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Abstract

Methicillin-susceptible Staphylococcus aureus or methicillin-resistant Staphylococcus aureus (MSSA or MRSA) sensitive or resistant
to oxacillin are the main causative agents of bloodstream infection (BSI) and are associated with high rates of morbidity and mortality
worldwide. The aim of the present study was to analyze the frequency of MSSA and MRSA isolates recovered from patients with BSIand
to evaluate the main antibacterials used in the treatment. We retrospectively evaluated data from 98 patients who had BSI (22 MRSA
BSI and 76 MSSA BSI) hospitalized in different sectors of a hospital between 2013 and2021. The 98 S. aureus isolates evaluated were
sensitive to vancomycin, linezolid, gentamicin, daptomycin, teicoplanin and rifamycin. The median length of stay was 27.5 and 19 days
for patients with MRSA BSI and MSSA BSI, respectively. The mean number of antibacterials used per patient was approximately
5 for patients with MRSA BSI and 6 for patients with MSSA BSI. In the analysis of the antibacterial therapy used before and after the
detection of MSSA BSI and MRSA BSI, we observed that most patients were already on the appropriate antibacterial therapy or had
their therapy adjusted after detection. For patients with MRSA BSI, adjustment was performed mainly with vancomycin or linezolid.
For patients with MSSA BSI, the therapeutic adjustment was performed using oxacillin, vancomycin and linezolid. In relation to
patients who had MRSA BS], in 7 of them other bacteria were isolated from the urine, catheter tip, endotracheal aspirate and/or
blood. Of these patients, only 2 survived (29%). However, of the 11 patients who had only MRSA infection, 9 survived (82%). Our
data suggest that the simultaneous presence of S. aureus and other bacteria may lead to worse clinical outcomes. We also evidenced
a high consumption ofantibacterials per patient and that although the median length of stay was higher for patients with MRSABSI,
the average use of antibacterials was slightly higher in patients with MSSA BSI. Thus, we conclude that there is a need to improve the

management of antibacterial therapies, diagnostic methods and measures to control and prevent BSI by MRSA and MSSA.
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Abbreviations

S. aureus: Staphylococcus aureus; MSSA: Methicillin-sensitive
Staphylococcus aureus; MRSA: Methicillin- Resistant Staphylococ-
cus aureus; BSI: Bloodstream Infection; PBP: Penicillin-binding
Protein; SCCmec:Staphylococcal Cassette Chromosome mec; MSSA
BSI: Methicillin-sensitive Staphylococcus aureus Bloodstream In-
fection; MRSA BSI: Methicillin-resistant Staphylococcus aureus

Bloodstream Infection; SXT: Sulfamethoxazole-Trimethoprim

Introduction

Staphylococcus aureus, Gram-positive cocci, has been found co-
lonizing the skin and mucous membranes of 40% of individuals.
According to the sensitivity profile to either oxacillin or methicil-
lin, S. aureus isolates can be classified as sensitive known as met-
hicillin-susceptible Staphylococcus aureus or methicillin-resistant
Staphylococcus aureus (MSSA or MRSA). This pathogen has great
clinical importance acting as an agent of simple to potentially fatal
infections as in the case of bloodstream infection (BSI). The inci-
dence of bacteremias is high and can range from 3 to 50 cases per
100,000 people per year, globally [1,2]. Current data indicate con-
siderable rates of 20 to 25% of mortality attributed to BSI by MRSA
and MSSA worldwide [3].

BSI is characterized by the presence of a microorganism in one
or more blood culture samples, which when not treated correct-
ly can lead to sepsis and death [4]. This infection can be acquired
in environments related to health care or the community, with S.
aureus being one of the main causative agents of this infection. Se-
veral factors may be involved in the development of this infectious
condition, such as the use of invasive devices, age of patients, type
of hospitalization unit, clinical manifestations, comorbidities and

immunosuppression [4,5].

It is well established that MSSA strains have a broad sensitivity
to most antibacterials, including the group of antistaphylococcal
penicillins. MRSA isolates, on the other hand, are often multi-resis-
tant andin addition to resistance to $-lactams may also present re-
sistance to antibacterials of different classes. The main mechanism
for resistance to oxacillin in S. aureus is the production of an altered
penicillin binding protein (PBP), with low affinity to all B-lactams,
encoded mainly by the mec gene. Its wide dissemination occurs by
mobile genetic elements called staphylococcal cassette chromoso-
mes (SCCmec) [5,6].

The antibacterial treatment of choice in MSSA BSI is based on
the class of B-lactams, especially oxacillin. As for MRSA BSI, the
first-line of treatment is usually performed by the administration
of vancomycin or daptomycin. In the absence or contraindication of
drugs to treat MRSA BS], other antibacterials such as linezolid and
ceftaroline are therapeutic options aiming at achieving therapeutic
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success, increased survival, absence of symptoms and microbio-

logical eradication [7].

Currently, there is still a lack of information that can guide to a
more targeted and effective antibacterial treatment for S. aureus
BSI [8]. According to Hollandet,, et al. less than 2,500 patients have
been included in randomized clinical trials published for S. aureus
BSI in the last 20 years and less than 450 in the search for MRSA
BSI. Thus, our study evaluated the frequency of MSSA and MRSA
isolates recovered from patients with BSI and the main antibacte-
rials used in empirical and targeted treatment, in addition to their
relationship with the clinical outcome of these patients. In general,
we observed the need to improve antibacterial therapies, clinical

diagnosis, and also measures to control BSI by MRSA and MSSA.

Materials and Methods

The present study is a retrospective study that evaluated clini-
cal isolates of S. aureus MRSA and MSSA recovered from patients
diagnosed with BSI, hospitalized between 2013 and 2021 in a tea-
ching hospital. The hospital is located in southern Brazil, an institu-
tion that offers general and advanced medical diagnostic services,

aimed at the care of the local and regional population.

The general and clinical data of the patients were acquired th-
rough the electronic medical records platform (GSUS). The identifi-
cation of bacteremia and the sensitivity profile of the antimicrobi-
als tested were obtained through automated equipment BACTEC™
and Phoenix™ (BD Diagnostic Systems, sparks, MD), respectively.
Inclusion criteria were: patients = 18 years, of both sexes and with
a positive diagnosis of BSI by MRSA or MSSA.

The data obtained were analyzed by SPSS (Statistics), version
23.0 for Windows (IBM Corporation, Amonk, NY, USA) and Mini-
tab®-18 (Statistical Software). To identify the occurrence of MRSA
and MSSA infection, it was evaluated using Student’s t-test or
chi-square test for categorical variables. The data wereconsidered
significant when the variables presented a value of p < 0.05. The va-
riables analyzed were gender, age, initial diagnosis, inpatient unit

and clinical outcome.

The study was approved by the Research Ethics Committee
of the State University of Maringa (approval number 2.093.342/
CAAE 63610816.0.0000.0104 and approval number 4.808.018/
CAAE 47908021.9.0000.0104).

Results and Discussion

The use of appropriate therapy has been one of the main objecti-
ves of clinicians when treating BSI mainly, associating shorter hos-
pital stay and recurrence of infection [9,10]. The use of empirical

broad- spectrum antibacterials has been constant in most infecti-
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ons. However these drugs can quickly lose their activity due to their
exaggerated use. This is quite obvious to observe, even during the
COVID pandemic, as the excessive use of antibacterials hasled to the
spread of resistant strains [11]. In the present study, it was found
that the use of antibacterials was higher in the MSSA BSI group
compared to the MRSA BSI group, which alerts to the fact that even
with sensitive isolates we are maintaining unnecessary antibacteri-

als not performing the necessary de-escalation.

In the study period, a total of 147 patients had bacteremia cau-
sed by S. aureus. Among these patients, 98 were initially analyzed
(22 with MRSA BSI and 76 with MSSA BSI). The exclusion of the 49
patients in this study was due to the absence of data on the therapy
used or difficulty in accessing data from physical records that have

not yet been digitized.

From the analysis of the variables, it was found that there was no
distinction between gender; age, initial diagnosis and clinical outco-
me for patients who had BSI due to MRSA and MSSA.
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In the analysis of the variable inpatient unit, it was observed
that in the emergency room, the BSI were mainly caused by MSSA
(p <0.014) and in the medical clinic, most BSI were caused by
MRSA (p < 0.045). Although the Intensive Care Unit is the sector
with the highest prevalence of resistant bacteria, inour study, as
well as in a Hospital in the capital of Minas Gerais, Brazil, the me-
dical clinic was the most important hospital unit for patients with
MRSA BSI [12,13].

Table 1 shows that the 98 S. aureus isolates evaluated, regard-
less of sensitivity to oxacillin, were sensitive to vancomycin, line-
zolid, gentamicin, daptomycin, teicoplanin and rifamycin. We also
found that MRSA clinical isolates showed sensitivity mainly to tet-
racycline (100%), minocycline (95.5%), tigecycline and sulfamet-
hoxazole-trimethoprim (SXT) (90.9%).

MSSA (n =76) MRSA (n = 22)
Antimicrobials N S% 1% | R% N S% 1% R %
Oxacillin 76 100 0 0 22 0 0 10
0
Vancomycin 76 100 22 100 0
Ceftaroline 40 100 0 0 5 80 0 20
Ciprofloxacin 75 77.3 20 2.7 21 23.9 14.3 61.8
Chloramphenicol 62 53.2 0 46.8 4 50 0 50
Clindamycin 17 94.1 0 59 20 35 0 65
Trimethoprim-sulfamethoxazole 75 98.7 0 1.3 22 90.9 0 9.1
Linezolid 76 100 0 22 100 0 0
Tigecycline 74 100 0 22 90.9 0 9.1
Erythromycin 76 48.7 1.3 50 22 9.1 4.5 86.4
Gentamicin 15 100 0 0 4 100 0 0
Daptomycin 76 100 0 0 22 100 0 0
Minocycline 73 100 0 22 95.5 4.5 0
Penicillin 66 1.5 0 98.5 22 0 0 100
Teicoplanin 18 100 0 4 100 0 0
Rifampin 60 100 0 0 18 100 0 0
Tetracycline 35 91.4 2.8 5.8 16 100 0 0
Quinupristin-dalfopristin 36 100 0 0 0 0 0 0

Table 1: Antimicrobial susceptibility profile of 98 methicillin-susceptible and methicillin- resistant Staphylococcus aureus (MSSA and

MRSA) isolates recovered from patients with bloodstream infection.

MSSA= methicillin-susceptible Staphylococcus aureus; MRSA= methicillin-resistant Staphylococcus aureus; n= total number of isolates

for each methicillin resistance category; N= number of isolates; S %= percentage of susceptible isolates; I %= percentage of

intermediate isolates; R %= percentage of resistant isolates.

Over the past 40 years, antimicrobial resistance, particularly

resistance to -lactams, has been impacting antibacterial therapy.

Older drugs such as SXT, because they are little used, have shown

activity against MRSA isolates. In our study, 9.1% of MRSA isolates
were resistant to SXT, which indicates that this antibacterial may

be a great therapeutic option, including empirical treatment. Ac-
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cording to Nurjadi., et al. [14], SXT is little used; however it is a
low-cost therapeutic option and presents few side effects. Another
group that has been shown to be effective is ceftaroline, a fifth-ge-
neration cephalosporin, and has binding affinity for both PBP and
PBP2a, thus justifying its activity for both MSSA and MRSA [15].
In our study among MSSA isolates, sensitivity to this drug was 100%,
but among MRSA isolates, although only 5 isolates were tested, 20%

were resistant.

Of the 98 patients selected for the study, 22 had MRSA bactere-
mia. However, due to the lack of complementary data, only 18 of
the 22 patients were evaluated and included in the schematic rep-
resentation of the cases (Figure 1). The mean age of the 18 patients
was 69 years, with a predominance of males (72% - 13/18) and
a median hospitalization period of 27.5 days. In 39% of patients
(7/18), in addition to MRSA, other bacteria were isolated in urine,
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catheter tip, endotracheal aspirate and/or blood.The most isolated
bacteria were Klebsiella pneumoniae (P4, P6, P7 and P15), Acineto-
bacter baumannii (P8,P16 and P17) and Pseudomonas aeruginosa
(P9 and P17). Of the 7 patients who also had infections by ot-
her microorganisms, only 2 survived (29%). On the other hand, of
the 11 patients who had only MRSA infection, 9 survived (82%)
(Figure 1). In a previous study, Dambroso., et al. [11] showed 41
patients with COVID-19, from whom carbapenemase-producing
K. pneumoniae isolates were recovered. Of the 41 patients, 5 also
had S. aureus infection and only 40% (2/5) of the patients survived.
These data suggest that the simultaneous presence of S. aureus and
other bacteria may lead to worse clinical outcomes in patients with
or without COVID-19. The impact of co-infections is greatly unde-
restimated and still needs to be better elucidated, especially with

regard to pathogenesis, diagnosis and treatment [16].

Figure 1: Schematic of cases of hospitalization time in days.

Note. ICU, Intensive-Care Unit; INFE infirmary; M, male; F, female; ETA, Endotracheal aspirate; OXA, oxacillin; VAN, vancomycin;

CIP, ciprofloxacin; CLI, clindamycin; SXT, trimethoprim-sulfamethoxazole; LNZ, linezolid; GEN, gentamicin; DAP, daptomycin; CRO,

ceftriaxone; PTZ, piperacillin + tazobactam; LEV, levofloxacin; AMI, amikacin; CPM, cefepime; AZI, azithromycin; PMB, polymyxin

B; CAZ, ceftazidime; MXF, moxifloxacin; CFL, cephalixin; AMP, ampicillin; MEM, meropenem; MRSA, Methicillin-resistant Staphy-

lococcus aureus; OMO, Other microorganisms: Klebsiella pneumoniae (P4, P6, P7, P15); Acinetobacter baumannii (P8, P16, P17);

Pseudomonas aeruginosa (P9, P17); S. coagulase-negativo (P12); S. haemolyticus (P16); S. epidermidis (P12); Stenotrophomonas
maltophilia (P12); Burkholderia sp. (P16); Enterococcus faecium (P17).
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During the hospitalization period, the average number of anti-
bacterials used per patient was approximately five. Of the 18 pa-
tients, 2 died before MRSA was identified and 16 patients were
either already on appropriate antimicrobial therapy (1 patient) or
had their therapy adjusted after MRSA was detected (15 patients).
The adjustment was mainly performed with pure vancomycin or
linezolid or combined with other antimicrobials. Of the 5 patients
who received vancomycin alone, 4 survived (80%) and of the 5
patients who received vancomycin in combination, 3 patients sur-
vived (60%). Pure vancomycin was the therapy chosen mainly in
cases of MRSA-only infection and combined vancomycin in cases of
simultaneous infection with MRSA and other microorganisms. Only
1 patient was treated with pure linezolid, which survived and of
the 4 patients who were treated with linezolid in combination, 2

patients survived (50%).

Vancomycin or daptomycin remained the first choice antibacte-
rial in MRSA BSI monotherapy according to the Infectious Diseases
Society of America (IDSA) [17]. According to Tsaiet., et al. [18] li-
nezolid can alsobe used if the MRSA BSI originates from pneumo-
nia. Other options such as ceftaroline may help in the treatment of
MRSA BSI, but in many hospitals, as well as in this study, there is
still no approval or standardization for obtaining this antibacterial

even with the presence of resistance as demonstrated in our rese-
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arch. A study conducted by Tong., et al. [19] pointed out several stu-
dies where it analyzed the synergy with various classes of antiba-
cterials and monotherapy against MRSA BSI which did not obtain
satisfactory clinical results. A combination of analyzed drugs were
associated with increased toxicity andworse clinical outcomes, in
line with the data we obtained in this research with therapy mainly

combined with antibacterials of the B-lactam class (Figure 1).

In relation to the 76 patients who had MSSA BS], the analysis of
the antibacterial treatment was performed on 31 only due to the
difficulty in obtaining the treatment data of the other patients. The
median hospitalization period of the 31 patients was 19 days and
the average use of antibacterial used per patient was approxima-
tely 6 days, with the concomitant use of a maximum of three antiba-

cterials (Figure 1).

In the analysis of antimicrobial therapy used before and after
the detection and identification of MSSA BSI, we observed that 74%
(23/31) of patients had adjusted treatment. The therapeutic adjust-
ment was mainly performed using oxacillin (57%- 13/23), vancom-
ycin (22%- 5/23) and linezolid (22%- 5/23).Among these patients,
74% (17/23) were discharged. Eight patients did not have their
therapy adjusted, after identifying MSSA only 50% (4/8) were dis-
charged (Table 2).

Patient HT Empiric antimicrobial therapy Antimicrobial ther?\flngsifteridentification of Outcome
P19 16 CRO, CLI CRO, CLI Discharge
P20 46 CPM, CLI CAZ 0XA, CAZ, CLI Discharge
P21 7 - 0XA, CRO Discharge
P22 21 CRO, CLI, AMP CRO, OXA, AMP, CLI Discharge
P23 19 CRO, CLI CRO, CPM, OXA, CLI Death

P24 79 CRO, AMP, PTZ, TGC, LNZ, IMP, 0XA, VAN Discharge

SXT, PMB, VAN

P25 30 - CAZ, OXA, PMB, LNZ Death

P26 74 CPM, CRO CRO, OXA, PTZ, MEM, TGC, LNZ Discharge
P27 14 CRO CRO Discharge
P28 16 CRO CAZ Discharge
P29 22 CAZ CAZ Discharge
P30 3 CRO, CLI OXA, CLI Death

P31 32 CRO, CLI, AZI, VAN CIP Discharge
P32 60 CFZ, PTZ, VAN PTZ, MEM, CPM, VAN, LNZ, ERY, Discharge

PMB, TGC
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P33 9 CRO, AZI 0XA, GEN Discharge
P34 13 CRO 0XA Discharge
P35 CRO CRO Death
P36 9 CRO, CAZ, CIP CPM, OXA, PTZ, CAZ, VAN, CIP Death
P37 13 CLI, CAZ CLI, CAZ Discharge
P38 29 PPT, CRO, AZI CRO, PTZ, AZI Discharge
P39 17 CRO, AZI PTZ, OXA, MEM, CRO, AZI Death
P40 56 CRO, PPT, MEM, LNZ LNZ, AMI Discharge
P41 11 CRO, AZI CRO, AZI Discharge
P42 21 CRO, CIP, OXA OXA, PTZ, CIP, LNZ Discharge
P43 11 0XA, CRO, CLI, PTZ, VAN PPT, CRO, CLI, VAN Death
P44 61 CRO, AZI, PTZ, MEM MEM Death
P45 18 CRO, CLI 0XA, CRO, CLI, GEN Discharge
P46 72 CRO, OXA, CPM, LNZ 0XA, CPM, MEM, AMP, VAN, AMS, Discharge
PMB, TGC
P47 29 CFL, CRO, CIP, OXA OXA, CIP Death
P48 9 CRO, PTZ, OXA CRO, OXA, PTZ Death
P49 59 CRO, AZ], PTZ, MEM, PMB, SXT, MEM, VAN, LNZ, PMB, COL Discharge
VAN

Table 2: Antimicrobial prescriptions before and after detection and identification of methicillin-sensitive Staphylococcus aureus.

HT, hospitalization time in days; MSSA, methicillin-sensitive Staphylococcus aureus; OXA, oxacillin; VAN, vancomycin; CIP, ciprofloxacin;

CLI, clindamycin; SXT, sulfamethoxazole-trimethoprim; LNZ, linezolid; GEN, gentamicin; CRO, ceftriaxone; PTZ, piperacillin-tazobactam;

AMI, amikacin; CPM, cefepime; AZI, azithromycin; PMB, polymyxin B; CAZ, ceftazidime; CFL, cephalexin; AMP, ampicillin; MEM,

meropenem; ERY, erythromycin; TGC, Tigecycline; COL, colistin, IMI, imipenem; AMS, ampicillin-sulbactam.

According to the study by La., et al. [20], MSSA BSIs continue to
negatively impact high morbidity and mortality rates worldwide.
The main guidelines recommend both the treatment of first choice
as well as the replacement of empirically prescribed antibacterials
after the identification of the MSSA clinical isolate by antibacterials

of the -lactam antistaphylococcal class.

Some health institutions still choose to maintain empirical
prescriptions of glycopeptide class antibacterials, even in a scena-
rio with low prevalence of MRSA and also after confirmation of the
microbiological report of sensitive isolate for patients with seve-
re diseases, certain comorbidities, possibility of difficult-to-treat
metastatic infections and eventual allergies to penicillin. However,

some studies confirm the disadvantage of using the glycopeptide

class as the first choice antibacterial to treat MSSA BSI compared
to B-lactamic antistaphylococcal antibacterials in terms of patient
survival [20,21]. Antibacterial therapy of MSSA BSI with glycopep-
tides is associated with increased mortality, and may be related
to slower bactericidal activity of these antibacterials, resulting
in persistent BSI and also the possibilities of side effects such as
nephrotoxicity, mainly by the use of vancomycin. The insecurity
in theadequate prescription of antibacterial drugs, and especially
the de-escalation of glycopeptides, can directly impact the clinical
outcome of patients, calling for the need for more scientific studies
and enabling the transfer of more information to prescribers. The
data from our study corroborate with these, as the greater use of
antibacterials in the MSSA BSI was verified, as well as the mainte-

nance of glycopeptides with high mortality [20,21].
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Conclusion

This study showed a high consumption of antibacterials per pa-
tient regardless of the amount of clinical isolates presented during
the hospitalization period. Unfortunately, the practice of escalati-
on that would boost a more targeted and appropriate therapy was
little used, which kept the financial costs high despite the sensiti-
vity of the isolates. The use of appropriate empirical antibacterials
favored the outcome of hospital discharge mainly in patients with
single S. aureus infections without another microorganism. We re-
commend that MSSA BSI reports be treated with targeting the sen-
sitive isolate, thus enabling a reduction in the number of prescribed
antibacterials and consequently bacterial resistance. This clinical
practice, in addition to improving the clinical outcome of patients,

can significantly reduce the costs of public health services.

Acknowledgement

We thank the funding bodies such as the National Council for
Scientific and Technological Development (CNPq) and CAPES, as
well as all teachers, students and collaborators of the Department
of Basic Health Sciences and the Medical Microbiology Laboratory
of the State University of Maringa.

Conflict of Interest

None declared.

Bibliography

1. Santos S, et al. “Molecular epidemiology of Staphylococcus
aureus in Brazil: high frequency of international epidemic
pandemic clones, CA-MRSA and perspectives”. Brazilian
Journal of Development 7 (2021): 35734-35751.

2. Riche CVW, et al. “Epidemiology and risk factors for mortality
among methicillin-resistant Staphylococcus aureus bacteremic
patients in Southern Brazil”. Plos One 18 (2023): e0283774.

3. Kourtis AP, et al. “Emerging Infections Program MRSA
Author Group. Vital signs: epidemiology and recent trends
in methicillin-resistant and in methicillin- susceptible
Staphylococcus aureus bloodstream infections—United States”.
Morbidity and Mortality Weekly Report 68 (2019): 214-219.

4. Liang BS., et al. “Antimicrobial resistance and prevalence
of CVfB, SEK and SEQ genes among Staphylococcus aureus
isolates from pediatric patients with bloodstream infections”.
Experimental and Therapeutic Medicine 14 (2017): 5143-5148.

10.

11.

13.

15.

58
Lisowska-Lysiak K., et al. “Epidemiology and Pathogenesis of
Staphylococcus Bloodstream Infections in Humans: a Review”.
Clinical Microbiology Reviews 70 (2021): 13-23.

LakhubdiS., etal. “Methicillin-resistant Staphylococcus aureus:
molecular characterization, evolution, and epidemiology”.
Clinical Microbiology Reviews 31 (2018): e0002018.

Rose W, et al. “Current Paradigms of Combination Therapy
in Methicillin-Resistant Staphylococcus aureus (MRSA)
Bacteremia: Does it Work, Which Combination and for Which
Patients?” Clinical Infectious Diseases 73 (2021): 2353-2360.

Holland TL., et al. “Consideration for clinical trials of
Staphylococcus aureus bloodstream infection in adults”.
Clinical Infectious Diseases 68 (2019): 865-872.

Van den Bosch CM.,, et al. “Appropriate antibiotic use reduces
length of hospital stay”. Journal of Antimicrobial Chemotherapy
72 (2017):923-932.

Gradel K, et al. “Impact of appropriate empirical antibiotic
treatment on recurrence and mortality in patients with
bacteraemia: a population-based cohort study”. MC infectious
diseases 17 (2017): 1-9.

Dambroso-Altafini D., et al. “Overuse of empirical antibiotics
in a COVID-19 intensive care unit led to the spread of
carbapenem-resistant Gram-negative bacteria in a teaching
hospital”. Journal of Global Antimicrobial Resistance 30 (2022):
100-102.

. World Health Organization. “Who publishes list of bacteria

for which new antibiotics areurgently needs”. (2017).

Porto J., et al. “Active surveillance to determine the impact of
methicillin resistance on mortality in patients with bacteremia
and influences of the use of antibiotics on the development of
MRSA infection”. Revista da Sociedade Brasileira de Medicina
Tropical 46 (2013): 713-718.

Nurjad D., et al. “Phenotypic detection of hemin-inducible
trimethoprim-sulfamethoxazole
Staphylococcus aureus”. Microbiology Spectrum 9 (2021):
e01510-21.

heteroresistance in

Piérard D., etal. “In vitro activity of ceftaroline and comparators
against bacterial isolates collected globally from patients with
skin infections”. Journal of Global Antimicrobial Resistance 26
(2021): 4-10.

Citation: Maria Cristina Bronharo Tognim,, et al. “Antibacterial Therapy Used in the Treatment of Bloodstream Infections Caused by Methicillin-Sensitive

and Resistant Staphylococcus aureus". Acta Scientific Microbiology 6.7 (2023): 52-59.


https://pubmed.ncbi.nlm.nih.gov/37053222/
https://pubmed.ncbi.nlm.nih.gov/37053222/
https://pubmed.ncbi.nlm.nih.gov/37053222/
https://pubmed.ncbi.nlm.nih.gov/30845118/
https://pubmed.ncbi.nlm.nih.gov/30845118/
https://pubmed.ncbi.nlm.nih.gov/30845118/
https://pubmed.ncbi.nlm.nih.gov/30845118/
https://pubmed.ncbi.nlm.nih.gov/30845118/
https://pubmed.ncbi.nlm.nih.gov/29201229/
https://pubmed.ncbi.nlm.nih.gov/29201229/
https://pubmed.ncbi.nlm.nih.gov/29201229/
https://pubmed.ncbi.nlm.nih.gov/29201229/
https://pubmed.ncbi.nlm.nih.gov/33815523/
https://pubmed.ncbi.nlm.nih.gov/33815523/
https://pubmed.ncbi.nlm.nih.gov/33815523/
https://pubmed.ncbi.nlm.nih.gov/30209034/
https://pubmed.ncbi.nlm.nih.gov/30209034/
https://pubmed.ncbi.nlm.nih.gov/30209034/
https://pubmed.ncbi.nlm.nih.gov/33993226/
https://pubmed.ncbi.nlm.nih.gov/33993226/
https://pubmed.ncbi.nlm.nih.gov/33993226/
https://pubmed.ncbi.nlm.nih.gov/33993226/
https://pubmed.ncbi.nlm.nih.gov/30202941/
https://pubmed.ncbi.nlm.nih.gov/30202941/
https://pubmed.ncbi.nlm.nih.gov/30202941/
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-017-2233-z
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-017-2233-z
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-017-2233-z
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-017-2233-z
https://pubmed.ncbi.nlm.nih.gov/35710060/
https://pubmed.ncbi.nlm.nih.gov/35710060/
https://pubmed.ncbi.nlm.nih.gov/35710060/
https://pubmed.ncbi.nlm.nih.gov/35710060/
https://pubmed.ncbi.nlm.nih.gov/35710060/
https://www.who.int/news/item27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://pubmed.ncbi.nlm.nih.gov/24474012/
https://pubmed.ncbi.nlm.nih.gov/24474012/
https://pubmed.ncbi.nlm.nih.gov/24474012/
https://pubmed.ncbi.nlm.nih.gov/24474012/
https://pubmed.ncbi.nlm.nih.gov/24474012/
https://pubmed.ncbi.nlm.nih.gov/34704796/
https://pubmed.ncbi.nlm.nih.gov/34704796/
https://pubmed.ncbi.nlm.nih.gov/34704796/
https://pubmed.ncbi.nlm.nih.gov/34704796/
https://pubmed.ncbi.nlm.nih.gov/34022417/
https://pubmed.ncbi.nlm.nih.gov/34022417/
https://pubmed.ncbi.nlm.nih.gov/34022417/
https://pubmed.ncbi.nlm.nih.gov/34022417/

Antibacterial Therapy Used in the Treatment of Bloodstream Infections Caused by Methicillin-Sensitive and Resistant Staphylococcus aureus

59
16. Klenk HD. etal. “The synergies of microorganisms enlightened

- convergent approaches to delineating coinfections”.

Pathogens and Disease 69 (2013): 71.

17. Song X, et al. “Pharmacokinetic/Pharmacodynamic Target
Attainment of Vancomycin, at Three Reported Infusion Modes,
for Methicillin-Resistant Staphylococcus aureus (MRSA)
Bloodstream Infections in Critically Ill Patients: Focus on Novel
Infusion Mode”. Frontiers in Cellular and Infection Microbiology
(2022): 798.

18. Tsai CE., et al. “Evaluation of the synergistic effect of
ceftaroline against methicillin-resistant Staphylococcus
aureus”. International Journal of Infectious Diseases 122
(2022): 230-236.

19. Tong SY., et al. “Effect of vancomycin or daptomycin with
vs without an antistaphylococcal B- lactam on mortality,
bacteremia, relapse, or treatment failure in patients with
MRSA bacteremia: a randomized clinical trial”. Jama 323
(2020): 527-537.

20. LaY]., etal. “Comparison of clinical outcomes for glycopeptides
and beta-lactams in methicillin-susceptible Staphylococcus
aureus bloodstream infections”. Open Forum Infectious
Diseases. US: Oxford University Press (2022): ofac 492. 1457.

21. Agnello S, et al. “Clinical outcomes of daptomycin versus
anti-staphylococcal beta-lactams in definitive treatment of
methicillin-susceptible Staphylococcus aureus bloodstream
infections”. International Journal of Antimicrobial Agents
(2021): 106363.

Citation: Maria Cristina Bronharo Tognim,, et al. “Antibacterial Therapy Used in the Treatment of Bloodstream Infections Caused by Methicillin-Sensitive
and Resistant Staphylococcus aureus". Acta Scientific Microbiology 6.7 (2023): 52-59.


https://pubmed.ncbi.nlm.nih.gov/24151184/
https://pubmed.ncbi.nlm.nih.gov/24151184/
https://pubmed.ncbi.nlm.nih.gov/24151184/
https://www.frontiersin.org/articles/10.3389/fcimb.2022.874401/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.874401/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.874401/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.874401/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.874401/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.874401/full
https://www.sciencedirect.com/science/article/pii/S1201971222003186
https://www.sciencedirect.com/science/article/pii/S1201971222003186
https://www.sciencedirect.com/science/article/pii/S1201971222003186
https://www.sciencedirect.com/science/article/pii/S1201971222003186
https://jamanetwork.com/journals/jama/fullarticle/2760737
https://jamanetwork.com/journals/jama/fullarticle/2760737
https://jamanetwork.com/journals/jama/fullarticle/2760737
https://jamanetwork.com/journals/jama/fullarticle/2760737
https://jamanetwork.com/journals/jama/fullarticle/2760737
https://pubmed.ncbi.nlm.nih.gov/35748072/
https://pubmed.ncbi.nlm.nih.gov/35748072/
https://pubmed.ncbi.nlm.nih.gov/35748072/
https://pubmed.ncbi.nlm.nih.gov/35748072/
https://pubmed.ncbi.nlm.nih.gov/34033912/
https://pubmed.ncbi.nlm.nih.gov/34033912/
https://pubmed.ncbi.nlm.nih.gov/34033912/
https://pubmed.ncbi.nlm.nih.gov/34033912/
https://pubmed.ncbi.nlm.nih.gov/34033912/

	_GoBack

