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antibiotics against methicillin-resistant 
Staphylococcus aureus (MRSA) strains: 
A systematic review and meta-analysis
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Abstract 

Background: Methicillin-resistant Staphylococcus aureus (MRSA) infections are considered an important public health 
problem, and treatment options are limited. Accordingly, in this meta-analysis, we analyzed published studies to sur-
vey in vitro activity of recently approved antibiotics against MRSA isolates.

Methods: We searched electronic databases; PubMed, Scopus, and Web of Science to identify relevant studies (until 
November 30, 2020) that have focused on the in vitro activity of telavancin, dalbavancin, oritavancin, and tedizolid 
against MRSA isolates. Statistical analyses were conducted using STATA software (version 14.0).

Results: Thirty-eight studies were included in this meta-analysis. Overall in vitro activity of tedizolid on 12,204 MRSA 
isolates was 0.250 and 0.5 µg/mL for  MIC50 and  MIC90, (minimum inhibitory concentration at which 50% and 90% of 
isolates were inhibited, respectively), respectively. The overall antibacterial activity of dalbavancin on 28539 MRSA 
isolates was 0.060 and 0.120 µg/mL for  MIC50 and  MIC90, respectively. The overall antibacterial activity of oritavancin 
on 420 MRSA isolates was 0.045 and 0.120 µg/mL for  MIC50 and  MIC90, respectively. The overall antibacterial activity of 
telavancin on 7353 MRSA isolates was 0.032 and 0.060 µg/mL for  MIC50 and  MIC90, respectively. The pooled preva-
lence of tedizolid, telavancin, and dalbavancin susceptibility was 100% (95% CI: 100–100).

Conclusion: Telavancin, dalbavancin, oritavancin, and tedizolid had potent in vitro activity against MRSA isolates. The 
low MICs and high susceptibility rates of these antibiotics recommend a hopeful direction to introduce useful antibi-
otics in treating MRSA infections in the future.

Keywords: MRSA, Antibacterial activity, Tedizolid, Telavancin, Dalbavancin, Oritavancin, Lipoglycopeptide

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Staphylococcus aureus (S. aureus) is a prominent cause 
of hospital-acquired and community-acquired infections 
ranging from superficial skin and soft tissue infections to 
endocarditis [1, 2].

For two reasons, A) methicillin-resistant Staphylococ-
cus aureus (MRSA) is a well-recognized public health 
problem worldwide [3], and B) Antibiotic-resistance pat-
tern of MRSA. Currently, World Health Organization 
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(WHO) considers S. aureus, especially MRSA, as one 
of the fundamental clinical challenges throughout the 
world. [4]. There are limited therapeutic options for the 
treatment of MRSA infections. Vancomycin is intro-
duced as a drug of choice for treating serious infections 
due to MRSA. However, overuse of vancomycin leads to 
the emergence of non-susceptible strain [5–7]. For exam-
ple, vancomycin-resistance S. aureus (VRSA) strains have 
been reported from many countries, including the USA, 
India, Iran, and Pakistan [5–7].

Furthermore, linezolid and clindamycin are other 
favorable antibiotics against MRSA infections [8]. 
Despite different mechanisms of action, the emergence 
of resistant strains to these antibiotics is rising [8–12]. 
Increased antibiotic resistance in MRSA isolates is one 
of this century’s most globally significant problems [4]. 
Several new agents such as telavancin, dalbavancin, orita-
vancin, and tedizolid have recently been licensed for the 
treatment of infections caused by MRSA.

Following the emergence of strains with reduced 
susceptibility to vancomycin (first generation of gly-
copeptide), the second generation of semisynthetic lipo-
glycopeptides has been developed as alternatives for 
treating MRSA infections. Telavancin, dalbavancin, and 
oritavancin have been introduced as critical lipoglyco-
peptide antibiotics recently approved by the Food and 
Drug Administration (FDA). Telavancin was the first 
approved lipoglycopeptide by the FDA in 2009 [13]. 
Furthermore, dalbavancin and oritavancin were first 
approved by the FDA in 2014 [14, 15]. Lipoglycopeptides 
are semisynthetic derivatives characterized by adding a 
lipophilic side chain, which prolongs their half-lives and 
increases their activities against Gram-positive cocci [16]. 
Lipoglycopeptides inhibit cell wall synthesis by binding 
to C-terminal  D-alanyl-D-alanine  (D-Ala-D-Ala) of  cell 
wall  precursor units [17, 18]. The N-alkyl-p-chlorophe-
nylbenzyl substituent in oritavancin confers significantly 
enhanced activity against vancomycin-intermediate and-
resistant staphylococci [17]. In addition, lipoglycopep-
tides can interfere with cellular membrane functions [17, 
19].

Linezolid, the first oxazolidinone antibacterial agent, 
was approved in the United States in early 2000. The fol-
lowing approved oxazolidinone was tedizolid. Tedizolid 
is a second-generation oxazolidinone class approved 
in 2014 by the FDA. This antibiotic is a bacteriostatic 
compound against gram-positive bacteria [20]. Similar 
to linezolid, the mechanical action of tedizolid is inhib-
iting protein synthesis by binding to the 23S ribosomal 
RNA of the 50S subunit [21]. Tedizolid is an oxazolidi-
none but differs from other oxazolidinones by possessing 
a modified side chain at the C-5 position of the oxazoli-
dinone nucleus that improves potency through additional 

binding site interactions [22]. Not many in-depth stud-
ies are available that directly compare the susceptibili-
ties of telavancin, dalbavancin, oritavancin, and tedizolid 
to different MRSA strains. Therefore, this systematic 
meta-analysis was conducted to survey in  vitro activity 
of recently approved antibiotics against MRSA isolates by 
analyzing the related published studies.

Methods
Guidelines
This review is reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses guidelines (PRISMA) [23].

Search strategy
A systematic search was conducted to evaluate the 
antibacterial activity of recently approved antibiotics 
against MRSA strains. The electronic databases: Med-
line, Embase, and Web of Science were searched to 
identify relevant articles until November 30, 2020. The 
search strategy was based on keywords derived from 
our research questions. The keywords used in the search 
were: "tedizolid", "dalbavancin", "oritavancin", "tela-
vancin", "delafloxacin", "Methicillin-Resistant Staphylo-
coccus aureus", and "minimum inhibitory concentration". 
The Boolean operators were used to combine all descrip-
tors. The search strategy was adapted to the features of 
each database. If possible, we searched for synonyms or 
used the search option for similar terms before every 
keyword. No limitation was applied during the searching 
procedure of databases, but the inclusion of the study in 
our full analysis required at least the English abstract to 
be available. The records found through database search-
ing were merged, and the duplicates were removed using 
EndNote X7 (Thomson Reuters, New York, NY, USA). 
Reference lists of all eligible articles were also reviewed to 
find any additional potentially relevant studies. The flow 
chart of the selected articles is shown in Fig. 1.

Eligibility criteria
Identified studies that were consistent with the criteria 
included original articles published in English concern-
ing the antibacterial activity of recently approved anti-
biotics against MRSA strains. After screening, duplicate 
studies, non-original articles (reviews, short communica-
tions, case studies, abstracts without full text, and book 
chapters), and studies that lack information regarding the 
minimum inhibitory concentration (MIC) were excluded.

One reviewer performed the searches; then, initial 
screening was done by two independent reviewers for 
potentially relevant records matching the inclusion/
exclusion criteria based on title and abstracts. Full arti-
cles were obtained from these records and were assessed 
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for relevance by two independent reviewers. Any discrep-
ancies with the third reviewer were resolved by consult-
ing. Whereas the initial study was not available, requests 
were made to the authors.

Data extraction and quality assessment
Two reviewers coded and extracted the data indepen-
dently. This process was also overseen by the third 
author again. All studies were consistent with the  fol-
lowing  inclusion  criteria: (1) antibacterial activity was 
determined using one of the standard methods, including 
broth microdilution, agar dilution, and epsilometer (E)-
test, (2)  MIC50 and  MIC90 (minimum inhibitory concen-
tration at which 50% and 90% of isolates were inhibited, 
respectively) and their ranges were available, also (3) orig-
inal studies that were performed on clinically derived iso-
lates. Meanwhile, exclusion criteria were (1) studies that 
have not reported the MIC or have not used the standard 
susceptibility testing methods, (2) studies with a sample 
size < 10 isolates, and (3) studies performed on samples 

with animals or environment origin. Neither reviews nor 
systematic review articles, case reports, and articles avail-
able only in the abstract that lacks necessary information 
were included. Moreover, the quality of included stud-
ies was critically appraised using the Newcastle–Ottawa 
Scale [24]. The pre-defined review protocol was regis-
tered at the PROSPERO international prospective reg-
ister of systematic reviews (http:// www. crd. york. ac. uk/ 
PROSP ERO, registration number CRD11111).

Statistical analysis
The meta-analysis was performed by computing the 
pooled using a random-effects model with Stata/SE soft-
ware, v.17 (StataCorp, College Station, TX) on studies 
presenting raw data on antibacterial activity of tedizolid, 
dalbavancin, oritavancin, telavancin, and delafloxacin 
against MRSA strains. The inconsistency across studies 
was examined by the forest plot as well as the  I2 statistic. 
Values of  I2 (25%, 50%, 75%) were interpreted as the pres-
ence of low, medium, or high heterogeneity, respectively. 
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Fig. 1 PRISMA flow chart of the article selection procedure
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So, the DerSimonian and Laird random effects models 
were used [25]. Publication bias was assessed using Egg-
er’s test. All statistical interpretations were reported on a 
95% confidence interval (CI) basis.

Study outcomes
The primary outcome of interest was the pooled preva-
lence susceptibility of tedizolid, dalbavancin, and tela-
vancin against MRSA isolates. The secondary outcomes 
of interest were the  MIC50 and  MIC90 of tedizolid, dalba-
vancin, and telavancin against MRSA isolates.

Results
Systematic literature search
A total of 540 records were identified in the initial search. 
Among these, 357 articles were excluded after an initial 
screening of the title and abstract due to their irrelevance 
and duplication. The full texts of the remaining 183 arti-
cles were reviewed (Fig. 1). Out of 183 articles, 145 were 
excluded for the following reasons: meta-analysis, review, 
conference abstract, and article without full text (n = 70), 
non-relevant data, or no MIC data (n = 75). Finally, the 
detailed characteristics of 38 included studies in this 
meta-analysis are indicated in Table 1.

Characteristics of included studies
All included studies had a cross-sectional design. All 
included studies in this meta-analysis were high-quality 
(Additional file  2: Table) [24]. However, most reports 
have been from America (n = 19), Asia (n = 8), Europe 
(n = 8), and multiple continents (n = 7). In the current 
study, to determine the effective concentration of tedi-
zolid, dalbavancin, oritavancin, and telavancin against 
MRSA isolates, the mode of  MIC50,  MIC90, and MIC 
ranges was estimated (Table 2). To analyze the trends for 
changes in the tedizolid, dalbavancin, oritavancin, and 
telavancin susceptibility in recent years, we performed a 
subgroup analysis for two periods (2010–2015 and 2016–
2020) (Tables  3, 5, Additional file  1: Figure). No signifi-
cant difference was observed in the pooled prevalence of 
tedizolid, dalbavancin, oritavancin, and telavancin sus-
ceptibilities against MRSA isolate for two periods (2010–
2015 and 2016–2020) (Tables 3, 4, 5).

Antibacterial activity of tedizolid
The prevalence of tedizolid susceptibility is available in 
21 studies. The overall antibacterial activity of tedizolid 
in 12,204 MRSA isolates was at 0.250 and 0.500  µg/mL 
for  MIC50 and  MIC90, respectively. Out of 21 studies, the 
pooled prevalence of tedizolid susceptibility was 100% 
(95% CI: 100–100) (Table  6). There was no substantial 
heterogeneity among the 21 studies (p = 0.99;  I2 = 0%).

Antibacterial activity of dalbavancin
The prevalence of dalbavancin susceptibility is available 
in 11 studies. The overall antibacterial activity of tedi-
zolid was 0.060, and 0.120 µg/mL for  MIC50 and  MIC90 
in 28539 MRSA isolates, respectively. Out of 11 studies, 
the pooled prevalence of dalbavancin susceptibility was 
100% (95% CI: 100–100) (Table  6). There was no sub-
stantial heterogeneity among the 11 studies (p = 0.61; 
 I2 = 0%).

Antibacterial activity of oritavancin
The prevalence of oritavancin susceptibility was avail-
able in 2 studies. The overall antibacterial activity of 
oritavancin was 0.045, and 0.120 µg/mL for  MIC50 and 
 MIC90 in 420 MRSA isolates, respectively.

Antibacterial activity of telavancin
The prevalence of telavancin susceptibility was avail-
able in 8 studies. The overall antibacterial activity of tela-
vancin was 0.032, and 0.060 µg/mL for  MIC50 and  MIC90 
in 7353 MRSA isolates, respectively. From 8 studies, the 
pooled prevalence of telavancin susceptibility was 100% 
(95% CI: 100–100) (Table  6). There was no substantial 
heterogeneity among the eight studies (p = 0.86;  I2 = 0%).

Discussion
MRSA is considered one of the most critical human 
health problems worldwide [26]. Empirical therapies 
by vancomycin and linezolid were reliable options for 
treating MRSA infections [27]. However, reports on 
decreasing susceptibility to vancomycin and linezolid 
are worrying [28]. It is critical to introduce and charac-
terize new effective and safe antibiotics to prevent and 
control the infections related to MRSA strains [29]. The 
findings from a systematic review demonstrated that the 
prevalence of VRSA increased in recent years around the 
world [30]. It also was shown that different continents 
and countries are struggling with VRSA strains [30].

Compared with the classic glycopeptides, our meta-
analysis shows a higher antibacterial activity of a new 
class of lipoglycopeptides (telavancin and dalbavancin 
susceptibilities were 100%). Moreover, the estimated 
MIC values of three lipoglycopeptides  (MIC50/MIC90, 
0.060/0.120  µg/mL for dalbavancin,  MIC50/MIC90, 
0.032/0.060  µg/mL for telavancin,  MIC50/MIC90, 
0.045/0.120  µg/mL for oritavancin) against MRSA 
strains are much lower than the MIC value of vancomy-
cin for MRSA in the literature [31]. Moreover, against 
both vancomycin-resistant Enterococcus (VRE) and 
vancomycin-susceptible Enterococcus (VSE), the MIC 
value of lipoglycopeptides is much lower than the MIC 
value of vancomycin [16].
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MIC50/90 values of dalbavancin (0.06/0.12 µg/mL) are 
very similar to another systematic review published by 
Sadr in 2017 [32]. Moreover, compared to vancomycin, 
previous studies indicated that dalbavancin showed 
potent  activity against biofilm-forming bacteria [33, 
34]. However, a network meta-analysis showed no sig-
nificant differences between dalbavancin and vanco-
mycin in treating acute bacterial skin and soft-tissue 
infections (SSTIs) [35]. Dalbavancin susceptibility was 
more than 99% in the published systematic review in 
2017, as our results [32].

In our study, the  MIC50 value of oritavancin against 
MRSA strains is similar to a systematic review by 
Mendes et al. in 2015 [36]. Solo clinical trials show that 
oritavancin is more effective than vancomycin against 
MRSA infections [37]. Mendes et al. [36] evaluated the 
activity in vitro of oritavancin and comparators against 
Gram-positive pathogens causing SSTIs in European 
and US hospitals. They showed that oritavancin sus-
ceptibility in Gram-positive clinical isolates from 
the United States and Europe were 98.4% and 98.9%, 
respectively [36]. However, our meta-analysis stud-
ied worldwide data, and oritavancin susceptibility was 
100%.

A previous systematic review and meta-analysis pub-
lished in 2019 reported that the  MIC50 and  MIC90 of 
tedizolid were 0.250 and 0.500 µg/mL, respectively [38]. 
These MIC values are lower than the MIC values of van-
comycin against MRSA strains [39, 40]. It was also shown 
that the MIC of tedizolid is much lower than the MIC of 
vancomycin against VISA strains [41]. In addition, tedi-
zolid demonstrated greater in vitro potency than linezolid 
against MRSA strains, but further research is required for 
a treatment recommendation. However, published stud-
ies showed that some adverse events are related to the 

Table 2 Antibacterial activity of mentioned antibiotics against 
MRSA isolates

Variable MIC50 MIC90 MIC range

Min. Max.

Dalbavancin

Mode 0.060 0.120 0.030 0.220

Min. 0.008 0.060 0.023 0.120

Max. 0.250 0.250 0.250 2.000

Oritavancin

Mode 0.045 0.120 0.033 0.625

Min. 0.030 0.120 0.002 0.250

Max. 0.060 0.120 0.064 1.000

Tedizolid

Mode 0.250 0.500 0.030 0.500

Min. 0.120 0.120 0.015 0.060

Max. 0.500 1.000 0.250 4.000

Telavancin

Mode 0.032 0.060 0.064 0.500

Min. 0.030 0.060 0.030 0.120

Max. 0.250 0.500 0.250 16.000

Table 3 Antibacterial activity of dalbavancin against MRSA 
isolates based on year groups

Dalbavancin MIC50 MIC90 MIC50/90 Susceptibility 
rate (%)

2010–2015 Median 0.06 0.1225 1 100

Min. 0.008 0.06 1 98.8

Max. 0.25 0.25 31.25 100

2016–2020 Median 0.094 0.12 1.276 100

Min. 0.03 0.06 1 99.64

Max. 0.125 0.125 2 100

Table 4 Antibacterial activity of telavancin against MRSA isolates 
based on year groups

Telavancin MIC50 MIC90 MIC90/50 Susceptibility 
rate (%)

2010–2015 Median 0.25 0.25 2 100

Min. 0.03 0.06 2 100

Max. 0.25 0.5 1 100

2016–2020 Median 0.032 0.06 2 100

Min. 0.03 0.06 1 100

Max. 0.06 0.064 2 100

Table 5 Antibacterial activity of tedizolid against MRSA isolates 
based on year groups

Tedizolid MIC50 MIC90 MIC50/90 Susceptibility 
rate (%)

2010–2015 Median 0.25 0.5 1 100

Min. 0.25 0.25 1 99.7

Max. 0.5 1 2 100

2016–2020 Median 0.25 0.5 1.2 100

Min. 0.12 0.12 1 99.6

Max. 0.5 0.5 2 100
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simultaneous administration of telavancin and tedizolid 
[42, 43]. Moreover, in our meta-analysis, the MIC values 
and susceptibility rates for all four antibiotics were inves-
tigated in two periods (2010–2015 and 2016–2020), and 
findings were very similar between the two periods. The 
limited use of these antibiotics and their specific action 
mechanisms help explain this lack of change.

In conclusion, our results demonstrated that dal-
bavancin, oritavancin, telavancin, and tedizolid have 
antibacterial activity in  vitro against MRSA isolates. 
However, future preclinical and clinical research are 
necessitated to support our findings.
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