conventional disc
diffusion may underestimate or misclassify resistance due to poor diffusion of large molecules in agar
[32,33]. Most studies report very low resistance rates (<11.1%) and primarily intermediate resistance
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phenotypes [34,52]. However, in African context, the intermediate resistance of S. aureus to
vancomycin has been reported in high rates (<14.5) [14,53]. Nonetheless, the global emergence of
vancomycin-resistant S. aureus (VRSA) remains a serious concern, particularly as vancomycin has
long been considered the last line of defense against MRSA infections. Teicoplanin is increasingly
viewed as a valuable alternative [33]. Our findings therefore highlight the urgent need for enhanced
surveillance and reliable confirmatory testing, especially in resource-limited settings such as
Mozambique.

This study has several limitations. First, susceptibility to vancomycin and teicoplanin was
assessed using disc diffusion, which is not recommended by CLSI guidelines [54]. Thus, our
categorization of isolates as “presumptively resistant” requires cautious interpretation and should
ideally be validated using MIC or E-test methods. However, studies by Deepak et al. [33] indicate
that disc diffusion and E-test may yield broadly comparable results, suggesting that disc diffusion
remains a pragmatic and cost-effective option where resources are constrained. Second, the relatively
small and specific study population limits generalizability, underscoring the need for larger-scale,
heterogeneous studies across diverse Mozambican populations.

In conclusion, our findings reinforce the significance of nasal carriage of S. aureus and MRSA as
reservoirs for subsequent infection and transmission. With a prevalence of 39.1% for S. aureus and
7.8% for MRSA, coupled with evidence of presumptive glycopeptide resistance, this study highlights
both the ongoing burden of colonization and the emerging threat of antimicrobial resistance in
Mozambique. Targeted surveillance, judicious antibiotic stewardship, and confirmatory testing are
essential steps in mitigating the impact of MRSA and other resistant strains. Future research should
focus on larger populations, incorporate molecular methods for resistance detection, and evaluate
the effectiveness of decolonization strategies in reducing infection rates.
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