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The emergence of community-acquired methicillin-resistant Staphylococcus 
aureus (CA-MRSA) infections at the end of the 20th century represents a significant 
shift in the epidemiology of staphylococcal infections and, consequently, their 
clinical management. There are diverse CA-MRSA clones that are widely spread 
worldwide, showing differences in their regional dissemination, which has 
been dynamically changing over time. Although the first CA-MRSA description 
occurred about 30  years ago, its epidemiology in certain regions, such as South 
America, has been poorly explored, resulting in a gap in the understanding of the 
epidemiology of CA-MRSA in under-represented countries/regions. This report 
describes the first four clinical cases of invasive infections caused by CA-MRSA 
in a tertiary hospital in the central-southern region of Chile. It also associates the 
clinical characteristics of the infections with the microbiological and molecular 
features of the isolates. The four S. aureus isolates belong to sequence type 8, 
which has been widely described as a cause of community-acquired infections. 
All of them presented a wide resistome and virulome. Additionally, in two of 
them, it was possible to reconstruct the COMER genetic element, present in the 
USA300-Latin American variant clone. Considering these findings, it is crucial 
to prepare for a potential increase in invasive CA-MRSA infections in Chile. This 
would involve enhancing current surveillance systems and maintaining a low 
threshold of suspicion for these infections among clinicians.
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Introduction

Staphylococcus aureus poses a significant challenge as a bacterial 
pathogen, causing a diverse array of infections in human medicine. In 
2017, methicillin-resistant strains, designated as MRSA, have been 
designated as priority pathogens by the World Health Organization 
due to their considerable impact on public health (1, 2). MRSA strains 
were initially identified in 1961 within hospital settings associated to 
infections, and they were termed as hospital-acquired S. aureus 
(HA-MRSA) (3, 4). However, since the 1990s, novel MRSA clones 
designed as community-acquired (CA-MRSA) have emerged globally, 
which are distinct genetically from HA-MRSA, and importantly, they 
to affected healthy individuals in community settings (5).

Epidemiologically, the molecular analysis of MRSA strains unveils 
a multifaceted and evolving landscape, delineating distinct 
predominant genetic lineages present in different geographic regions 
and environmental contexts. Moreover, there exists a continual 
emergence of successful clones that replace previous lineages, 
observed across both hospital and community environments (6). 
Distinguishing themselves from HA-MRSA, infections stemming 
from CA-MRSA strains manifest in individuals previously deemed 
healthy and devoid of exposure to healthcare facilities. These 
infections frequently target specific demographics, encompassing 
pediatric cohorts, military personnel, men who have sex with men 
(MSM), participants in contact sports, inmates in prisons, among 
others (7).

In Latin America, CA-MRSA isolates were first described during 
the early 2000s (8). Currently, the population structure of CA-MRSA 
exhibits significant diversity, encompassing variants such as USA300, 
USA300-Latin American variant (USA300-LV), ST30-SCCmec IV, 
and ST5-SCCmec IV clones (3).

For decades in Chile, there persisted a pronounced dichotomy in 
the epidemiology of staphylococcal infections, characterized by a 
distinct prevalence of strains susceptible to antistaphylococcal 
penicillins in community-acquired infections. Conversely, HA-MRSA 
infections were associated to the predominant Chilean-Cordobes 
clone (ST5-SCCmec I) (9, 10). Despite the historical predominance of 
HA-MRSA clones in Chile, the first cases of infections caused by 
CA-MRSA in the country were documented in 2006 (11). 
Subsequently, the identification of CA-MRSA cases has exhibited a 
consistent rising trend, as indicated by data from the National 
Surveillance Program of the Instituto de Salud Pública de Chile 
(ISPCh).1

Despite the lack of comprehensive epidemiological investigations 
on CA-MRSA infections in Chile, infectious disease experts regularly 
encounter invasive infections originating from this pathogen, 
representing a novel challenge within clinical practice. Consequently, 
we present a case series of four infections caused by CA-MRSA strains 
in a tertiary hospital situated in the Central-South region of Chile. 
This series delineates the infection’s characteristics, clinical prognosis, 
the molecular epidemiology, and molecular features of the isolates.

All cases that fulfilled the epidemiological criteria for CA-MRSA 
infection were identified from the local hospital registry of 

1 https://www.ispch.cl/sites/default/files/BoletinStahylococcusResistente-

20062018A%20(1).pdf

staphylococcal bacteremias. Following this, comprehensive clinical 
records were extracted from the electronic database of the hospital. 
Then, species identification and susceptibility tests were carried out by 
the automatized platforms Vitek MS (bioMérieux®) and Vitek 2 
(bioMérieux®), respectively. Afterwards, the four CA-MRSA isolates 
underwent whole-genome sequencing (WGS) at SeqCenter Inc.2 
utilizing the Illumina NextSeq 2000 platform. After sequencing, the 
raw reads generated were assembled using SPAdes v3.15.4. Following 
this, the SCCmec and Spa-type of the isolates were determined using 
the SCCmecFinder v1.2 tool3 and spaTyper v1.04 provided on the 
Center for Genomic Epidemiology (CGE) server.

Additionally, the sequence types (STs) of the isolates were 
determined using the MLST tool accessible on the Galaxy Australia 
platform.5 Regarding the screening for resistance and virulence genes, 
ABRicate v1.0.1 was employed, utilizing the NCBI Bacterial 
Antimicrobial Resistance Reference Gene Database for resistance 
genes and the Virulence Factor Database (VFDB) for virulence genes.

Besides, genes related to copper and mercury resistance (COMER) 
and arginine catabolic mobile (ACME) elements, specifically copA, 
argR, arcABCD-locus, speG genes for COMER, and merABR locus, 
mco, lysR, abi, MFS genes for ACME elements, were identified via 
BLAST analysis. Subsequently, these elements were reconstructed in 
silico utilizing the Geneious Prime software (version 2023.2.1) from 
BiomattersⓇ. The genomes of S. aureus CA12 (GenBank accession 
number CP007672) and USA300 FPR3757 (GenBank accession 
number CP000255) were used as references for this process.

Furthermore, a phylogenetic tree was constructed, incorporating 
ten genomes of MRSA ST8 isolates from Chile, previously deposited 
in the Pathogen Watch database.6 Additionally, genomes of the 
ST8-USA300 (accession number NKCW01000010.1) and 
ST8-USA300-LV (Latin American variant, accession number 
CP007672.1) clones were included as reference sequences. Finally, the 
phylogenetic tree was constructed by aligning the core genome of the 
isolates using Roary v3.13.0, followed by the extraction of single 
nucleotide polymorphisms (SNPs) utilizing the SNP-sites tool (12). 
Subsequently, IQ-Tree was employed to generate the tree, and the final 
visualization and editing were performed using the interactive Tree of 
Life (iTOL) tool (13).

Case 1

A 26-year-old patient, overweight, presented at the emergency 
department with a three-day history of progressively worsening lower 
back pain accompanied by febrile symptoms. Additionally, the patient 
reported difficulty walking, with no other notable symptoms. Upon 
admission, the patient exhibited a fever (38.2°C) and tenderness in the 
lumbosacral and right gluteal regions upon palpation. Limited hip 
flexion on the ipsilateral side was also noted. Subsequently, a computed 
tomography (CT) scan was performed, revealing heterogeneous 
enhancement of the right psoas-iliac region, along with inflammatory 

2 https://www.seqcenter.com/

3 Available at: https://cge.food.dtu.dk/services/SCCmecFinder/.

4 Accessible at: https://cge.food.dtu.dk/services/spaTyper/.

5 https://usegalaxy.org.au

6 https://pathogen.watch/
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changes in the surrounding tissues and erosion of the right sacroiliac 
joint (Figure 1A).

Upon admission, a blood chemistry panel, complemented with a 
complete blood cell count and blood cultures, was conducted, 
revealing the presence of Gram-positive cocci bacteria after 13.5 h of 
incubation (Table 1). Then, empirical antibiotic therapy with cefazolin 

was promptly initiated and later replaced by vancomycin upon 
confirmation of a MRSA isolate. For a more precise assessment of the 
lesions, a magnetic resonance imaging (MRI) study was performed, 
confirming acute right sacroiliitis and collections in the psoas-iliacus 
muscle, right gluteus maximus, and right paravertebral musculature 
(Figure 1B). Additionally, echocardiographic assessment revealed no 

FIGURE 1

(A) Coronal section of the pelvic computed tomography (CT) scan, showing bone erosions and fragmentation of the right sacroiliac joint (red arrow). 
(B) Axial section of the pelvic (T2-weighted MRI) evidencing synovitis, osteitis, and erosions of the right sacroiliac joint (yellow arrows) in continuity with 
periarticular collections (green arrows). (C) An erythematous plaque with multiple pustules in the posterior cervical region concordant with 
staphylococcal anthrax (light blue arrow). (D) A deep right paravertebral cervical abscess is observed on the axial T2-weighted MRI (white arrows), 
associated with increased soft tissue signal congruent with a phlegmon (asterisk). PS, presacral space; GM, gluteus maximus.

TABLE 1 Clinical characteristics and laboratory parameters of the patients with infections caused by CA-MRSA.

Case Primary 
site 
(infection)

Blood 
cultures at 
admission

Follow 
up blood 
cultures

WBC 
(x103/

μL; 
4–10)

CPR 
(mg/
dL; 

<1.0)

PCT 
(ng/
mL; 

<0.05)

Lactate 
(mg/dL; 

4.5–
19.8)

SCr 
(mg/
dL; 

0.7–
1.3)

Antibiotic 
therapy

Outcome

1 Osteoarticular Positive Negative 18.4 33.2 0.45 5.8 1.22 Vancomycin 

6 weeks 

followed by 

linezolid 

6 weeks

Alive

2 Skin/soft tissue Positive Positive 28.2 28.9 - 14.5 1.19 Vancomycin 

6 weeks 

followed by 

linezolid 

6 weeks

Alive

3 Lung Positive - 8 13.1 44.95 48.4 1.09 Vancomycin Dead

4 Lung Positive Negative 2.6 17.5 48.49 30.8 1.72 Vancomycin Dead

WBC, white blood cell count; CPR, C protein reactive; PCT, procalcitonin; SCr, serum creatinine. Normal values are indicated in parenthesis.
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signs of infective endocarditis. Subsequently, the patient underwent a 
six-week course of vancomycin therapy, followed by another six weeks 
of oral treatment with linezolid, resulting in complete resolution of 
the lesions.

Additionally, the molecular analysis of the CA-MRSA isolate 
(008UDEC) recovered from this patient revealed that it belongs to the 
ST8 and the presence of the SCCmec IVb element. Notably, this isolate 
lacked the ACME and COMER elements, as indicated in the 
Supplementary Figure S1. In addition to the mecA gene found within 
the SCCmec element, the 008UDEC isolate contained the fosB and tet 
(38) genes, conferring resistance to fosfomycin and tetracycline, 
respectively. Of particular interest, within its extensive virulome, this 
isolate was distinguished by the presence of the eta gene, encoding an 
exfoliative toxin (14), which may enhance the virulence potential of 
this strain.

Case 2

A 55-year-old male patient, with a history of coronary artery 
disease, type 2 diabetes mellitus, and obesity, presented at the 
emergency department with a 7-day history of pain, swelling, and 
redness in the posterior cervical region, accompanied by feelings of 
feverishness and severe malaise. These symptoms gradually developed 
after a superficial lesion with scissors at a barbershop. Additionally, 
he experienced sudden-onset dyspnea and retrosternal pleuritic pain, 
prompting him to seek medical attention. Upon physical examination, 
an erythematous cervical lesion was observed, highly tender upon 
palpation, exhibiting local warmth and multiple pustules (Figure 1C).

Subsequently, the patient was admitted to the surgical unit with a 
diagnosis of cervical abscess. Blood cultures were obtained whereas 
empirical antibiotic therapy with ceftriaxone and metronidazole was 
initiated. Initial investigations indicated the absence of ischemic 
changes on electrocardiography, along with a notable elevation in 
blood inflammatory markers (Table 1).

Due to pleuritic chest pain exacerbated by inspiration, a neck and 
chest CT angiography was conducted, unveiling thrombosis of the 
right internal jugular vein. Additionally, inflammatory changes were 
observed in the right cervical and parotid muscle planes, and a 
confirmed diagnosis of right basal segment pulmonary embolism was 
made, suggestive of Lemierre-like syndrome. Subsequently, blood 
cultures yielded positive results after 11 h, indicating the presence of 
Gram-positive cocci in clusters. Consequently, the antibiotic regimen 
was modified to cefazolin and later changed to vancomycin following 
confirmation of MRSA growth in the final culture.

Furthermore, a cervical spine MRI confirmed the presence of a 
paravertebral posteromedial cervical abscess with posterior epidural 
intraspinal extension, paravertebral muscle edema, and a small 
prevertebral collection (Figure 1D). Subsequently, surgical drainage 
was performed, yielding abundant pus emanating from the paraspinal 
muscles and epidural space, with evident macroscopic involvement of 
the bone. Cultures obtained from the drainage revealed the growth of 
a MRSA isolate. Biopsy results indicated active chronic inflammation 
and focal necrosis of the muscle tissue. The patient underwent a 
six-week course of intravenous therapy with vancomycin, followed by 
an additional six weeks of oral linezolid, resulting in a successful 
clinical outcome.

Furthermore, molecular analysis of the CA-MRSA strain collected 
(014UDEC) indicated that it belongs to the ST8, akin to the previous 
case. Additionally, this isolate harbored the SCCmec IVb cassette and 
the COMER element, as detailed in the Supplementary Figure S1. 
Similarly to the 008UDEC isolate, 014UDEC possessed the 
fosfomycin-resistance gene fosB and the tetracycline-resistance gene 
tet (38), alongside the mecA gene found within the SCCmec cassette. 
Furthermore, it exhibited a diverse virulome, encompassing numerous 
genes implicated in adhesion, immune system evasion, siderophores, 
and exotoxins/exoenzymes, as outlined in the Supplementary Figure S1. 
Interestingly, this isolate was not typeable by the spa typing scheme.

Case 3

A 27-year-old female patient with a history of untreated asthma, 
who was incarcerated, was brought to a tertiary hospital from the 
prison due to a five-day history of fever, myalgias, asthenia, and 
adynamia, accompanied by worsening respiratory distress over the 
last 24 h. Upon arrival at the emergency department, she was 
conscious but severely dyspneic, with an oxygen saturation of 86% 
while receiving additional oxygen supplementation via low-flow nasal 
cannula (FiO2: 0.4). Furthermore, her heart rate was 123 beats per 
minute, and her body temperature was 37.6°C. Physical examination 
revealed crackles in the left lung base and diffuse wheezing. Following 
admission, she received high-flow oxygen therapy (FiO2: 1), parenteral 
corticosteroids, and bronchodilator therapy. Moreover, a portable 
chest X-ray confirmed multifocal pneumonia (Figure 2A).

Additionally, respiratory-virus molecular testing, along with 
blood and sputum cultures, were conducted, while empirical antibiotic 
therapy with piperacillin-tazobactam was initiated. However, the 
patient’s condition rapidly deteriorated, necessitating mechanical 
ventilation and transfer to the intensive care unit (ICU). Due to her 
clinical instability, a chest CT could not be  performed. Baseline 
laboratory tests are summarized in Table 1, confirming influenza B 
infection, prompting the addition of oseltamivir to her treatment 
regimen. Given her severe respiratory distress, extracorporeal 
membrane oxygenation (ECMO) support was initiated. After 14 h of 
incubation, blood cultures yielded positive results, indicating the 
presence of Gram-positive cocci in clusters. Consequently, the 
empirical antibiotic regimen was adjusted to include vancomycin. 
Both blood cultures and sputum cultures were positive for MRSA 
(vancomycin minimum inhibitory concentration [MIC] ≤ 0.5 μg/mL). 
On her second day in the ICU, the patient also required high-volume 
hemofiltration. Unfortunately, in the subsequent days, the patient’s 
condition deteriorated further, culminating in multiple organ failure, 
and the patient died on the fifth day of hospitalization due to 
systemic failure.

Molecular analysis of the CA-MRSA strain (005UDEC) recovered 
from the patient revealed that it was part of the ST8 lineage, as detailed 
in the Supplementary Figure S1. Additionally, it was found to harbor 
the SCCmec IVb cassette containing the mecA gene. Moreover, this 
strain contains the COMER element, while ACME was found to 
be absent. In terms of antibiotic resistance genes, the resistome of this 
strain is larger compared to other isolates included in this case series, 
as it also contains the aminoglycoside resistance genes aph (2″) and 
aph (3′)-IIIa.

https://doi.org/10.3389/fmed.2024.1365756
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Aguayo-Reyes et al. 10.3389/fmed.2024.1365756

Frontiers in Medicine 05 frontiersin.org

Case 4

A 41-year-old male patient, with a history of active smoking and 
no other chronic conditions, presented with a one-month history of a 
cutaneous abscess in the left gluteal region. Despite undergoing 
different antibiotic regimens and wound care, the abscess did not 
show improvement.

The patient requested medical attention at a tertiary hospital due 
to a five-day history of cough, progressive dyspnea, myalgias, profound 
malaise, and, on the last day, hemoptysis. Upon admission to the 
hospital, the patient presented with severe respiratory failure, 
hypotension, and signs of poor perfusion, necessitating noradrenaline 
support and supplemental oxygen via high-flow nasal cannula. 
Furthermore, blood cultures were obtained immediately upon 
admission to the intensive care unit (ICU), where the patient was 
promptly intubated. Initial empirical antibiotic therapy comprised a 
single dose of piperacillin-tazobactam, followed by administration of 
vancomycin and imipenem-cilastatin. Baseline laboratory tests are 
detailed in Table 1.

Additionally, a chest CT scan unveiled extensive necrotizing 
pneumonia (Figure 2B). Subsequently, a bronchoalveolar lavage was 
conducted, uncovering active bleeding from the left lower lobe and 
highly inflamed bronchial mucosa. The patient’s condition continued 
to deteriorate, characterized by coagulopathy and oliguria, 
necessitating the addition of a second vasoactive drug to achieve the 
macro hemodynamic goals. Additionally, hemofiltration was initiated.

Relevantly, an influenza B co-infection was confirmed, and a 
preliminary report from the microbiology laboratory indicated the 
presence of Gram-positive cocci in peripheral blood cultures. 
Consequently, oseltamivir was added to the treatment regimen, while 
antibiotic therapy remained unchanged. Both bronchoalveolar lavage 
and blood cultures confirmed the growth of MRSA. Following 
evaluation by the infectious diseases team, vancomycin and 
oseltamivir were continued, while the imipenem-cilastatin treatment 
was ceased. Additionally, plasma vancomycin levels were monitored, 
and adequate pharmacokinetics-pharmacodynamics targets were 
achieved. Transthoracic echocardiography showed no signs of 
infective endocarditis, and fundoscopy revealed normal findings. 

Unfortunately, despite the therapeutic measures implemented, the 
patient developed multiple organ failure and died on the fourth day 
of hospitalization.

In this case, molecular analysis of the CA-MRSA strain 
(004UDEC) showed that it belongs to the ST8 and carries the mecA 
gene within an SCCmec IVb cassette. Notably, the strain lacked both 
the COMER and ACME elements (Supplementary Figure S1). 
Furthermore, it harbored the fosB and tet (38) genes, similarly to the 
other isolates included in this study. Additionally, virulence genes 
detected in 004UDEC included those involved in adhesion, immune 
system evasion, siderophores, and exotoxins/exoenzymes 
(Supplementary Figure S1).

Discussion

For many years in Chile, the traditional dichotomy in 
staphylococcal infections persisted, wherein the presence of MRSA 
was primarily observed in healthcare facilities, characterized by the 
dominance of the Chilean-Cordobes clone (ST5/SCCmec I) (11, 15). 
In contrast, community-acquired infections were usually caused by 
methicillin-susceptible S. aureus (MSSA) strains. However, this 
duality is apparently changing associated to the emergence of 
CA-MRSA infections recently described in the country (11, 15).

In this regard, the implementation of a surveillance program by 
the ISPCh has revealed a rising trend in  local cases of MRSA 
infections. Despite the absence of robust data, current evidence reveals 
a diversification of MRSA lineages in Chile, encompassing both 
hospital-acquired and community-acquired infections, mirroring 
trends observed in other countries (9).

Considering the aforesaid context, the clinical cases described 
here demonstrate all the classic clinical characteristics associated with 
CA-MRSA infections, such as patients with no history of contact with 
healthcare facilities, no prior antibiotic usage, absence of invasive 
medical procedures, typically involving young individuals with low 
associated morbidity. Furthermore, one of the cases affects a frequently 
identified risk group: individuals residing in prisons (16). 
Furthermore, the four cases were characterized by severe clinical 

FIGURE 2

(A) Chest X-ray image revealing a consolidative opacity throughout the entire left lower lobe (white asterisk) and multiple alveolar filling opacities in the 
upper right lobe (red asterisk). (B) Chest computed tomography (CT) scan revealing consolidated and ground-glass opacities in the left lower lobe with 
the presence of pneumatoceles (red arrow), consistent with necrotizing pneumonia.
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symptoms, notably complicated skin and soft tissue infections, 
osteomyelitis, and necrotizing pneumonias. These clinical 
presentations align strongly with those widely described in the 
medical literature for CA-MRSA infections (7, 17).

Notably, both fatal cases described in our study were associated 
with patients who had a concomitant viral influenza co-infection. This 
phenomenon increases the likelihood of a secondary pulmonary 
infection by colonizing S. aureus, which occurs due to the damage 
inflicted on the respiratory epithelia by the influenza virus, thereby 
facilitating the subsequent spread of colonizing S. aureus from the 
nasal cavity to the lungs (18, 19).

The increased virulence observed in these strains is likely the 
consequence of a multifaceted interplay of multiple factors, therefore, 
it cannot be solely attributed to the presence or absence of any specific 
genetic determinant. Instead, it is likely influenced by a combination 
of genetic, environmental, and host-related factors, contributing to the 
overall pathogenicity of the strains (7). In this context, following the 
rise of CA-MRSA, it has been proposed that the presence of the 
Panton-Valentine leukocidin (PVL) might contribute to the increased 
virulence of these isolates. However, while PVL has consistently been 
epidemiologically associated with community clones, its sole presence 
does not fully account for the heightened severity of clinical 
presentations caused by CA-MRSA (3, 20).

Alarmingly, the potential impact of CA-MRSA infections is 
notable, especially in non-industrialized nations like Chile. In this 
sense, considering the data generated after the emergence of the 
USA300 clone in the United States during the 2000s, it is crucial to 
acknowledge the potential rise not only in the severity of infections 
but also in their overall incidence. This underscores the importance of 
vigilant surveillance, robust infection control measures, and prompt 
intervention strategies to mitigate the impact of such scenario (21).

Furthermore, given the potential impact on young, healthy 
individuals in their productive years, the economic consequences of 
CA-MRSA infections could be even more substantial. In addition to 
the direct healthcare costs associated, there may be  indirect costs 
related to lost productivity, absenteeism from work or school, and 
long-term disability. Therefore, effective prevention and control 
measures are essential not only for public health but also for 
maintaining economic stability and productivity in affected 
communities (22).

From the clinical point of view, physicians must maintain 
vigilance for these clinical presentations, familiarize themselves with 
CA-MRSA infections, and be prepared to adjust empirical therapies 
when necessary. It is noteworthy that while empirical therapy did not 
initially cover MRSA in the first two cases described in this article, the 
approach improved in the two subsequent cases, which reflect the 
adjustment of the treatments in consideration of the previous cases. 
Importantly, in developing countries, such as Chile, rapid laboratory 
techniques for early diagnosis of resistance mechanisms are not widely 
available. Therefore, the selection of empirical therapies continues to 
rely on physician judgment as long as this situation persists. This 
underscores the importance of ongoing education and awareness 
efforts among healthcare professionals to ensure timely recognition 
and appropriate management of CA-MRSA infections.

In terms of molecular epidemiology, the population structure of 
S. aureus is characterized by high diversity and dynamism, evident in 
both nosocomial and community-acquired infections. This diversity 
reflects the complex interplay of diverse factors, including genetic 

evolution, transmission dynamics, host-pathogen interactions, and 
environmental influences. Understanding and monitoring this 
molecular diversity are essential for effective infection control 
measures, treatment strategies, and public health interventions aimed 
at mitigating the spread and impact of S. aureus infections (23). 
Considering the above, it has been observed that certain S. aureus 
clones are replace by others, emerging as new dominant lineages in a 
highly dynamic process. Consequently, this dynamic clonal 
replacement gives rise to a profoundly heterogeneous global 
epidemiological landscape. Factors contributing to this complexity 
include the emergence of novel genetic variants, selective pressures 
from antimicrobial use, changes in healthcare practices, population 
movements, and adaptation to different ecological niches. 
Understanding these dynamics is crucial for effectively managing and 
controlling S. aureus infections on a global scale (3). Accordingly, a 
notable illustration of this dynamism is the emergence of CA-MRSA 
infections in the United States during the 1990s. Initially, the USA400 
clone was predominant in these infections. However, it was 
subsequently displaced by one of the most successful clones described 
to date, namely USA300. This replacement underscores the fluid 
nature of S. aureus epidemiology and highlights the capacity of certain 
clones to outcompete others and become dominant lineages over time 
(6). The factors driving this phenomenon are not fully elucidated; 
however, a range of aspects associated with the microorganism, the 
environment, and human activity appear to play a relevant role. These 
factors include the acquisition of a smaller SCCmec chromosomal 
cassette compared to the classic SCCmec element, which may enhance 
bacterial fitness. Additionally, the acquisition of certain virulence 
factors, such as the arginine catabolic mobile element (ACME) in the 
USA300 clone, may promote colonization and contribute to the 
success of specific clones in causing infections. Furthermore, antibiotic 
resistance genes and heavy metal resistance determinants, such as the 
copper and mercury resistance (COMER) element found in the Latin 
American variant of USA300, also contribute to the factors influencing 
the emergence of specific lineages. These genetic elements confer 
resistance to antimicrobial agents and environmental stresses, thereby 
enhancing the adaptability and survival of certain strains in diverse 
ecological niches (7, 24, 25). Additionally, population migration has 
been identified as a factor facilitating the introduction of successful 
clones into new geographic regions. Population movements can lead 
to the spread of particular strains to previously unaffected areas, 
thereby contributing to the dissemination and establishment of 
specific lineages in different populations and geographical locations 
(26). This phenomenon underscores the interconnectedness of global 
health and highlights the importance of considering migration 
patterns in understanding the epidemiology and transmission 
dynamics of infectious diseases like S. aureus.

Furthermore, our analysis revealed that all CA-MRSA strains 
described in this study belong to the ST8-SCCmec IV lineage. This 
lineage is frequently associated with community-acquired infections 
globally, with a notable prevalence in the American continent. This 
observation underscores the widespread distribution and clinical 
significance of the ST8-SCCmec IV lineage in the context of 
CA-MRSA infections (3, 7, 27). In this context, the primary lineages 
of community-acquired methicillin-resistant CA-MRSA are the 
USA300 and its Latin American variant (USA300-LV). These lineages 
share a common ancestor and have exhibited extensive dissemination. 
Notably, these clones have demonstrated remarkable success in 
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various geographic regions, including North America and northern 
South America, specifically Colombia, Venezuela, and Ecuador. This 
widespread distribution underscores the adaptability and virulence of 
these lineages across diverse populations and geographical settings 
(24). One distinguishing feature of USA300-LV is the presence of the 
genetic element COMER, which confers resistance to copper and 
mercury that is absent in USA300. Consequently, the presence of the 
COMER element in USA300-LV may play a significant role in its 
dissemination and stability, potentially contributing to its success in 
diverse geographic areas. The ability to withstand environmental 
stresses, such as heavy metal exposure, could enhance the survival and 
persistence of USA300-LV in various ecological niches, thereby 
influencing its spread and establishment in different populations (24).

The migration of populations from regions with a high prevalence 
of the USA300-LV variant is identified as a potential contributing 
factor to its spread. This migration pattern may significantly impact 
the epidemiology of CA-MRSA infections in Chile, particularly due 
to the substantial migratory movement within the country.7 As 
individuals move between countries, they may carry USA300-LV 
strains with them, introducing these strains into new regions and 
potentially leading to localized outbreaks or sustained transmission in 
the receiving populations. However, further epidemiological studies 
involving a larger number of strains are necessary to more clearly 
delineate which clones are predominant in the region and to 
comprehensively understand the evolutionary dynamics of the 
process. This holistic approach is essential for informing targeted 
interventions, enhancing surveillance efforts, and effectively managing 
MRSA infections in the region.

In terms of molecular epidemiology, all isolates were identified as 
belonging to the ST8 lineage. However, strains 004UDEC and 
008UDEC lack the arginine catabolic mobile element (ACME) and 
copper and mercury resistance (COMER) elements. These elements 
are typically harbored by the highly successful USA300 and 
USA300-LV international clones, respectively. This distinction 
underscores the genetic diversity within the ST8 lineage and suggests 
potential differences in virulence and resistance profiles among the 
strains observed in this study (24). Furthermore, strains 004UDEC 
and 008UDEC were found to contain the SCCmec IVb element, which 
differs from the SCCmec elements normally associated with USA300 
and USA300-LV, as well as from other Chilean isolates included in the 
study. These findings suggest that these isolates are diverging from the 
predominant clones observed in the region. This divergence highlights 
the dynamic nature of MRSA, reinforcing the relevance of surveillance 
and their potential implications for public health.

In the case of the 005UDEC and 014UDEC isolates, they were 
found to lack the ACME and possess COMER element. This genotype 
aligns with the characteristic profile of the USA300-LV clone (24), 
which underscores the relationship of these isolates and the aforesaid 
clone. However, there are several noteworthy features to highlight: 
both isolates harbor an SCCmec IVb element, which differs from the 
SCCmec IVc element present in the USA300-LV clone. Additionally, 

7 https://www.ine.gob.cl/docs/default-source/demografia-y-migracion/

publicaciones-y-anuarios/migraci%C3%B3n-internacional/estimaci%C3%B3n-

poblaci%C3%B3n-extranjera-en-chile-2018/estimaci%C3%B3n-

poblaci%C3%B3n-extranjera-en-chile-2021-resultados.pdf?sfvrsn=d4fd5706_6

the resistome of both isolates is broader than that of the USA300-LV 
clone (Supplementary Figure S1). Furthermore, the spa-type of the 
014UDEC isolate could not be  assigned by the scheme. All these 
characteristics suggest that the isolates included in our study might 
be  influenced by evolutionary processes diverging from the well 
USA300-LV clone. Moreover, all four isolates are not related to the 
USA300 clone, which differs from the initial description of CA-MRSA 
in Chile (11).

In terms of the resistome, all isolates were positive for the blaZ 
penicillinase gene, a common genetic determinant widely described 
in S. aureus isolates worldwide (28). Additionally, methicillin 
resistance in the four isolates was mediated by the presence of the 
mecA gene. Notably, all isolates, including the previously sequenced 
Chilean strains as well as USA300 and USA300-LV, harbored the fosB 
gene, which confers resistance to fosfomycin (29). In this regard, the 
fosB gene has been identified in numerous MRSA genomes, 
encompassing both hospital- and community-acquired strains. Its 
presence contributes to the multidrug-resistant (MDR) phenotype 
typically exhibited by MRSA isolates (29). Furthermore, all four 
isolates contained the tet (38) gene, which encodes an efflux pump 
associated with resistance to tetracyclines. However, this gene has also 
been implicated in virulence, particularly in S. aureus’ capacity to 
internalize and replicate within human epithelial cells (30). 
Additionally, the 005UDEC isolate harbors two aminoglycoside-
modifying enzymes. While aminoglycosides may not currently be a 
therapeutic option, the presence of these enzymes contributes to the 
multidrug-resistant (MDR) phenotype exhibited by this isolate.

Regarding virulence genes, all four isolates exhibited a broad 
virulome, encompassing genes associated with various aspects of 
pathogenesis. This includes genes involved in adherence, evasion of 
the immune system, siderophore production (e.g., iron siderophores), 
enterotoxins, and notably, the production of exotoxins/exoenzymes. 
Among these latter genes, it is noteworthy to highlight the presence of 
geh, hlb, hld, hlgABC, hly/hla, hysA, adsA, aur, and pvl genes in all 
isolates. These genes contribute significantly to the virulence of the 
strains, underscoring their potential to cause severe infections and 
highlighting the importance of understanding their presence in the 
context of clinical management and public health interventions.

The fours cases described in this case series underscore the 
importance of maintaining a local and current understanding of the 
epidemiology of staphylococcal infections in various regions. Such 
knowledge directly influences clinical decisions, particularly regarding 
the selection of empirical antibiotic therapy. In regions with low 
incidence of CA-MRSA, medical teams must remain vigilant and 
prepared for a potential rise in infections caused by these strains. 
Therefore, it is imperative to establish comprehensive surveillance 
programs to gather robust epidemiological data, a practice that is 
currently lacking in many countries across South America. These 
programs are essential for early detection, effective management, and 
prevention strategies against emerging infectious threats.

In summary, since its emergence, the significance of CA-MRSA 
infections has varied across different regions globally. In some 
countries, these clones have been established in communities for 
decades, exerting varying impacts on the populations of these regions 
and extending into new environments such as hospitals, where they 
cause nosocomial infections. Conversely, there are countries where the 
relative importance of CA-MRSA has been lower, such as Chile. 
However, our work highlights the potential for the emergence of 
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community-acquired infections caused by CA-MRSA lineages in such 
regions. Therefore, public health systems should be prepared to detect 
and manage severe and potentially fatal infections caused by these 
strains effectively.
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SUPPLEMENTARY FIGURE S1

Core genome SNP-base phylogeny of ST8 CA-MRSA isolates. In red are 
highlighted the four isolates recovered from the clinical cases of this study. 
Reference genomes used were ST8 USA300 and ST8 USA300-LV (Latin 
American variant) (accession numbers NKCW01000010.1 and CP007672.1, 
respectively). 10 Chilean ST8 MRSA isolates previously deposited in the 
Pathogen Watch database were included. Phylogenetic tree was visualized 
using the online Interactive Tree of Life (iTOL) (version v6.0) and edited 
utilizing Inkscape software (version 1.2). COMER, copper, and mercury 
resistance; ACME, arginine catabolic mobile element; SCCmec, 
Staphylococcal Cassette Chromosome mec.
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