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Background: Treatment of staphylococcal infections has been complicated by the 

continuous emergence of antibiotic-resistant strains. Objective: In this study, we 

investigated the resistance pattern of clinical isolates of both coagulase-positive and 

coagulase-negative staphylococci to antibiotics recently introduced to treat 

staphylococcal infections. Methodology: Minimum inhibitory concentrations of 

antibiotics were determined by agar dilution or broth microdilution method. 

Identification of daptomycin- and linezolid-resistant isolates was performed by matrix-

assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS). 

Moreover, the mechanism of resistance to daptomycin and linezolid was investigated on 

the molecular basis using PCR and amplicon sequencing. Results: Out of 104 

staphylococci, 9 were resistant to ciprofloxacin (8.7%), 68 to clindamycin (65.4%), 2 to 

daptomycin (1.9%), 54 to erythromycin (51.9%), 6 to linezolid (5.8%), 3 to 

nitrofurantoin (2.9%), 75 to oxacillin (72.1%), 37 to teichoplanin (35.6%), 69 to 

tetracycline (66.3%), 51 to tigecycline (49%), and 41 to vancomycin (39.4%). 

Identification of daptomycin- and linezolid-resistant isolates revealed that they belong to 

Staphylococcus aureus, S. hominis, S. capitis, and S. epidermidis. In addition, 

sequencing of the mprF gene conferring daptomycin resistance revealed L431F and 

S829L point mutations in the two resistant isolates identified as S. aureus and S. hominis, 

respectively. Furthermore, linezolid resistance was due to optrA gene in two, and cfr in 

three of the resistant isolates. Conclusion: Resistance to the last-resort antibiotics used 

to treat staphylococcal infection has emerged. Therefore, the use of daptomycin and 

linezolid should be restricted to critical cases not susceptible to other available agents. 

 
INTRODUCTION 

 

Staphylococci are Gram-positive and catalase-

positive spherical bacteria with great clinical 

significance in human. They are opportunistic 

pathogens which inhabit the skin and mucous 

membranes. They can also disseminate to body organs 

through damaged skin to cause deep-seated infections 

for instance bacteraemia, osteomyelitis, pneumonia, and 

encephalitis
1
. Based on their capacity to coagulate 

citrated plasma, staphylococci can be differentiated into 

coagulase-positive staphylococci (CoPS) such as S. 

aureus, S. intermedius and S. hyicus, and coagulase-

negative staphylococci (CoNS) such as S. epidermidis, 

S. capitis, and S. hominis. Among all staphylococci, S. 

aureus is the most abundant species linked with human 

infections. However, CoNS are also cause for concern 

as they have been linked to nosocomial infections 

particularly in immunocompromised individuals
2-4

. 

Management of infections caused by staphylococci 

has been complicated by the constant emergence of non-

susceptible strains
5, 6

. Most staphylococci recovered 

from clinical sources were found non-susceptible to 

methicillin and, generally, resistant to several other 

classes of antibiotics especially penicillins, 

cephalosporins, quinolones, macrolides, and 

aminoglycocides
7, 8

. The traditional approach is to use 

vancomycin as a first-line therapy for methicillin-

resistant strains of both CoPS and CoNS. Vancomycin 

interferes with the cell wall formation in target bacteria 

by binding to and inactivating essential precursors 

involved in the biosynthesis of cell wall at the division 

septum. However, evolution of vancomycin non-

susceptibility in staphylococci has been reported
9
. 

Vancomycin resistance occurs when the bacterial cell 

wall becomes thickened due to mutations, providing 

protective barrier that prevents access of the 

antibacterial agent to its target. This situation has lead to 

an increased utilization of last-resort antibiotics for the 

management of staphylococcal diseases, particularly 

daptomycin, and linezolid
10

.  
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Daptomycin is a bactericidal lipopeptide antibiotic 

with outstanding activity against Gram-positive 

bacteria. This antibiotic was introduced in clinical use in 

2004. Since then, it has been utilized as a last-line agent 

in the treatment of severe cases such as those caused by 

methicillin-resistant S. aureus (MRSA)
11

. It exerts its 

effect by inserting itself into the cytoplasmic membrane 

of target bacterial cells in a calcium-dependent way and 

thereby causes membrane depolarization, efflux of 

potassium ions, and eventually cell death
12

. Linezolid is 

another last-resort therapeutic alternative for treating 

infections due to multidrug-resistant staphylococci. It 

belongs to the oxazolidinone class of antibacterial 

agents and was approved in 2000 for treating 

pneumonia and skin infections due to MRSA
13

. 

Linezolid exhibits broad spectrum of bacteriostatic 

action by blocking bacterial protein synthesis through 

interfering with the 23S rRNA of the 50S ribosomal 

subunit
14

. 

The aim of the present study was to investigate the 

susceptibility of both CoPS and CoNS isolated from 

clinical sources to the last-resort antibiotics used to treat 

staphylococcal infections. The molecular mechanism of 

resistance was also explored in daptomycin- and 

linezolid-resistant isolates.  

 

METHODOLOGY 
 

Staphylococcal isolates: 

We collected a total of 104 clinical isolates of 

staphylococci from Kasr Al-ainy hospital over a six-

month period (between March and August 2019). 

Preliminary identification of isolates was based on 

phenotypic characteristics such as growth on mannitol 

salts agar (Oxoid), colony and cell morphology, Gram 

stain, and catalase production. Pure cultures were stored 

in tryptone soya broth, TSB (Oxoid) with 20 % (v/v) 

glycerol at – 80 ºC. Tube coagulase test was used to 

differentiate between CoPS and CoNS isolates
15

. S. 

aureus ATCC 29737 and S. epidermidis ATCC 35984 

reference strains were used as positive and negative 

controls, respectively. 

Determination of minimum inhibitory concentrations: 

Eleven antibiotics used in treating staphylococcal 

infections were assessed in this study. These included 

ciprofloxacin, clindamycin, daptomycin, erythromycin, 

linezolid, nitrofurantoin, oxacillin, teichoplanin, 

tetracycline, tigecycline, and vancomycin. MIC values 

were determined by the agar dilution method on 

Mueller-Hinton Agar, MHA (Oxoid) based on the 

guidelines of the Clinical and Laboratory Standards 

Institute, CLSI
16

 except for daptomycin. Daptomycin 

was tested by the broth microdilution method on cation-

adjusted MH broth (CAMHB) supplemented with 50 

µg/ml calcium
16

. For testing oxacillin, 2% NaCl was 

added to the medium. Plates were prepared with a 

concentration range of 512- 0.125 µg/ml of each 

antibiotic. Test bacteria were inoculated on the agar 

surface in 2-µl volumes containing about 10
4
 CFU. For 

daptomycin, the concentration range was made up in 

200-µl volumes in 96-well plates and inoculated with 

10
4
 CFU/well of test bacteria. Plates were then 

incubated at 37º C for 20 h. After incubation, MICs 

were read as the minimal concentration of the antibiotic 

at which no bacterial growth was detected. 

Interpretation of results was based on the MIC 

breakpoints of the CLSI
16

 except for tigecycline for 

which MIC breakpoints of the British Society for 

Antimicrobial Chemotherapy, BSAC
17

 were used. 

Identification of resistant isolates: 

Staphylococcal isolates showing phenotypic 

resistance to daptomycin or linezolid were identified to 

the species level using matrix-assisted laser desorption 

ionization-time of flight mass spectrometry, MALDI-

TOF MS (MALDI Biotyper®, Bruker, Germany) 

according to the manufacturer′s instructions. 

Identification of resistance mechanism: 

The mechanisms underlying resistance to 

daptomycin and linezolid was explored by a molecular 

approach. The mprF gene was amplified from the two 

daptomycin-resistant isolates by PCR and the amplicons 

were sequenced to determine possible mutations. The 

presence of optrA or cfr genes conferring linezolid 

resistance was also investigated in the six linezolid-

resistant isolates. Oligonucleotide primers designed for 

the amplification of mprF, optrA, and cfr are shown in 

Table 1. Total DNA was prepared from bacterial 

cultures grown in TSB. The PCR reaction was set up as 

follows: 5 l of DNA, 1 M of each primer, 10 l of 

thermopol buffer, 2 l of MgSO4, 2 units of Vent® 

DNA polymerase (New England Biolabs, UK) and 50 

M of dNTPs (Promega). The reaction volume was 

made up to 100 l using sterile dH2O. The reactions 

were primarily heated to 95 ºC for 5 min and run 

through 40 cycles of (95 ºC for 30 s, 60 ºC for 30 s, 72 

ºC for 1 min), and then heated to 72 ºC for 5 min in a 

PCR machine (SensoQuest GmbH, Germany). The 

amplified fragments were resolved by gel 

electrophoresis on 1 % agarose. The two purified mprF 

gene samples were sent to Sigma-Scientific Co. (Cairo, 

Egypt) for sequencing. DNA sequencing was performed 

according to the dideoxy method
18

. The obtained 

sequences were compared to mprF sequence using 

BLAST
19

 at the NCBI (https://www.ncbi.nlm.nih.gov/) 

and mutations determined.  
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Table 1:  Oligonucleotide primers used in this study 

Gene Primer Nucleotide sequence (5’-3’) Amplicon size (bp) Reference 

mprF Forward ATGAATCAGGAAGTTAAAAACA 2523 This study 

Reverse TCCAAGCGCTTCAGGCATAA 

optrA Forward AGGTGGTCAGCGAACTAA 1395 20 

Reverse ATCAACTGTTCCCATTCA 

cfr Forward TGAAGTATAAAGCAGGTTGGGAGTCA 746 21 

Reverse ACCATATAATTGACCACAAGCAGC 

 

 

 

Nucleotide sequence accession numbers: 

The nucleotide sequences of the complete coding 

region of the mprF gene amplified from S. aureus 

isolate STAPH64 (YM2) and S. hominis isolate 

STAPH101 (YM3) showing mutations that resulted in 

daptomycin non-susceptibility were deposited in the 

GenBank Data Library under accession numbers 

MW387039 and MW387040, respectively. 

 

RESULTS 
 

Susceptibility of isolates to tested antibiotics:  

The tube coagulase test results revealed that out of 

the 104 isolates preliminarily identified as 

staphylococci, 55 were CoPS and 49 were CoNS. We 

tested the susceptibility of isolates to the eleven tested 

antibiotics by MIC determination. The MIC values 

(range, MIC50 and MIC90) for tested antibiotics are 

shown in Table 2. Data revealed that the MIC values for 

antibiotics were generally higher in the CoPS subset of 

test bacteria than those in the CoNS group. Data also 

showed that among the newly introduced antibiotics for 

staphylococcal infections, daptomycin resistance with 

MIC value of 4 µg/ml was detected. Moreover, higher 

MIC values for linezolid (32 µg/ml), nitrofurantoin (256 

µg/ml), and vancomycin (32 µg/ml) were also recorded 

among test bacteria (Table 2). 

 

 

 

 

Table 2: MIC of tested antibiotics against 104 clinical staphylococcal isolates 

 

Antibiotic 

Minimum Inhibitory Concentration (µg/ml) 

CoPS (n=55) CoNS (n=49) 

MIC range MIC50 MIC90 MIC range MIC50 MIC90 

Ciprofloxacin 0.5- 8 1 2 0.125- 8 1 2 

Clindamycin 0.125- 64 8 64 0.125- 64 8 16 

Daptomycin 0.125- 4 0.25 1 0.125- 4 0.25 0.5 

Erythromycin 0.25- 128 16 32 0.25- 64 16 32 

Linezolid 0.5- 32 4 4 0.25- 16 4 4 

Nitrofurantoin 2- 256 32 64 2- 128 32 32 

Oxacillin 0.5- >256 64 256 0.25- >256 32 128 

Teichoplanin 0.25- 32 4 32 0.25- 32 8 16 

Tetracycline 1- 256 128 256 1- 128 64 64 

Tigecycline 0.125- 8 0.5 4 ˂0.125- 4 0.25 4 

Vancomycin 0.25- 32 16 16 0.125- 32 16 32 

CoPS, coagulase-positive staphylococci; CoNS, coagulase-negative staphylococci. MIC50 and 

MIC90, MIC value at which ≥ 50% and ≥90% of the isolates are inhibited, respectively. 

 

 

Data also revealed that resistance to oxacillin was 

the most common among tested isolates followed by 

resistance to tetracycline, clindamycin, erythromycin, 

and tigecycline. On the other hand, most of isolates 

were susceptible to daptomycin, nitrofurantoin, 

linezolid, and ciprofloxacin (Figure 1). 
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Fig. 1: Prevalence of antibiotic resistance in 104 clinical staphylococci isolates. CIP, ciprofloxacin; CLD, 

clindamycin; DAP, daptomycin; ERY, erythromycin; LZD, linezolid; NFN, nitrofurantoin; OXA, oxacillin; TPN, 

teichoplanin; TET, tetracycline; TIG, tigecycline; VAN, vancomycin. 

 

 

Confirmation of identity and characterization of 

resistant isolates: 

We further identified the isolates showing 

phenotypic non-susceptibility to either daptomycin or 

linezolid using MALDI-TOF MS. The two daptomycin-

resistant isolates; STAPH64 and STAPH101 were 

identified as S. aureus and S. hominis, respectively. For 

GenBank submission purposes, these two daptomycin-

resistant isolates were designated as S. aureus strain 

YM2 and S. hominis strain YM3. Both strains had 

daptomycin MIC of 4 µg/ml and were, in addition, 

resistant to multiple other antibiotics (Table 3). The six 

linezolid-resistant isolates were also multidrug resistant 

and belonged to three staphylococcal species; S. capitis, 

S. aureus, and S. epidermidis with linezolid MIC range 

of 8- 32 µg/ml (Table 3). 

 

 

Table 3: Characterization of daptomycin and linezolid resistant isolates 

Isolate Identification MIC (µg/ml) Resistance phenotype 

Daptomycin-resistant 

STAPH64 (YM2) S. aureus 4 CIP, CLD, ERY, OXA, TPN, TET, TIG, VAN  

STAPH101(YM3) S. hominis 4 CLD, ERY, OXA, TPN, TET, VAN 

Linezolid-resistant 

STAPH18 S. capitis 16 CLD, ERY, OXA, TET, TIG 

STAPH31 S. aureus 32 ERY, OXA, TPN, TET, TIG, VAN 

STAPH38 S. aureus 8 CLD, ERY, OXA, TPN, TET, TIG, VAN 

STAPH86 S. epidermidis 8 CIP, CLD, OXA, TET, TIG, VAN 

STAPH92 S. aureus 16 CLD, ERY, OXA, TET 

STAPH99 S. aureus 32 CIP, CLD, ERY, OXA, TPN, TET, VAN  
CIP, ciprofloxacin; CLD, clindamycin; ERY, erythromycin; OXA, oxacillin; TPN, teichoplanin; TET, tetracycline; TIG, tigecycline; 

VAN, vancomycin. 

 

Molecular characterization of resistant isolates: 

To characterize the molecular mechanism of 

daptomycin non-susceptibility, the mprF was amplified 

from the two daptomycin-resistant isolates by PCR and 

the amplicons were sequenced to detect any potential 

mutations linked to daptomycin resistance. The gene 

sequences were then aligned to the reference 

staphylococcal mprF gene using the NCBI BLAST. 

Results revealed that daptomycin resistance was due to 

mutations in the nucleotide sequence of the mprF gene, 

which resulted in point mutations in the corresponding 

MprF protein. In isolate STAPH64 (S. aureus strain 

YM2), the leucine residue 431 was substituted with 

phenylalanine (L431F) while in isolate STAPH101 (S. 

hominis strain YM3), the serine residue 829 was 

replaced by leucine (S829L). The 2523-bp mprF gene 

amplified from strain YM2 and strain YM3 is shown in 

Figure 2A and the location of the detected point 

mutations in the MprF protein is shown in Figure 

2B&C. 
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Fig. 2: Molecular characterization of daptomycin resistance. In (A), the 2523-bp mprF gene was amplified by PCR 

from daptomycin-resistant isolates STAPH64 (lane 2) and STAPH101 (lane 3). In (B), the amino acid sequence of 

STAPH64 MprF compared to the reference sequence showing L431F point mutation that resulted in daptomycin 

resistance. In (C), the amino acid sequence of STAPH101 MprF compared to the reference sequence showing S829L 

point mutation. 

 

 

 

Moreover, we also explored the molecular 

mechanism of linezolid resistance in the six isolates 

showing phenotypic resistance to linezolid. The optrA 

and cfr genes associated with linezolid resistance were 

amplified by PCR. The optrA gene was detected in 

isolate STAPH18 (S. capitis) and isolate STAPH92 (S. 

aureus) while linezolid resistance was due to the 

presence of cfr gene in three S. aureus isolates 

(STAPH31, STAPH38 and STAPH99). We could not 

detect either optrA or cfr in S. epidermidis (isolate 

STAPH86) suggesting that linezolid resistance in this 

isolate could be due to different mechanism (Figure 3). 

 

 

 

 
Fig. 3: Molecular characterization of linezolid 

resistance. The optrA and cfr genes were amplified by 

PCR from the six linezolid-resistant isolates. Lane 1, 

DNA ladder; lane 2, STAPH18 (S. capitis); lane 3, 

STAPH31 (S. aureus); lane 4, STAPH38 (S. aureus); 

lane 5, STAPH86 (S. epidermidis); lane 6, STAPH92 (S. 

aureus); lane 7, STAPH99 (S. aureus). 

 

 

DISCUSSION 
 

Antimicrobial resistance (AMR) represents a major 

public health problem worldwide. In a recent review on 

AMR, it was estimated that deaths due to multidrug-

resistant pathogens could reach 10 million lives 

annually by the year 2050 unless action is taken
22

. In the 

fight against AMR, surveillance and prevalence studies 

are essential to the management of infectious diseases. 

Staphylococci are one of the most important bacterial 

species associated with hospital- and community-

acquired infections. Treatment of staphylococcal 

diseases due to susceptible strains can be achieved by 

using β-lactams, tetracycline, clindamycin, or 

fuoroquinolones. However, most staphylococci are now 

resistant to these first-line therapeutic agents. The use of 

the glycopeptides; vancomycin and teichoplanin proved 

useful in multidrug-resistant staphylococci. Though, 

certain conditions such as bacteraemia and endocarditis 

due to non-susceptible strains usually require the 

utilization of the last-resort antibiotics; tigecycline, 

daptomycin, or linezolid
23, 24

.  

In the present study, we investigated the 

susceptibility of both CoPS and CoNS from clinical 

sources to antibiotics commonly used to treat 

staphylococcal diseases. Data suggested that resistance 

to oxacillin, tetracycline, and clindamycin was the most 

widespread among all tested isolates. This could be 

attributed to the massive use of these antibacterial 

agents in the clinical settings and the ease by which the 

resistance factors are exchanged between different 

species in mixed bacterial populations. Resistance to 

vancomycin (39.4%) was also alarming giving that 

vancomycin is the first-line therapy for MRSA 

infections. Results of vancomycin non-susceptibility 
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shown here are also similar to that of a recent study on 

CoNS reported by our research group
25

. Another finding 

of the present study that is a cause for concern is the 

prevalence of tigecycline resistance (49%) among tested 

isolates. Tigecycline is a member of a recently-

introduced class of antibiotics known as glycylcyclines 

with activity against both Gram-positive and Gram-

negative bacteria
26

. This antibiotic was approved in 

2005 for treating skin infections and pneumonia
27

. 

Tigecycline is also considered an alternative therapy for 

MRSA infections. Tigecycline resistance that was 

conferred by the upregulation of efflux proteins due to 

alterations in mepR and mepA genes has been reported
28

. 

Despite the evolution of tigecycline resistance, the 

antibiotic was found highly effective (99.9%) on MRSA 

in a latest systematic review
11

. On the other hand, the 

prevalence of non-susceptibility to daptomycin, 

nitrofurantoin, linezolid, and ciprofloxacin in this study 

was the least among tested staphylococci. Therefore, 

these antibiotics can still be used to treat staphylococcal 

infections.  

Given the significance of daptomycin and linezolid 

as last-resort antibiotics in the management of 

staphylococcal infections, it was important to verify the 

identity of non-susceptible isolates, to find out the 

molecular basis of resistance, and to assess the presence 

of transferable resistance elements in the clinical setting. 

Therefore, we adopted MALDI-TOF to identify the 

isolates and explored the molecular mechanisms 

underlying the daptomycin and linezolid non-

susceptibility by PCR and amplicon sequencing. Perfect 

identification of resistant isolates was achieved using 

MALDI-TOF MS. This analytical technique has been 

widely used for the identification of clinical bacteria 

with high accuracy
29

. Results of the identification of 

daptomycin-resistant isolates STAPH64 and STAPH101 

(MIC 4 g/ml) revealed that STAPH64 was S. aureus 

and STAPH101 was S. hominis. Other studies have 

reported the evolution of daptomycin resistance in both 

S. aureus and CoNS especially S. capitis
6, 30

. In 

addition, the six linezolid-resistant isolates (MIC 8-32 

g/ml) were identified as S. aureus (4 isolates), S. 

capitis (1 isolate), and S. epidermidis (1 isolate). Similar 

results on linezolid-resistant strains of CoPS and CoNS 

were recently reported
31, 32

. The results of daptomycin 

and linezolid non-susceptibility presented here as well 

as those reported in previous studies suggest that the 

genetic entities conferring resistance to these agents can 

spread between different staphylococcal species. We 

then characterized the genetic basis of resistance in 

these isolates.  

Daptomycin is a lipopeptide antibacterial agent that 

efficiently kills staphylococci. Current information on 

daptomycin resistance in staphylococci suggests that 

non-susceptibility results from different mutations in the 

genes involved in phospholipid biosynthesis. The most 

widespread gene, which is linked to daptomycin non-

susceptibility in clinical strains is the mprF gene
33

. The 

mprF gene encodes for a bifunctional membrane protein 

phosphatidylglycerol lysyltransferase (also recognized 

as Multiple Peptide Resistance Factor, MprF). The 

MprF protein comprises three domains; an N-terminal 

flippase domain, a C-terminal synthase domain, and a 

central bifunctional domain
34

. Amino acid replacements 

linked to daptomycin resistance were observed in all 

three domains. Examples of these point mutations 

include G61V in the flippase domain, L826F in catalytic 

synthase domain, and T345I in the central domain
35

. 

Data presented here revealed an amino acid replacement 

in the C-terminal domain of the MprF protein of both 

resistant isolates (GenBank accession numbers 

MW387039 and MW387040). In STAPH64 isolate (S. 

aureus YM2), daptomycin resistance was due to the 

substitution of leucine residue 431 with phenylalanine 

(L431F) and in STAPH101 (S. hominis YM3), serine 

residue 829 was substituted with leucine (S829L). The 

S829L point mutation was reported before in a clinical 

isolate with daptomycin-resistant phenotype after 

extended treatment of endocarditis originally infected 

with a susceptible S. aureus strain
33

. This proposes that 

the same point mutation can occur in different 

staphylococcal strains. 

Linezolid is the first licensed oxazolidinone with 

broad-spectrum activity against multidrug-resistant 

Gram-positive bacteria. Non-susceptibility to linezolid 

has been distinguished among both CoPS and CoNS 

soon after its deployment
36

. Linezolid resistance is 

conferred by mutations in domain V of the 23S rRNA or 

by the acquisition of resistance genes such as cfr, optrA, 

or poxtA
37

. The chloramphenicol-florfenicol resistance 

(cfr) gene codes for the enzyme 23S rRNA 

methyltransferase. The cfr gene confers multidrug 

resistance phenotype to oxazolidinone in addition to 

other antibacterial agents such as phenicols, 

lincosamides, pleuromutilins, and streptogramin A
38

. 

The optrA gene encodes an ATP-binding protein that 

confers non-susceptibility to oxazolidinones through 

ribosomal protection
39

. Recently, the poxtA gene was 

reported in MRSA strains to be associated with 

decreased susceptibility to oxazolidinones, phenicols, 

and tetracycline
40

. Molecular analysis of linezolid-

resistant isolates in the present study revealed that optrA 

gene was found in two isolates identified as S. capitis 

and S. aureus. In addition, linezolid resistance was due 

to cfr in three S. aureus isolates while the S. epidermidis 

isolate had neither optrA nor cfr suggesting that 

linezolid resistance in this isolate could be due to other 

mechanism such as mutation in the 23S rRNA. The 

detection of transferable plasmid-borne genes such as 

cfr and optrA in the clinical isolates studied here is of 

great epidemiological significance as these genes could 

easily disseminate to other strains and species in clinical 

setting. 
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CONCLUSION 
 

We herein report on the evolution of resistance to 

the last-resort antibiotics particularly daptomycin and 

linezolid in both coagulase-positive and coagulase-

negative staphylococci from clinical sources. 

Identification of isolates showing phenotypic non-

susceptibility to daptomycin and linezolid revealed that 

most of the resistant isolates were S. aureus. Moreover, 

resistance in S. hominis, S. capitis, and S. epidermidis 

was also detected. Molecular analysis of resistant 

isolates revealed that daptomycin resistance was due to 

point mutations; L431F and S829L in the MprF protein 

of S. aureus and S. hominis, respectively. Moreover, 

optrA and cfr genes were detected in linezolid-resistant 

isolates. Accordingly, we recommend restricting the use 

of these antibiotics to life-threatening conditions where 

the therapeutic use of other agents is not successful.  

 

Authors’ contributions:  

 Yasser M. Ibrahim conceived and designed the 

study.  

 Yasser M. Ibrahim, Nouran H. Assar, and Ahmed 

M. Abouwarda carried out the experiments.  

 Yasser M. Ibrahim, Nouran H. Assar, and Ahmed 

M. Abouwarda analyzed the data.  

 Yasser M. Ibrahim wrote the manuscript.  

 Nouran H. Assar and Ahmed M. Abouwarda 

critically reviewed the manuscript.  

 

Acknowledgment:  
We appreciate the support from the National 

Organization for Drug Control and Research. 

 

 The authors declare that they have no financial or 

non financial conflicts of interest related to the 

work done in the manuscript.  

 Each author listed in the manuscript had seen and 

approved the submission of this version of the 

manuscript and takes full responsibility for it. 

 This article had not been published anywhere and is 

not currently under consideration by another 

journal or a publisher. 

 

REFERENCES 
 

1. Bannerman T. Staphylococcus, Micrococcus, and 

other catalase-positive cocci that grow aerobically. 

In: Murray PBE, Jorgensen JH, Pfaller MA, Yolken 

RH, Editors. Manual of clinical microbiology, 

Washington, DC: ASM Press; 2004, p. 384–404. 

2. McCann MT, Gilmore BF, Gorman SP. 

Staphylococcus epidermidis device-related 

infections: pathogenesis and clinical management. J 

Pharm Pharmacol 2008; 60: 1551-1571. 

3. Ruiz de Gopegui E, Iuliana Marinescu C, Diaz P, 

Socias A, Garau M, Ayestaran JI, et al. Nosocomial 

spread of linezolid-resistant Staphylococcus 

hominis in two hospitals in Majorca. Enferm Infecc 

Microbiol Clin 2011; 29: 339-344. 

4. Rasigade JP, Raulin O, Picaud JC, Tellini C, Bes 

M, Grando J, et al. Methicillin-resistant 

Staphylococcus capitis with reduced vancomycin 

susceptibility causes late-onset sepsis in intensive 

care neonates. PLoS One 2012; 7: e31548. 

5. May L, Klein EY, Rothman RE, Laxminarayan R. 

Trends in antibiotic resistance in coagulase-

negative staphylococci in the United States, 1999 to 

2012. Antimicrob Agents Chemother 2014; 58: 

1404-1409. 

6. Jiang JH, Dexter C, Cameron DR, Monk IR, Baines 

SL, Abbott IJ, et al.. Evolution of Daptomycin 

Resistance in Coagulase-Negative Staphylococci 

Involves Mutations of the Essential Two-

Component Regulator WalKR. Antimicrob Agents 

Chemother 2019; 63(3): e01926-18. 

7. Andrews J, Ashby J, Jevons G, Marshall T, Lines 

N, Wise R. A comparison of antimicrobial 

resistance rates in Gram-positive pathogens isolated 

in the UK from October 1996 to January 1997 and 

October 1997 to January 1998. J Antimicrob 

Chemother 2000; 45: 285-293. 

8. Kresken M, Hafner D. Drug resistance among 

clinical isolates of frequently encountered bacterial 

species in central Europe during 1975-1995. Study 

Group Bacterial Resistance of the Paul-Ehrlich-

Society for Chemotherapy. Infection 1999; 27 

(Suppl 2): S2-8. 

9. Shekarabi M, Hajikhani B, Salimi Chirani A, Fazeli 

M, Goudarzi M. Molecular characterization of 

vancomycin-resistant Staphylococcus aureus strains 

isolated from clinical samples: A three year study in 

Tehran, Iran. PLoS One 2017; 12: e0183607. 

10. Becker K, Heilmann C, Peters G. Coagulase-

negative staphylococci. Clin Microbiol Rev 2014; 

27: 870-926. 

11. Shariati A, Dadashi M, Chegini Z, van Belkum A, 

Mirzaii M, Khoramrooz SS, et al. The global 

prevalence of Daptomycin, Tigecycline, 

Quinupristin/Dalfopristin, and Linezolid-resistant 

Staphylococcus aureus and coagulase-negative 

staphylococci strains: a systematic review and 

meta-analysis. Antimicrob Resist Infect Control 

2020; 9: 56. 

12. Baltz RH. Daptomycin: mechanisms of action and 

resistance, and biosynthetic engineering. Curr Opin 

Chem Biol 2009; 13: 144-151. 

13. Senior K. FDA approves first drug in new class of 

antibiotics. Lancet 2000; 355: 1523. 



Ibrahim et al. / Resistance to last-resort antibiotics, Volume 30 / No. 1 / January 2021   191-199 

 

 

Egyptian Journal of Medical Microbiology 

www.ejmm-eg.com     info@ejmm-eg.com 
198 

14. Long KS, Vester B. Resistance to linezolid caused 

by modifications at its binding site on the ribosome. 

Antimicrob Agents Chemother 2012; 56: 603-612. 

15. Sah S, Bordoloi P, Vijaya D, Amarnath SK, Sheela 

Devi C, Indumathi VA, et al. Simple and 

economical method for identification and speciation 

of Staphylococcus epidermidis and other coagulase 

negative Staphylococci and its validation by 

molecular methods. J Microbiol Methods 2018; 

149: 106-119. 

16. CLSI. Performance standards for antimicrobial 

susceptibility testing, 28th ed. CLSI supplement 

M100 edn. Clinical and Laboratory Standards 

Institute, Wayne, PA, 2018. 

17. Andrews JM, Howe RA. BSAC standardized disc 

susceptibility testing method (version 10). J 

Antimicrob Chemother 2011; 66: 2726-2757. 

18. Sanger F, Nicklen S, Coulson AR. DNA 

sequencing with chain-terminating inhibitors. Proc 

Natl Acad Sci USA 1977; 74: 5463-5467. 

19. Altschul SF, Gish W, Miller W, Myers EW, 

Lipman DJ. Basic local alignment search tool. J 

Mol Biol 1990; 215: 403-410. 

20. Wang Y, Lv Y, Cai J, Schwarz S, Cui L, Hu Z, et 

al. A novel gene, optrA, that confers transferable 

resistance to oxazolidinones and phenicols and its 

presence in Enterococcus faecalis and 

Enterococcus faecium of human and animal origin. 

J Antimicrob Chemother 2015; 70: 2182-2190. 

21. Kehrenberg C, Schwarz S. Distribution of 

florfenicol resistance genes fexA and cfr among 

chloramphenicol-resistant Staphylococcus isolates. 

Antimicrob Agents Chemother 2006; 50: 1156-

1163. 

22. Review on Antimicrobial Resistance. Tackling 

drug-resistant infections globally: final report and 

recommendations. 2016; http://amr-review.org/. 

23. Amyes SGB. Treatment of staphylococcal 

infection. BMJ (Clinical research ed.) 2005; 330: 

976-977. 

24. Lewis PO, Heil EL, Covert KL, Cluck DB. 

Treatment strategies for persistent methicillin-

resistant Staphylococcus aureus bacteraemia. J Clin 

Pharm Ther 2018; 43: 614-625. 

25. Ibrahim YM, Abu El-Wafa WM. Evaluation of 

fosfomycin combined with vancomycin against 

vancomycin-resistant coagulase negative 

staphylococci. J Chemother 2020; 32: 411-419. 

26. Gales AC, Jones RN. Antimicrobial activity and 

spectrum of the new glycylcycline, GAR-936 tested 

against 1,203 recent clinical bacterial isolates. 

Diagn Microbiol Infect Dis 2000; 36: 19-36. 

27. Noskin GA. Tigecycline: a new glycylcycline for 

treatment of serious infections. Clin Infect Dis 

2005; 41 (Suppl 5): S303-314. 

28. Peterson LR. A review of tigecycline--the first 

glycylcycline. Int J Antimicrob Agents 2008; 32 

(Suppl 4): S215-222. 

29. Idelevich EA, Schule I, Grunastel B, Wullenweber 

J, Peters G, Becker K. Rapid identification of 

microorganisms from positive blood cultures by 

MALDI-TOF mass spectrometry subsequent to 

very short-term incubation on solid medium. Clin 

Microbiol Infect 2014; 20: 1001-1006. 

30. Hagiya H, Sugawara Y, Kimura K, Hamaguchi S, 

Nishi I, Hayashi M, et al. Emergence of 

daptomycin non-susceptible coagulase-negative 

Staphylococci in patients with cardiovascular 

device infections: Two cases report investigated by 

whole genome analysis. Medicine 2018; 97: 

e13487. 

31. Mittal G, Bhandari V, Gaind R, Rani V, Chopra S, 

Dawar R, et al. Linezolid resistant coagulase 

negative staphylococci (LRCoNS) with novel 

mutations causing blood stream infections (BSI) in 

India. BMC Infect Dis 2019; 19: 717. 

32. Kosecka-Strojek M, Sadowy E, Gawryszewska I, 

Klepacka J, Tomasik T, Michalik M, et al. 

Emergence of linezolid-resistant Staphylococcus 

epidermidis in the tertiary children's hospital in 

Cracow, Poland. Eur J Clin Microbiol Infect Dis 

2020; 39: 1717-1725. 

33. Sabat AJ, Tinelli M, Grundmann H, Akkerboom V, 

Monaco M, Del Grosso M, et al. Daptomycin 

Resistant Staphylococcus aureus Clinical Strain 

With Novel Non-synonymous Mutations in the 

mprF and vraS Genes: A New Insight Into 

Daptomycin Resistance. Front Microbiol 2018; 9: 

2705. 

34. Oku Y, Kurokawa K, Ichihashi N, Sekimizu K. 

Characterization of the Staphylococcus aureus 

mprF gene, involved in lysinylation of 

phosphatidylglycerol. Microbiology 2004; 150: 45-

51. 

35. Peleg AY, Miyakis S, Ward DV, Earl AM, Rubio 

A, Cameron DR, et al. Whole genome 

characterization of the mechanisms of daptomycin 

resistance in clinical and laboratory derived isolates 

of Staphylococcus aureus. PLoS One 2012; 7: 

e28316. 

36. Meka VG, Gold HS. Antimicrobial resistance to 

linezolid. Clin Infect Dis 2004; 39: 1010-1015. 

37. Ruiz-Ripa L, Feβler AT, Hanke D, Eichhorn I, 

Azcona-Gutierrez JM, Alonso CA, et al. 

Mechanisms of Linezolid Resistance Among 

Clinical Staphylococcus spp. in Spain: Spread of 



Ibrahim et al. / Resistance to last-resort antibiotics, Volume 30 / No. 1 / January 2021   191-199 

  

 

 Egyptian Journal of Medical Microbiology  

www.ejmm-eg.com     info@ejmm-eg.com 
199 

Methicillin- and Linezolid-Resistant S. epidermidis 

ST2. Microb Drug Resist 2020; 

https://doi.org/10.1089/mdr.2020.0122. 

38. Gu B, Kelesidis T, Tsiodras S, Hindler J, 

Humphries RM. The emerging problem of 

linezolid-resistant Staphylococcus. J Antimicrob 

Chemother 2013; 68: 4-11. 

39. Sharkey LKR, Edwards TA, O'Neill AJ. ABC-F 

Proteins Mediate Antibiotic Resistance through 

Ribosomal Protection. mBio 2016; 7: e01975-

01915. 

40. Antonelli A, D'Andrea MM, Brenciani A, Galeotti 

CL, Morroni G, Pollini S, et al. Characterization of 

poxtA, a novel phenicol-oxazolidinone-tetracycline 

resistance gene from an MRSA of clinical origin. J 

Antimicrob Chemother 2018; 73: 1763-1769. 

 


