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Staphylococcus aureus is a relevant pathogen in bloodstream infections (BSI), and the emergency 
of the COVID-19 pandemic increased its antimicrobial resistance. S. aureus isolates from BSI 
(September/2019 - March/2021) were analyzed phenotypically and molecularly, in addition to the 
clinical features of the patients. Of 88 S. aureus isolates recovered from 85 patients, 25 were isolated 
before the pandemic and 63 during it, and 16 were from patients with COVID-19. A rate of 45.5% 
of methicillin-resistant isolates (MRSA) were found, and 5% of them were ceftaroline susceptible 
dose-dependent. Daptomycin non-susceptibility was observed in 9.1% of isolates. The USA800/ST5/
SCCmecIV lineage was prevalent among MRSA isolates (41.8%). Besides, 30.2% of the isolates were 
associated with community-associated MRSA (CA-MRSA) genotypes. There was a significant impact on 
the resistance rates for cefoxitin, clindamycin and erythromycin among S. aureus isolates from BSI in 
COVID-19 patients and association with the previous use of azithromycin by them (p < 0.05). A clonal 
alternation and an increase in the emergence of CA-MRSA lineages were also found, highlighting the 
importance of constant microbiological surveillance.
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Staphylococcus aureus is one of the main pathogens associated with bloodstream infections (BSI) worldwide1. 
The emergence of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in 2020, which led to 
the COVID-19 (coronavirus disease 2019) pandemic has disrupted healthcare systems and practices causing 
a great impact on the development of secondary bacterial infections2, especially among critically ill patients3. 
Studies from this period suggest an increase in the incidence of BSI caused by multidrug-resistant bacteria such 
as methicillin-resistant S. aureus (MRSA)2.

During the pandemic, some studies highlighted an increase in the incidence of BSI by MRSA, especially 
among COVID-19 patients2,3. A study conducted in Italy, comparing the incidence of BSI before and after 
the pandemic, revealed that S. aureus was the most frequently isolated microorganism from COVID-positive 
patients, with MRSA constituting 40.5% of all S. aureus isolates3. Another study conducted in Madrid, Spain, 
described an increase in the incidence of S. aureus bacteremia during the pandemic, with rates reaching 1.96 
episodes per 1000 non-COVID-19 admissions, while among COVID-19 patients it rose to 10.59 episodes per 
1000 admissions. Notably, MRSA isolates were more commonly identified among COVID-positive patients4.

1Departamento de Microbiologia Médica, Instituto de Microbiologia Paulo de Góes, Universidade Federal do 
Rio de Janeiro, Rio de Janeiro 21951-902, Brazil. 2Departamento de Doenças Infecciosas e Parasitárias, Hospital 
Universitário Clementino Fraga Filho, Universidade Federal do Rio de Janeiro, Rio de Janeiro 21951-913, Brazil. 
3Departamento de Patologia, Universidade Federal Fluminense, Niterói, Rio de Janeiro 24070-090, Brazil. 4Carolina 
de Oliveira Whitaker and Tamara Lopes Rocha de Oliveira contributed equally to this work *A list of authors and 
their affiliations appears at the end of the paper. email: raianechamon@id.uff.br; santoskrn@micro.ufrj.br

OPEN

Scientific Reports |          (2025) 15:597 1| https://doi.org/10.1038/s41598-024-84307-1

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-84307-1&domain=pdf&date_stamp=2024-12-24


The COVID-19 pandemic played an important role in the antimicrobial resistance scenario of S. aureus 
isolates, by selecting and helping the dissemination of multidrug-resistant isolates among hospital and community 
environments. Some authors had reported an increased resistance to oxacillin, erythromycin, and clindamycin 
for S. aureus recovered from BSI and other sources during the pandemic5,6. It is noteworthy to mention that the 
increased resistance to erythromycin in S. aureus could be associated with high azithromycin use5,7.

In Brazil, in recent years, well-established clones have been giving way to new clones in hospitals in Rio 
de Janeiro, as observed by our group8,9. Recently we found community-associated MRSA (CA-MRSA) isolates 
causing BSI among patients in our hospital9. Furthermore, in the pre-pandemic period, one isolate from the 
LV-USA300/ST8 lineage was detected for the first time as a cause of BSI10. The emergence of CA-MRSA causing 
infections in the hospital setting is worrying, given their virulent attributes that provide greater adaptability to 
hospital environments11. Here, we characterized S. aureus isolates from BSI of patients admitted to a University 
Hospital in Rio de Janeiro before and during the COVID-19 pandemic, comparing the resistance rates, previous 
use of azithromycin, and the bacterial genetic background in these periods.

Materials and methods
Clinical isolates and setting
We conducted a prospective cohort study to evaluate the clinical aspects of the patients and phenotypic and 
molecular profiles of S. aureus isolates recovered from episodes of BSI in adult individuals (> 18 years old) 
admitted to the Clementino Fraga Filho University Hospital, between September of 2019 and March of 2021. 
This is a tertiary care public hospital in Rio de Janeiro with 300 active beds. During the COVID-19 pandemic, 
this hospital was a reference center for treating the disease, with 37 intensive care beds allocated for COVID-19 
patients and 14 for non-COVID-19 patients, totaling 51 active ICU beds. The study was approved by the Human 
Research Ethics Committee of Clementino Fraga Filho University Hospital (CAAE 40458520.7.0000.5257), and 
informed consent was obtained from all subjects or their legal guardian(s). All experiments were performed 
following relevant guidelines and regulations.

We analyzed the first bacterial isolate recovered from an episode of S. aureus BSI, with subsequent 
documentation of blood cultures. Besides, for each patient enrolled in the study, demographic data, classification 
of the BSI episode, treatment, COVID-19 status during the pandemic, length of stay, and outcome were collected. 
Data on azithromycin use initiated for the treatment of COVID-19 before hospitalization were also obtained.

All blood cultures were processed using the BacT/ALERT system (BioMerieux, Durham, NC, USA). 
Staphylococcus aureus identification was performed by the automated VITEK2® system (BioMerieux) 
and confirmed by MALDI-TOF MS® (Matrix Assisted Laser Desorption Ionization/ Time of Flight Mass 
Spectrometry) (Bruker Daltonics, Billerica, MA, USA).

Antimicrobial susceptibility tests and SCCmec typing
All S. aureus isolates were characterized by their antimicrobial susceptibility profile using the disk-diffusion 
test method (Oxoid, Cambridge, UK),  according to Clinical & Laboratory Standards Institute12. The broth 
microdilution (BMD) method was performed to determine the Minimum Inhibitory Concentration (MICs) 
for daptomycin, linezolid, oxacillin, and vancomycin (Sigma-Aldrich Chemical Company, St Louis, MO, USA). 
For ceftaroline, the gradient diffusion method (Etest®, BioMérieux) was used to access the MIC values for MRSA 
isolates12. S. aureus presenting a MIC ≥ 2 mg/L for vancomycin were screened for the hVISA (heteroresistant 
vancomycin-intermediate S. aureus) phenotype13. S. aureus ATCC 25,923 and ATCC 29,213 were used as 
controls for the disk-diffusion and BMD tests, respectively, and ATCC 29,213 (MSSA) and Mu3 (hVISA) were 
used as controls for the hVISA screening.

All MRSA isolates characterized as oxacillin-resistant by the disk-diffusion method were characterized as 
their SCCmec type14 by multiplex polymerase chain reaction (PCR), using bacterial DNA obtained using the 
QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany).

Genotypic profile of MRSA isolates
All MRSA isolates were typed by pulsed-field gel electrophoresis (PFGE) after digestion of whole-cell DNA with 
SmaI in a CHEF-DRIII® system (Bio-Rad, Richmond, CA, USA)15. The PFGE fingerprints were compared by the 
unweighted pair-group method with arithmetic mean clustering analysis, applying the Dice correlation coefficient. 
The clonal lineages were defined by comparison with national8 and international clones16. Representative isolates 
from each genotype, identified in PFGE, underwent Multilocus Sequence Typing (MLST)17.

A PCR for the detection of PVL genes was carried out for all MRSA isolates18 and those belonging to the 
USA300/ST8/SCCmecIV lineage also underwent ACME typing19.

Statistical analysis
Categorical variables were compared using the chi-square or Fisher exact tests, and continuous variables were 
compared using the Mann-Whitney U test. A p-value < 0.05 was statistically significant. All analyses were 
performed using GraphPad Prism software, version 8 (GraphPad*, San Diego, CA, USA).

Results
Patients and S. aureus BSI episodes
A total of 85 patients were enrolled in the present study presenting 88 S. aureus BSI episodes – one patient had 
two S. aureus BSI episodes, and another patient had three episodes. Among them, 25 had S. aureus BSI before 
the onset of the pandemic, whereas 60 developed the infection during the SARS-CoV-2 pandemic. Throughout 
the pandemic period, patients were further classified based on their COVID-19 diagnosis at the time of BSI 
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occurrence. Consequently, out of the 60 patients affected during the pandemic, 16 received a concurrent 
diagnosis of COVID-19, confirmed through positive SARS-CoV-2 qPCR results.

We observed that 56.5% of the patients in the study were male, and the mean age was 57 years (15 to 84 age 
range). Most episodes were hospital-acquired (62.5%), clinically characterized as primary bloodstream infection 
(78.4%), and associated with central venous catheter usage (67%) (Supplementary Table 1). A higher number 
of S. aureus BSI episodes occurred among patients without COVID-19 (53.4%) during the pandemic period. 
Of the total, 46 (57.1%) patients died, with most of them (68.8%) being diagnosed with COVID-19. However, 
no statistically significant differences were observed between pre-pandemic and pandemic periods or between 
patients with and without COVID-19, except for the previous use of azithromycin, which was significantly 
associated with patients diagnosed with COVID-19 (p-value < 0.05). Before the pandemic, none of the patients 
described the prior use of the antimicrobial. However, during the pandemic, 68.8% of patients with COVID-19 
reported previous use of the drug in community settings as outpatients.

Antimicrobial susceptibility and previous use of azithromycin
All 88 S. aureus isolates recovered from BSI were susceptible to trimethoprim-sulfamethoxazole, linezolid, 
and vancomycin. Resistant rates were observed for penicillin G (94.3%), erythromycin (52.3%), clindamycin 
(34.1%), ciprofloxacin (20.4%), gentamycin (14.8%) and rifampicin (2.3%).

Among 40 (45.5%) S. aureus isolates that were identified as MRSA, 10 were collected before the pandemic, 
while 30 were from the pandemic period. Although no statistical differences were observed between the two 
periods, MRSA isolates were more frequent among patients positive for COVID-19 compared to those without 
COVID-19 (75% vs. 38.3%) (p-value < 0.05). Furthermore, isolates recovered from patients with COVID-19 
exhibited higher resistance rates for clindamycin (68.8% vs. 27.7%) and erythromycin (87.5% vs. 44.7%) 
(p-value < 0.05). About 20% of all S. aureus isolates showed the iMLSB (inducible macrolide-lincosamide-
streptogramin B) resistance phenotype, and those isolated from patients during the pandemic showed higher 
rates of induced resistance (23.8% vs. 12%) (Fig. 1).

By comparing MRSA and MSSA isolates during both periods and among patients with and without COVID-19, 
we observed a significantly higher rate of resistance to erythromycin among MRSA isolates, particularly among 
those recovered from patients with the disease (p-value < 0.05). Moreover, a higher number of MRSA isolates 
exhibited resistance to ciprofloxacin, regardless of the period analyzed (p-value < 0.05) (Supplementary Table 2).

By analyzing the MIC90 results we noted higher values among isolates recovered during the pandemic 
period for daptomycin and oxacillin (Table 1). In the pre-pandemic period, a MIC90 of 1 mg/L was observed for 
daptomycin, while during the pandemic this value reached 2 mg/L. Additionally, we identified that 9.1% (n = 8) 
of S. aureus isolates presented MIC values > 1 mg/L (non-susceptibility) and seven of them were retrieved during 
the pandemic period. Regarding oxacillin, the MIC90 values were 64 mg/L during the pre-pandemic period, 
and > 256 mg/L in the pandemic period, and when we compared the isolates recovered during the pandemic, 
those recovered from COVID-19 patients presented a higher MIC90 value (> 256 mg/L) in relation to isolates 
from patients without COVID-19 (128 mg/L) (p-value < 0.05). Additionally, as observed by the disk-diffusion 
method, MRSA isolates were more prevalent among COVID-19 patients (p-value < 0.05).

Although no vancomycin-resistant isolate was detected, we observed a MIC90 of 2 mg/L during both periods 
(Table 1). Among the 88 S. aureus isolates, ten (6 MRSA and 4 MSSA) presented a MIC of 2 mg/L for vancomycin. 
However, none of these isolates presented the hVISA phenotype (Supplementary Tables 3 and 4).

Fig. 1.  Antimicrobial resistance rates among S. aureus isolated during (A) and before the COVID-19 
pandemic (B). * p-value < 0.05. CFX – Cefoxitin; CIP – Ciprofloxacin; CLI – Clindamycin; ERI 
– Erythromycin; GEN – Gentamycin; PEN – Penicillin G; RIF – Rifampicin; TSX - Trimethoprim-
sulfamethoxazole; iMLSB - inducible macrolide-lincosamide-streptogramin B resistance.
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All MRSA isolates underwent ceftaroline MIC determination using the Etest® test (BioMérieux). Only 
two (5%) (isolates 2400 and 2404) were classified as susceptible dose-dependent (SDD). Notably, both were 
retrieved during the pandemic period, of which one was collected from a COVID-19-positive patient (Fig. 2; 
Supplementary Table 3).

As already mentioned, patients with COVID-19 frequently harbored isolates resistant to clindamycin and 
erythromycin. Consequently, data regarding the use of azithromycin before the hospitalization, an antibiotic in 
the same class as erythromycin was collected for all 85 patients. In the period before the pandemic, no patients 
report the prior use of this drug. However, during the pandemic, its use was reported by 15 patients, representing 
a significant increase in the previous use of this antimicrobial compared to the pre-pandemic period (p = 0.0047) 
(Table  2). Furthermore, when comparing BSI episodes that occurred during the pandemic, the prior use of 
azithromycin was more prevalent among patients with COVID-19 (68.8%; 11/16) than among those without a 
history of the disease (8.5%; 4/47) (p < 0.0001).

The analysis of prior azithromycin use was also conducted for erythromycin-resistant isolates (Table 2). Before 
the pandemic, 23.4% (11/47) of S. aureus isolates were resistant to erythromycin, while during the pandemic, 
the detected resistance was 76.5% (36/47), revealing a significantly higher incidence of prior azithromycin use 
during the pandemic (p = 0.0215). Specifically, among patients who used azithromycin, a percentage of 36.1% 
(13/36) of BSI episodes caused by erythromycin resistant isolates was observed during the pandemic, while no 
case of BSI caused by erythromycin-resistant isolates were found before the pandemic. Prior use of azithromycin 
was observed in 66.7% (10/15) of patients with COVID-19 who presented BSI due to erythromycin-resistant S. 
aureus, a significantly higher percentage compared to cases of patients without the disease, where only 14.3% 
(3/21) had previously used the antimicrobial (p = 0.0014). Furthermore, the iMLSB phenotype was associated 
with the use of azithromycin, as isolates from approximately half of the patients who used this drug showed 
induced resistance (p = 0.0057) (Supplementary Tables 3 and 4).

Genotypic profile of MRSA isolates
Most MRSA isolates were associated with the USA800/SCCmecIV/ST5 lineage (42.5%; 17/40), which was the 
prevalent lineage found in both periods, pre-pandemic (50%; 5/10) and pandemic (40%; 12/30), as well as 
among patients with COVID-19 (50%; 6/12) (Fig. 2). Another lineage, the USA100/SCCmecII/ST5 or ST105 
were related to 25% (10/40) of all MRSA isolates, and five of them were recovered from patients with COVID-19. 
Notably, two isolates belonging to this lineage, one from a patient with COVID-19 (isolate number 2400) and 
another from a patient without COVID-19 (isolate number 2404) were characterized as susceptible dose-
dependent (SDD) to ceftaroline (Supplementary Table 3).

Among 40 MRSA isolates, 12 (30%) belonged to the USA300/SCCmecIV/ST8 community lineage (12.5%; 
5/40) and were all recovered during the pandemic. Besides these, USA1100/SCCmecIV/ST30 (10%; 4/40) and 
USA300-LV/SCCmecIV/ST8 (7.5%; 3/40) were also found. All these community-associated MRSA isolates were 
positive for the pvl gene, while USA300-LV isolates lacked the ACME operon. Classical USA300 isolates showed 
resistance to erythromycin while USA300-LV isolates were sensitive to this drug (Supplementary Tables 3 and 
4). One MRSA isolate (2366) from the pre-pandemic period was characterized as belonging to the ST3603 
lineage (Fig. 2).

Discussion
During the COVID-19 pandemic, several authors observed an increase in MRSA rates of isolates from BSI 
in patients with the disease2–4. In the present study, out of 88 S. aureus isolates, 45.5% were characterized as 
MRSA. Although no statistical differences were observed between MRSA rates in the periods, this pathogen was 
isolated more frequently from patients with COVID-19 (75%) than those without the viral infection (38.3%) 
(p-value < 0.05), as also shown by other authors4,20. Sands and coworkers, in 2023, conducted a cross-sectional 
retrospective analysis regarding the occurrence of MRSA BSI in patients with and without COVID-19 from 
hospitals in the United States, between January 2019 and March 2022. The authors described a higher rate 
of MRSA isolates among COVID-19 patients (11.2%), than among patients without the disease or from pre-
pandemic period (3.7% each)20. This is a concerning fact, as morbidity and mortality rates are higher among 

Antimicrobial

Before pandemic
(N = 25)

During pandemic

Total
(N = 63)

COVID-19 Positive
(N = 16)

COVID-19 
Negative
(N = 47)

MIC90

N (%) of
NS isolates MIC90

N (%) of
NS isolates MIC90

N (%) of
NS isolates MIC90

N (%) of
NS isolates

Daptomycin 1 1 (4) 2 7 (11.1) 1 1 (6.3) 2 6 (12.8)

Linezolid 1 0 (0) 1 0 (0) 1 0 (0) 1 0 (0)

Oxacillin 64 10 (40) > 256 30 (47.6) > 256* 12 (75)* 128* 18 (38.3)*

Vancomycin 2 0 (0) 2 0 (0) 2 0 (0) 1 0 (0)

Table 1.  MIC90 (mg/L) values and non-susceptibility rates among 88 Staphylococcus aureus isolated from 
bloodstream infections before and during the COVID-19 pandemic, between September 2019 and March 
2021. MIC – Minimum Inhibitory concentration; MIC90 – MIC value capable of inhibit 90% of isolates; N – 
number; R – resistant; NS – non susceptible; *p-value < 0.05.
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patients with MRSA infections21. We also found that isolates recovered from patients with COVID-19 exhibited 
higher resistance rates for clindamycin (68.8% vs. 27.7%) and erythromycin (87.5% vs. 44.7%) (p-value < 0.05). 
López-Jácome and coworkers, in 2022, compared the antimicrobial susceptibility of different microorganisms 
from blood, including S. aureus, and described an increase in erythromycin resistance in Mexico during the 
COVID-19 pandemic5. In 2023, Serra and coworkers found significant resistance to erythromycin among S. 
aureus isolates from BSI in an Italian hospital. However, the resistance rates to clindamycin (42.2% vs. 50%) 

Characteristics Total

N (%)
of episodes

p value

N (%) of episodes during
COVID-19 pandemic

p valueBefore COVID-19 pandemic During COVID-19 pandemic Patients with COVID-19
Patients
without COVID-19

Previous use
of Azithromycin

n = 88 n = 25 n = 63 n = 16 n = 47

15 (17) 0 (0) 15 (23.8) 0.0047 11 (68.8) 4 (8.5) < 0.0001

Erythromycin resistance n = 47 n = 11 n = 36 n = 15 n = 21

Previous use
of Azithromycin 13 (27.7) 0 (0) 13 (36.1) 0.0215 10 (66.7) 3 (14.3) 0.0019

Table 2.  Distribution of the 88 bloodstream infection episodes caused by Staphylococcus aureus according 
to the previous use of azithromycin and the resistance to erythromycin, before and during the COVID-19 
pandemic.

 

Fig. 2.  Dendrogram of the PFGE patterns and characteristics related to the genetic background of 40 MRSA 
isolates recovered from bloodstream infection. LV: Latin American Variant; SCCmec: Staphylococcal cassette 
chromosome mec; ST: Sequence Type; MIC: Minimal Inhibitory Concentration in mg/L; Oxa: oxacillin; 
Van: vancomycin; Dap: daptomycin; Cef: ceftaroline; CA: Community acquisition; HA: hospital acquisition; 
AAH: Acquisition in another hospital; HCA: Healthcare acquisition; na: not applicable (strain isolated before 
pandemic); ep: episode; *: pvl gene positive; **: pvl gene and ACME positive; a: susceptible-dose dependent for 
ceftaroline.
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and erythromycin (60% vs. 57.1%) were similar for isolates from individuals with and without COVID-1922. 
Unfortunately, few studies have evaluated and compared the clindamycin and erythromycin resistance rates of S. 
aureus isolates recovered during the pandemic, making a comparative analysis difficult.

Vancomycin is commonly prescribed as the primary treatment for MRSA BSI, with determination of the 
minimum inhibitory concentration (MIC) crucial for therapeutic success23. Previous studies of our group 
recovered VISA and hVISA isolates with vancomycin MIC90 of 2 mg/L causing BSI at the same University Hospital, 
between 2011 and 201513. But in a study carried out from 2016 to 20189, and in the present study, we observed 
vancomycin MIC90 values between 1 and 2 mg/L, without isolation of VISA isolates, suggesting that MRSA 
isolates remain susceptible to this drug in our hospital despite higher values of MIC for vancomycin. Daptomycin 
is considered as an alternative drug for the treatment of MRSA BSI when vancomycin MIC values > 1.5 mg/L are 
found24. Despite most isolates being characterized as daptomycin susceptible in the present study, eight (9.1%) 
isolates showed non-susceptibility to this drug (MIC > 1 mg/L)25. A Chinese study analyzed 472 clinical MRSA 
isolates collected from 2015 to 2017 and found all isolates sensitive to daptomycin, but 35.2% of them exhibited 
a higher MIC (> 0.5 mg/L)26. Furthermore, CC5/ST5 isolates were less susceptible to daptomycin. In previous 
studies at the same hospital, initially between 2011 and 2015, we had found 23.5% of S. aureus isolates from BSI 
not susceptible to daptomycin8, and in the following years, between 2016 and 2019, the percentage fell to 13.8%9. 
The decrease in the isolation of VISA isolates and daptomycin non-susceptible isolates may be associated with 
the change in the molecular epidemiology of S. aureus lineages recovered at our study hospital, as resistance 
phenotypic profiles were generally associated with USA100/ST5 and ST105 isolates carrying SCCmec II8,9,13, and 
have been replaced in recent years, but mainly in the present study, by CA-MRSA isolates carrying the SCCmec 
IV. The efficacy of the combination of daptomycin with ceftaroline for the treatment of MRSA BSI has been 
shown27,28. However, in Brazil, ceftaroline is only approved for the treatment of MRSA pneumonia or skin and 
soft tissue infections. Despite this, two (5%) MRSA isolates presented susceptibility dose-dependent (SDD) for 
this drug in this study, similar to what was found by other authors29,30. The emergency of SDD MRSA isolates 
for ceftaroline imposes a challenge, as this drug has been proven to be an important therapeutic option for the 
treatment of recurrent BSI by MRSA27,28.

It is noteworthy that although no significant differences were observed between the two periods for the 
sociodemographic and clinical characteristics of the patients analyzed, we observed that previous use 
of azithromycin was reported during the pandemic, mainly among patients with COVID-19. The use of 
azithromycin as an early therapy for COVID-19 was a usual practice in Brazil31. In a retrospective cohort study 
conducted in Minas Gerais, Brazil, where the authors evaluated medical record data and microbiological clinical 
specimens from 79 COVID-19 hospitalized patients with secondary bacterial/fungal infections, it was observed 
that azithromycin was one of the main drugs previously used by these patients31. Other studies in different 
countries also described the increased prescription and use of azithromycin during the early stages of the 
pandemic32,33. Perella and coworkers, in 2023, compared the hospital antibiotic consumption in 2020–2021 with 
those related to 2019 in Italian hospitals and found an increased consumption of azithromycin in March and 
April 202033. Therefore, due to the broad use of antimicrobials for the early treatment of COVID-19, especially 
azithromycin, it was not a surprise that BSI episodes caused by erythromycin, clindamycin, and ciprofloxacin-
resistant S. aureus were significantly found among COVID-19 patients, characterizing the general selective 
pressure caused by previous use of the drug.

Clinicians must be aware of the variable MRSA clones circulating in their hospital to use the most 
appropriate empiric antimicrobial therapy. Since 2008, our group has reported the complete substitution of the 
Brazilian endemic clone (ST239/SCCmec III) by USA100/ST5/SCCmecII and ST105/SCCmecII lineages in our 
hospital8,9,13,34. However, in the present study, these lineages were related to only 25% (10/40) of all MRSA 
isolates, with a higher number of isolates identified during the pandemic. Gu and coworkers, in 2023, described 
that ST5/SCCmecII remains the prevalent MRSA lineage in BSI even after COVID-19 pandemic in Wuhan, 
China35. However, among the MRSA isolates of the present study the majority (42.5%) was associated with 
the USA800/SCCmecIV/ST5 lineage, found in both periods, as well as among patients with COVID-19. This 
lineage, also known as the Pediatric clone, has been usually described as a less frequent clone causing BSI36–38. 
McGuiness and coworkers, in 2021, described a clonal outbreak across Australia caused by CC5/ST5 MRSA 
isolates that possessed the trimethoprim resistance gene dfrG within SCCmec IVo, but all were sensitive to this 
drug, suggesting that the presence of dfrG within SCCmec IVo provides a selective advantage to this lineage39. In 
the present study, all USA800/ST5/SCCmec IV isolates were also sensitive to trimethoprim-sulfamethoxazole. 
It is interesting to mention that both USA800 and USA100 belong to the same clonal complex (CC) and many 
isolates also present the sequence type (ST), differing only in the types of SCCmec they carry. Further analyses 
are needed to better understand why these lineages have become more prevalent.

Additionally, in the present study, we found 30% of CA-MRSA isolates that included eight USA300/
SCCmecIV/ST8 (among them three USA300-LV), and four USA1100/SCCmecIV/ST30, the majority (75%) 
recovered during the pandemic period. More recently, studies from our group described, for the first time in 
our hospital, the occurrence of BSI caused by isolates related to the MRSA USA300/ST8/SCCmec IV pandemic 
clone9, as well as its Latin-American variant, USA300-LV, that lacks the ACME operon10. Other studies have also 
been reporting the emergence of USA300 among MRSA from hospital-acquired BSI40. According to Dyzenhaus 
and coworkers, in 2023, USA300 strains may optimize their fitness through mutations that alter the regulation 
of virulence and contribute to their success in a new environment, which may leverage this recent introduction 
into hospitals41. It is important to mention that all CA-MRSA isolates were positive for the pvl gene, confirming 
the emergence of virulent MRSA lineages causing BSI and pointing to a change in molecular epidemiology in 
the hospital during the pandemic.

The present study showed a change in the scenario of BSI caused by S. aureus isolates associated with the 
COVID-19 pandemic, with an increase in isolates resistant to methicillin, clindamycin, and erythromycin. This 
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may have been driven by the exacerbated use of azithromycin in the community during the pandemic. A clonal 
alternation and an increase in the emergence of CA-MRSA lineages were also found during the COVID-19 
pandemic, highlighting the importance of constant surveillance to better understand the dynamics of this 
pathogen as the main causative agent of bacteremia worldwide.
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