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PREVALENCE AND ANTIBIOTIC RESISTANCE PROFILES OF STAPHYLOCOCCUS AUREUS ISOLATED FROM THE NASAL MUCOSA OF MEDICAL STUDENTS AT A UNIVERSITY CENTER IN THE NORTHWEST REGION OF THE PROVINCE OF RIO DE JANEIRO, BRAZIL

ABSTRACT

	Background and Aim: Nasal colonization by Staphylococcus aureus, particularly among healthcare workers and students exposed to hospital environments, constitutes a significant risk factor for infection and dissemination of multidrug-resistant strains such as MRSA (methicillin-resistant Staphylococcus aureus) and VRSA (vancomycin-resistant Staphylococcus aureus). This research aimed to determine the prevalence of nasal colonization by Staphylococcus aureus and to characterize the antimicrobial resistance profiles of isolates obtained from medical students at a university center in the northwest region of the province of Rio de Janeiro, Brazil.

[bookmark: _GoBack]Methods: A cross-sectional, descriptive, and observational study was conducted involving 100 medical students in the early stages of hospital exposure. Nasal swabs were collected from both anterior nares, cultured on mannitol salt agar and sheep blood agar, and incubated at 37°C. Identification of Staphylococcus aureus was based on morphological and biochemical tests. Antibiotic susceptibility was assessed by the Kirby-Bauer disk diffusion method, testing 15 antibiotics.

Results: The prevalence of nasal colonization by Staphylococcus aureus was 25%. High rates of resistance to beta-lactam antibiotics were observed (92%), with lower sensitivity to cefoxitin (20%) and oxacillin (32%). Vancomycin resistance was detected in 20% of strains, with 4% exhibiting intermediate resistance. All isolates were susceptible to linezolid. Concomitant resistance to beta-lactams and vancomycin indicates the emergence of multidrug resistance, despite susceptibility to other antibiotic such as ciprofloxacin and rifampicin.

Conclusion: The prevalence of nasal colonization by Staphylococcus aureus among medical students aligns with patterns observed in similar studies worldwide. The high resistance to beta-lactams and the presence of vancomycin-resistant strains highlights clinical challenges in infection management. Continuous surveillance, molecular characterization of resistance mechanisms, antimicrobial stewardship programs, and preventive measures, including targeted decolonization strategies, are essential to control the dissemination of clinically high-risk Staphylococcus aureus strains in healthcare settings and to protect patients and other susceptible individuals.
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1. INTRODUCTION 

[bookmark: _Hlk180063209]Staphylococcus aureus is a ubiquitous Gram-positive bacterium, with the ability to cause a broad spectrum of clinical pathologies. Despite significant advances in diagnostic and therapeutic techniques, it remains a universally distributed human pathogen and is an important agent of infections responsible for high morbidity and mortality rates [1,2,3,4]. Also present in the environment, it is also part of the human commensal microbiota, colonizing the skin and mucous membranes, most frequently the nasal region. As an opportunistic pathogen, its colonization of the nasal cavity increases the risk of infection under conditions of immune imbalance or dysbiosis of the nasopharyngeal microbiota [5,6,7,8]. Transmission occurs predominantly through direct interpersonal contact or fomites [9,10]. Colonization by Staphylococcus aureus in individuals with continuous contact with critically ill and chronic patients constitutes a significant risk factor for bacterial dissemination, especially in hospital settings [11,12].
It is estimated that approximately 20 to 40% of the healthy population are transiently or persistently asymptomatically colonized by this microorganism, particularly in the nasal mucosa and nasopharynx [5,13,14]. Among specific populations, such as medical students, the prevalence may be higher due to exposure to hospital environments, increasing the risk of becoming carriers of multidrug-resistant strains [15,16,17,18].
Asymptomatic carriers may act as vectors for Staphylococcus aureus transmission to susceptible individuals within healthcare settings [19], particularly immunocompromised patients [20,21]. Nosocomial infections caused by Staphylococcus aureus are clinically significant and require specialized attention from medical professionals, especially when caused by multidrug-resistant by strains. Multidrug-resistant Staphylococcus aureus are among the major public health problems worldwide. Infections by multi-drug resistant Staphylococcus aureus represents a clinical challenge, notably in postoperative infections, burn wounds, osteomyelitis, pneumonia, and diverse clinical syndromes progressing to sepsis [22,23,24]. Currently, the predominant multidrug-resistant strains among the population are methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Staphylococcus aureus (VRSA) [25,26,27,28]. The prevalences of MRSA and VRSA are highly variable regionally, with high rates reported in Africa and significant temporal fluctuations in other regions of the world [1]. Generally, these strains also present resistance to multiple antibiotic classes, including quinolones, tetracyclines, and macrolides, and are frequently associated with healthcare settings, although community-associated strains are also on the rise [25, 29]. In this scenario, the increasing prevalence of these multidrug-resistant strains underscores the need for robust surveillance, especially among patients, healthcare professionals, and students frequenting hospital environments [30].
Continued exposure to hospital environments may predispose individuals to colonization by nosocomial Staphylococcus aureus strains, particularly multidrug-resistant ones. Healthcare students may become carriers of these strains, as well as vectors for transmission to patients and susceptible individuals inside and outside the hospital setting [31,32,33,34,35]. The present research aimed to determine the frequency of Staphylococcus aureus colonization and the antibiotic resistance profiles of strains isolated from a potentially at-risk group: medical students exposed to hospital environments.

2. methods 
This research has a cross-sectional, descriptive, and observational design with a representative sample. It was conducted at a university center located in the northwest region of the province of Rio de Janeiro, involving medical students in the early stages of exposure to the hospital environment. Data collection occurred in May 2024. Inclusion criteria for the sample population were: active enrollment in the basic cycle of the Medicine high school, no antibiotic use in the previous six months, and voluntary participation in the research. The sample consisted of 100 students aged between 18 and 35 years. Participants provided informed consent for collection of biological material from the nasopharynx and for anonymous use of results in scientific dissemination. The procedures related to sample collection, microbiological cultivation, interpretation and analysis of results, including antibiogram, as well as the study’s relevance and objectives, were clearly explained beforehand to all volunteers.
Nasal swabs were collected from the anterior nares of the 100 students. Sampling was performed sequentially in both nostrils using the same swab, applying gentle rotational movements against the internal mucosa. Each sample was promptly inoculated onto Petri dishes containing mannitol salt agar and sheep blood agar aimed at isolating Staphylococcus aureus. The streak-plate method was employed, and plates were incubated at 37°C for 24 hours in a bacteriological incubator. Plates were further evaluated after 48 hours for bacterial growth detection.
For positive cultures, bacterial suspensions were prepared from pure colonies in sterile saline solution pre-warmed to 37°C and incubated for at least 15 minutes. Suspension turbidity was standardized to 0.5 McFarland units before inoculation onto Mueller-Hinton agar plates.
Antibiotic susceptibility profiles for Staphylococcus aureus isolates were determined using the Kirby-Bauer disk diffusion standard method, employing the commercial CEFAR antibiogram kit. Susceptibility testing followed standardized protocols as per the National Committee for Clinical Laboratory Standards. Cultures were suspended in sterile saline and turbidity adjusted to 0.5 McFarland (approximately 108 colony-forming units per milliliter). Using sterile swabs, suspensions were uniformly inoculated on Mueller-Hinton agar dishes. Paper disks impregnated with antimicrobial agents were applied to the agar surface, and plates were incubated at 37°C for 24 hours.
Preliminary bacterial identification relied on morpho-staining characteristics though Gram stain, complemented by biochemical tests including catalase, hemolysis, mannitol fermentation, tube coagulase, and deoxyribonuclease (DNase) assays. Staphylococcus aureus ATCC 29523 strain was used as the control for antimicrobial susceptibility testing.
Following incubation, zones of bacterial growth inhibition around antibiotic disks were measured using a calibrated ruler under reflected light against a dark background. Interpretation of inhibition zones was based on the cutoff values recommended by EUCAST guidelines, classifying isolates as susceptible, intermediate, or resistant. Any detectable growth within the inhibition zone was classified as resistant. The antibiotics tested were ampicillin, azithromycin, cefoxitin, ciprofloxacin, clindamycin, chloramphenicol, erythromycin, gentamicin, linezolid, oxacillin, penicillin, rifampicin, sulfamethoxazole-trimethoprim, tetracycline, and vancomycin.

3. results

The analysis of Staphylococcus aureus strains isolated from students who frequented the hospital environment was carried out following the protocol of Procop et al. [36] and Chin-Hong et al. [37], which employed morphofunctional characterization of bacterial cells and classical tests in the process of diagnosis and identification of the genus and species of the bacterium. The sampled population consisted of 46 men and 54 women. The antibiogram results showed that among the 100 samples, 25 (25%) were positive for nasal colonization by Staphylococcus aureus. 


Table 1 – Antibiotic susceptibility profile of Staphylococcus aureus positive samples obtained from the nasal mucosa of medical students at a university center in in the Northwest region of the province of Rio de Janeiro.
	[bookmark: _Hlk206841203]Antibiotic
	Class
	Resistant
	Intermediate
	Susceptible

	Gentamicin
	Aminoglycoside
	1 (4.0%)
	1 (4.0%)
	23 (92.0%)

	Cefoxitin
	Beta-lactam (Cephalosporin)
	19 (76.0%)
	1 (4.0%)
	5 (20.0%)

	Ampicillin
	Beta-lactam (Penicillin)
	23 (92.0%)
	1 (4.0%)
	1 (4.0%)

	Oxacillin
	Beta-lactam (Penicillin)
	17 (68.0%)
	0 (0.0%)
	8 (32.0%)

	Penicillin
	Beta-lactam (Penicillin)
	23 (92.0%)
	0 (0.0%)
	2 (8.0%)

	Chloramphenicol
	Phenicol
	3 (12.0%)
	3 (12.0%)
	19 (76.0%)

	Vancomycin
	Glycopeptide
	5 (20.0%)
	1 (4.0%)
	19 (76.0%)

	Clindamycin
	Lincosamide
	8 (32.0%)
	5 (20.0%)
	12 (48.0%)

	Azithromycin
	Macrolide
	6 (24.0%)
	2 (8.0%)
	17 (68.0%)

	Erythromycin
	Macrolide
	4 (16.0%)
	0 (0.0%)
	21 (84.0%)

	Linezolid
	Oxazolidinone
	0 (0.0%)
	0 (0.0%)
	25 (100%)

	Ciprofloxacin
	Quinolone
	2 (8.0%)
	3 (12.0%)
	20 (80.0%)

	Rifampicin
	Rifamycin
	1 (4.0%)
	0 (0.0%)
	24 (96.0%)

	Sulfazotrim
	Sulfonamide + Trimethoprim
	8 (32.0%)
	1 (4.0%)
	16 (64.0%)

	Tetracycline
	Tetracycline
	2 (8.0%)
	0 (0.0%)
	23 (92.0%)



4. discussion
The evaluation of antibiotic resistance profiles in Staphylococcus aureus strains colonizing the nasopharynx of medical students was conducted with the objective of assessing the potential risks associated with bacterial carriage in this population and patients in contact with them. Medical students attend hospital environments from the early years of their university studies, which increases the risk of colonization by nosocomial-origin Staphylococcus aureus strains, including methicillin- and vancomycin-resistant Staphylococcus aureus. Such colonization can turn students as carriers and potential disseminators of these resistant strains within healthcare settings and to non-hospitalized individuals, thereby contributing to the spread of antibiotic-resistant strains [38,39,40,41,42,43]. Medical students colonized by strains that are difficult to treat may also eventually develop opportunistic infections arising from nasal colonization by Staphylococcus aureus. Moreover, identifying carriers of strains with a potential to cause hard-to-treat infections is essential for the establishment of decolonization programs prior to their exposure to restricted or critical hospital environments, such as intensive care units or operating rooms [42,43,44,45].
The nasal colonization rate by Staphylococcus aureus in our research (25%) approximates the global population mean, ranging between 30% and 40% [5,13,14], which also does not differ significantly from the rates reported among healthcare professionals and students [13,46,47,48] or health science students [31,33,34,35,49,50]. The nasal colonization by Staphylococcus aureus does not essentially dependent on hospital exposure. The similar prevalence between healthcare workers, students, and the general population may be explained by the ubiquitous presence of this bacterium in human and animal populations and in the environment [13]. However, several studies pointed to different incidence rates for nasal colonization by Staphylococcus aureus among health science students in Brazil. A study at a university hospital in Londrina, province of Paraná, reported that 42.9% of healthcare professionals and students were nasal carriers of Staphylococcus aureus [16]. A Nigerian study reported 96% nasal colonization among university students [51]. A research involving health science students in São Luís, province of Maranhão, found a Staphylococcus aureus colonization prevalence of 61.45% [52]. In the province of São Paulo, a study involving nursing students found 22% colonization by Staphylococcus aureus [53], a prevalence comparable to that observed in our research. Incidence rates substantially above the norm warrant investigations into inadequate hygiene practices among students in hospital settings [54], recent antibiotic use facilitating colonization by hospital strains, or succession of nasopharyngeal strains consequent to dysbiosis of the nasal microbiota [55].
Resistance, intermediate resistance, and susceptibility rates for each antibiotic were similar between samples from both genders, and infection rates showed no statistically significant difference between male and female students. No statistically significant differences were found for colonization rates or resistance profiles across age groups, possibly due to the small sample size. Coincidence of resistance profiles was observed among the analyzed samples. Three pairs of antibiogram profiles presented the same results, indicating the same patterns of resistance, intermediate resistance, and susceptibility across all tested antibiotics. Such coincidences may suggest that certain Staphylococcus aureus clones with similar resistance profiles circulate among the sampled individuals, potentially shared among students, between students and others in the hospital environment, or reflecting prevalent community bacterial lineages. Similar resistance profiles reinforce evidence of epidemiological patterns or common origins of these strains.
The results demonstrated a high rate of resistance to beta-lactam antibiotics among samples positive for nasal colonization by Staphylococcus aureus (92%). Resistance to this antibiotic class is a critical factor in the antibiogram profiles evaluated. Among beta-lactams, the highest susceptibility rates were to cefoxitin (24%) and oxacillin (16%); nevertheless, these rates remain substantially lower compared to antibiotics from other classes tested. This finding suggests that empirical treatment using traditional penicillins and cephalosporins would likely be ineffective in most cases of opportunistic infection.
Traditionally, beta-lactams are used for empirical antibiotic therapy of suspicious or confirmed Staphylococcus aureus infections. The emergence of methicillin-resistant Staphylococcus aureus (MRSA) strains in the last decades became a new challenge to the use of this antibiotic class. Although methicillin resistance was not disponible in the used antibiogram kit in our research, the high prevalence of beta-lactam-resistant Staphylococcus aureus strains indicates a possible elevated rate of methicillin resistance. Most MRSA strains share resistance mechanisms to methicillin and other beta-lactam antibiotics, primarily through acquisition of the mecA gene, which encodes the penicillin-binding protein 2a (PBP2a) [56,57,58,59]. Presence of this gene is hallmark for MRSA, with its detection considered the gold standard for identifying methicillin resistance [56]. Studies over the world demonstrated that MRSA strains can exhibit high resistance levels to beta-lactams, with some reporting 100% resistance to traditional beta-lactams such as ampicillin and penicillin [56,60,61,62]. Given that none of the strains isolated in our research showed resistance to beta-lactams concomitantly with resistance to other antibiotic classes, indicating multidrug resistance, treatment of these asymptomatic colonization with antibiotics is not recommended. Even in possible treatment of opportunistic infections, recent protocols suggest using antibiotics to which strains exhibit susceptibility, followed by adjustments and evaluation based on clinical response and antibiogram monitoring throughout treatment [63,64,65]. Considering the sensitivity profiles found, individualized antibiogram testing should precede prescription of clindamycin, azithromycin, sulfamethoxazole-trimethoprim, and cefoxitin, to which isolated strains exhibited variable susceptibility.
Vancomycin-resistant Staphylococcus aureus (VRSA), a variant of significant clinical interest, was found in 5 (20%) of positive samples, or 5% of the total studied population, while one sample (4%) exhibited intermediate resistance to vancomycin. Although the VRSA rate is comparable to that reported in some international studies [66,67,68,69], these finding warrants attention since vancomycin is often a last-resort therapeutic agent for treating severe infections caused by multidrug-resistant strains, particularly MRSA [70,71,72,73]. VRSA strains are considered uncommon; vancomycin resistance involves complex genetic changes, such as mutations in genes governing cell wall biosynthesis and regulatory systems, which are less frequently observed and require very specific conditions for emergence [74,75,76,77]. Even intermediate vancomycin resistance in Staphylococcus aureus is rare globally [78]. However, VRSA infections are associated with increased morbidity, mortality [79,80].
Among the five vancomycin-resistant positive samples, four exhibited resistance to all beta-lactams. One sample was sensitive to oxacillin. One sample, which presented intermediate resistance to vancomycin, also showed intermediate resistance to ampicillin and cefoxitin, and was resistant to oxacillin and penicillin. Considering the overall profile of Staphylococcus aureus positive for nasopharyngeal colonization in medical students, a high rate of beta-lactam resistance—suggestive of possible methicillin resistance—was verified, along with the finding that 24% of isolates showed some degree of vancomycin resistance. All or these strains were susceptible to ciprofloxacin, rifampin, and linezolid, and susceptible to other commonly used antibiotics. This pattern is paradoxical because vancomycin is a last-line antibiotic used precisely to treat infections caused by beta-lactam and other antibiotic-resistant strains, particularly MRSA. The simultaneous presence of resistance to beta-lactams and vancomycin represents a concerning bacterial evolution with increasingly difficult-to-treat strains, yet still sensitive to other less frequently used drug classes. This finding suggests possible inappropriate antibiotic use or misguided strategies that select for these specific resistance mechanisms [81,82]. On the other hand, susceptibility to a diversity of antibiotic classes observed in all samples provides alternative treatment options in eventual opportunistic infections. This pattern highlights the need for intensified investigation of local epidemiology, including hospital settings, as well as a thorough review of rational antibiotic use protocols, both in the context of empirical therapy and in guideline development based on antibiogram results.
Linezolid was the only antibiotic tested to which all Staphylococcus aureus isolates were susceptible. This antibiotic is endorsed as a valuable alternative in cases of multidrug resistance or for MRSA and VRSA strains [70,83]. Thus, in the event of an opportunistic infection by colonizing strains, linezolid should be preserved as a last-line antibiotic alternative. Given that all strains were sensitive to other antibiotic classes, the recommended antimicrobial stewardship approach is to initiate treatment according to antibiogram results with less specific antibiotics, such as gentamicin and ciprofloxacin, which showed high sensitivity rates among tested samples. The recent emergence of MRSA and VRSA linezolid-resistant strains [84,85] underscores the need for antibiotic stepwise protocols aligned with the most appropriate options based on sensitivity profiles to other antibiotics. Aligned with Saito et al. [86] recommendations, that MRSA colonization should be screened using swabs and PCR as a management strategy to reduce morbidity and costs associated with overuse or inappropriate use of vancomycin and other anti-MRSA therapies; identification of susceptibility profiles by conventional or automated antibiogram or by next-generation sequencing methods should be an initial step toward effective antibiotic administration before reserving antibiotics like linezolid.
The present research’s findings indicate that prospective investigations addressing various aspects are necessary to elucidate colonization dynamics and infection risks by Staphylococcus aureus among medical students and their close contacts. Factors such as the relationship between colonization and individual or environmental risk factors, occupational risk mitigation strategies, epidemiological characteristics, community-wide sensitivity profiles, and evaluation of decolonization strategies before exposure to critical or restricted hospital units should be explored. Among the limitations of this study, we note the exclusive use of traditional methods for bacterial identification and antibiotic sensitivity testing without molecular confirmation of resistance mechanisms, such as mecA gene detection. However, the results constitute a foundational basis for proposing longitudinal studies to monitor colonization and resistance dynamics throughout medical training, as well as for interventions aimed at surveillance and prevention of colonization by clinically significant nosocomial strains.


5. CONCLUSION

This research demonstrated that nasal colonization by Staphylococcus aureus among medical students at a university center in the northwest region of Rio de Janeiro exhibits a prevalence consistent with that reported in similar populations. However, considering the occupational activity of this group as a potential reservoir and vector for dissemination of antibiotic-resistant bacterial strains, continuous monitoring of antibiotic susceptibility profiles and the potential need for decolonization prior to exposure to critical or restricted hospital units is warranted.

The high observed resistance rate to beta-lactam antibiotics, as well as the detection of strains exhibiting partial or full resistance to vancomycin, raises concerns regarding the increasing challenges in treating opportunistic infections caused by multidrug-resistant strains. Nevertheless, the universal susceptibility of isolates to linezolid and the relative sensitivity to other antimicrobial classes indicate multiple therapeutic alternatives for potential clinical cases, as well as diverse possibilities for decolonization strategies.

These findings underscore the necessity for rigorous epidemiological surveillance strategies, including the proposed implementation of molecular investigation protocols for improved characterization of resistance mechanisms, as well as antimicrobial stewardship programs and ongoing education for health science students. 
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