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Abstract 

Blood cultures are essential in diagnosing the existence of bacteria in the blood and they 

continue to be the gold standard for the diagnosis of septicemia. From Gram-positive bacteria, 

Staphylococcus aureus and Enterococcus spp. are the most common bacteria causing sepsis and septic 

shock. They are the leading causes of hospital-acquired infections globally.  

Aim of the paper was to identify Staphylococcus aureus and Enterococcus spp. from 

hemoculture and to determine their susceptibility to antibiotics.  

Blood samples from hospitalized patients admitted for routine laboratory testing at the Institute 

of Microbiology from January 2023 to December 2023 were included in the study. Blood cultures 

bottles were incubated in automated Bact/Alert system. Isolated colonies were identified using 

automated VITEK 2 Compact system.  

MSSA and MRSA were isolated in 48.2% and 51.8% respectively. All isolates 100% were 

resistant to penicillin. Intermediate sensitivity to levofloxacin 92%, 60% and ciprofloxacin 96%, 64% 

was observed in MSSA and MRSA strains. Resistance to gentamicin of 63% was seen in MSSA isolates.  

Non-VRE and VRE were isolated in 67% and 33% respectively. Non-VRE strains had higher 

resistance towards gentamicin 77%, streptomycin 66%. VRE strains were resistant to gentamicin 93%, 

ampicillin 85%.  

Our findings give analysis of Gram-positive bacteria isolated from hemoculture and their 

resistance pattern. The findings give clinicians an insight for the right treatment option. 
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Introduction 

Sepsis (derived from the Greek for putrefaction) and septic shock are critical conditions. Sepsis 

by definition is an organ dysfunction caused by an abnormally regulated immune response to infection 

(systemic inflammatory response syndrome – SIRS). On the other hand, septic shock is defined as sepsis 

and hypotension in spite of adequate fluid resuscitation.  

The mortality of septic shock is high (40%) compared to mortality rate of sepsis (10%) [1,2]. 

Blood cultures (BC) are crucial in diagnosing the existence of bacteria in the blood (bacteremia) 

and they continue to be the ‘gold standard’ for the diagnosis of bloodstream infections (BSIs) [3,4].  

A positive blood culture will give a definitive diagnosis of the identified microorganism and a 

treatment according to the antimicrobial susceptibility testing [5]. 

Gram-positive bacteria (Staphylococcus aureus, coagulase-negative Staphylococcus species, 

and Enterococcus species) are the most common microorganisms of sepsis and septic shock, followed 

by Gram-negative bacteria [6].  

Thirty percent of individuals are colonized with Staphylococcus aureus on anterior nares. It is 

also the leading cause of skin and soft tissue infections and these focal infections are an entryway for 

the microorganism in the bloodstream [7].  

Staphylococcus aureus bacteremia (SAB) is one of the most frequent community and 

healthcare- associated infections globally.  
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The mortality remains high at about 30% during recent decades, even though we are in the 

antibiotic era [8]. 

Enterococcus faecalis and Enterococcus faecium are part of the normal flora and opportunistic 

pathogens that causes a wide range of conditions including urinary tract infections, intraabdominal 

infections and soft tissue infections.  

These primary infections can lead to bloodstream infections with mortality of around 20 % and 

higher [5].  

Staphylococcus aureus and Enterococcus species are both opportunistic microorganisms and 

are one of the main causes of nosocomial infections, especially bloodstream infections in 

immunocompromised patients.  

They have clearly established ability to form biofilm and, therefore are implicated with biofilm-

associated infections [9,10]. This is especially linked with the use of intravascular (IV) catheters and 

central venous catheters (CVCs) in particular. Catheter related bloodstream infections (CRBSIs) are 

one of the predominant infections obtained in hospitals. About 15% and 30% of all intrahospital 

bacteremia are catheter-related. 

 These infections have significant morbidity, increased hospital costs, prolonged length of stay, 

and mortality between 12% and 25% [11,12].  

After only 24 hours of catheter insertion, all vascular devices show colonization of 

microorganisms. The process of biofilm formation is of permanent adhesion of pathogens to an abiotic 

surface.  

They multiple slowly protected by a self-produced extracellular polymeric substance (EPS). 

Differently from planktonic cells, biofilm bacteria have a higher resistance to antibiotics (13). 

Methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococcus 

(VRE) are frequently detected in nosocomial acquisition of sepsis. MRSA remains connected with 

unsatisfactory clinical outcome than methicillin-sensitive Staphylococcus aureus (MSSA). VRE strains 

are of global concern because of a limited treatment option [14,15].  

The aim of this study was to identify the Gram-positive bacteria (Staphylococcus aureus and 

Enterococcus species) and to determine their susceptibility to antimicrobial agents. 

 

 

Material and Methods 

This cross-sectional study was conducted from January to December 2023 and comprised a 

total of 100 non-duplicate strains isolated from hospitalized patients. These strains were included in 

Central Asian and Eastern European Surveillance of Antimicrobial Resistance-CAESAR network. All 

of the blood samples derived from the University Clinical Center in Skopje and PZU Special Hospital 

for Nephrology with Dialysis Diamed and were submitted for routine laboratory testing at the Institute 

of Microbiology and Parasitology, Faculty of Medicine, Skopje. 

FAN aerobic and FAN anaerobic bottles (Biomerieux, France) were inoculated with 10 ml 

blood collected aseptically from peripheral vein or intravascular catheter using sterile techniques. These 

commercially available bottles contain culture media for detection of bacteria from blood samples, from 

patients suspected of having bloodstream infections. 

Blood culture bottles were incubated at 37C in automated Bact/Alert blood culture system 

(Biomerieux, France) for a maximum period of 5 days with continuous agitation and monitoring. After 

a positive hemoculture was detected automatically from any bottle we performed microscopy preparing 

a Gram-stained thin smear.  

Positive aerobic bottle was subcultured to Columbia blood agar (Oxoid, UK) which was 

incubated aerobically at 37C for 18-24 hours. Positive anaerobic bottle was subcultured to blood agar 

and incubated at the same conditions, but also on Schaedler agar (Oxoid, UK) which was incubated 

anaerobically at 37C for 18-24 hours. Isolated colonies on Gram-positive cocci were then preliminary 

identified using Gram stain, growth of blood agar at 37C and biochemical tests. Definitive 

identification was done with VITEK-2 Compact System (Biomerieux, France). 

Standard disc diffusion testing method guidelines by EUCAST (The European Committee on 

Antimicrobial Susceptibility Testing) (16) were used to test susceptibility to frequently prescribed 

antibiotics that are active against these bacteria. Commercial antibiotic discs (Oxoid, UK) that were 
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used for Staphylococcus aureus were: benzylpenicillin (P, 1IU), cefoxitin (FOX, 30 g), which is a very 

sensitive and specific marker of mecA/mecC-mediated methicillin resistance, erythromycin (E, 15 g), 

ciprofloxacin (CIP, 5 g), gentamicin (GN, 10 g), trimethoprim-sulfamethoxazole (SXT, 25 g), 

clindamycin (CD, 2 g), rifampicin (RP, 5 g), linezolid (LZD, 10 g) and E-test for vancomycin (S2; 

R2 mg/l). For Enterococcus species were used: ampicillin (AP, 2 g), gentamicin (GN, 30 g), 

vancomycin (VA, 5 g), and linezolid (LZD, 10 g).  

Un-supplemented Mueller Hinton agar (Oxoid, UK) with antibiotic discs was incubated for 

18/24 hours at 37C and zone edges were examined at the point of complete inhibition.  

Simultaneously, antimicrobial susceptibility was done automatically by using VITEK-2 

Compact System (Biomerieux, France). 

Data obtained from laboratory analysis (isolated etiologic agents, results from antibiotic 

susceptibility testing) was used to determine the prevalence and patterns of antimicrobial resistance in 

Staphylococcus aureus and Enterococcus isolated from blood culture. Antimicrobial resistance profiles 

were compared among different isolated strains. Results in this study are presented as numbers and 

percentages.  

 

 

Results 

In this period from a total of 311 positive isolates of Staphylococcus aureus and Enterococcus 

species we included 100 (32.15%) strains for study evaluation. Fifty-eight strains (18.6%) were 

Staphylococcus aureus. Out of these 28 (48.2%) were methicillin-sensitive Staphylococcus aureus 

(MSSA) and 30 (51.8%) were methicillin-resistant Staphylococcus aureus (MRSA).  

Forty-two strains (13.5%) were Enterococcus. Out of these, 20 (47.6%) Enterococcus faecium 

and 22 (52.4%) Enterococcus faecalis. Fourteen strains (33%) (12/86%-Enterococcus faecium, 2/14%-

Enterococcus faecalis) were vancomycin resistant (VRE) and 27 (67%) were vancomycin sensitive.  

From a total of 100 strains, 66 (66%) were from patients of male gender and 34 (34%) from 

patients of female gender. For Staphylococcus aureus isolates, 35 (60%) and 23 (40%) were from males 

and females respectively. From patients of male gender there have been more isolates of methicillin-

resistant Staphylococcus aureus 18 (65%), compared to 10 (35%) from females.  

For Enterococcus isolates, 31 (74%) and 11 (26%) were from males and females accordingly. 

Vancomycin-resistant isolates were detected in higher number in males 10 (71%) compared to females 

4 (29%).  

Highest number of blood samples derived from University Clinic for Nephrology 44 (44%), 

PZU Diamed 17 (17%), other Internal Medicine Departments 17 (17%), Surgery Departments 19 

(19%), the lowest percentage of isolation was seen at Intensive Care Unit 3 (3%). 

Methicillin-sensitive Staphylococcus aureus (MSSA) was the most frequent isolate at the 

University Clinic for Nephrology 17 (60%) PZU Diamed 3 (11%), other Internal Medicine Departments 

2 (7.5%), Surgery Departments 5 (18%) and Intensive Care Unit 1 (3.5%). 

Methicillin-resistant Staphylococcus aureus (MRSA) was the most frequent isolate at the 

University Clinic for Nephrology 12 (40%), PZU Diamed 10 (33%), other Internal Medicine 

Departments 6 (20%), Surgery Departments 1 (3.7%) and Intensive Care Unit 1 (3.3%) Figure 1.  
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Figure 1. Distribution of MSSA and MRSA isolates. 

 

Non-vancomycin resistant Enterococcus was found to be most frequently isolated from University 

Clinic for Nephrology 10 (36%), Surgery Departments 9 (32%), other Internal Medicine Departments 

4 (14%), PZU Diamed 4 (14%) and Intensive Care Unit 1 (4%).  

Vancomycin-resistant Enterococcus (VRE) was found to be most frequent isolate at University Clinic 

for Nephrology 5 (36%) and other Internal Departments 5 (36%), followed by Surgery Departments 4  

(28%).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Distribution of non-VRE and VRE isolates§.       
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All strains 28 (100%) of methicillin-sensitive Staphylococcus aureus (MSSA) were resistant to 

penicillin, followed by tetracycline 6 (22%), erythromycin and clindamycin 2 (8%), levofloxacin, 

moxifloxacin, ciprofloxacin, gentamicin 1 (4%).  

Twenty-six strains (92%) were with intermediate sensitivity to levofloxacin and 27 (96%) with 

intermediate sensitivity to ciprofloxacin. All strains 28 (100%) were sensitive to trimethoprim-

sulfamethoxazole, rifampicin, fusidic acid, vancomycin, teicoplanin, linezolid, tigecycline and 

fosfomycin.  

All strains 30 (100%) of methicillin-resistant Staphylococcus aureus (MRSA) were resistant to 

penicillin, cefoxitin and ceftriaxone. Highest resistance was observed towards gentamicin 19 (63%), 

followed by moxifloxacin 12 (40%), levofloxacin, ciprofloxacin 11 (36%), erythromycin 9 (30%), 

clindamycin 6 (20%), tetracycline 5 (17%), fosfomycin 2 (6%), rifampicin, fusidic acid 1 (3%). 

Intermediate sensitivity towards levofloxacin and ciprofloxacin was detected in 18 (60%), 19 (64%) 

accordingly. All strains were sensitive to vancomycin, teicoplanin, linezolid, tigecycline. Table 1. 

 

Table 1. Antibiotic resistance pattern of Staphylococcus aureus. 

Antibiotic Methicillin-sensitive 

Staphylococcus aureus Total 

N=28 (100%) 

Methicillin-resistant 

Staphylococcus aureus Total 

N=30 (100%) 

n (%) 

R 

n (%) 

S 

n (%) 

R 

n (%) 

S 

Penicillin 28 (100%) 0 30 (100%) 0 

Cefoxitin 0 28 (100%) 30 (100%) 0 

Ceftriaxone* 0 28 (100%) 30 (100%) 0 

Erythromycin 2 (8%) 26 (92%) 9 (30%) 21 (70%) 

Clindamycin 2 (8%) 26 (92%) 6 (20%) 24 (80%) 

Levofloxacin* 1 (4%) 1 (4%) 11 (36%) 1 (4%) 

Moxifloxacin* 1 (4%) 27 (96%) 12 (40%) 18 (60%) 

Ciprofloxacin 1 (4%) 0 11(36%) 0 

Gentamicin 1 (4%) 27 (96%) 19 (63%) 11 (37%) 

Trimethoprim-

sulfamethoxazole 

0 28 (100%) 1 (3%) 29 (97%) 

Rifampicin 0 28 (100%) 1 (3%) 29 (97%) 

Fusidic acid* 0 28 (100%) 1 (3%) 29 (97%) 

Vancomycin 0 28 (100%) 0 30 (100%) 

Teicoplanin* 0 28 (100%) 0 30 (100%) 

Linezolid 0 28 (100%) 0 30 (100%) 

Tigecycline* 0 28 (100%) 0 30 (100%) 

Tetracycline* 6 (22%) 22 (78%) 5 (17%) 25 (83%) 

Fosfomycin* 0 28 (100%) 2 (6%) 28 (94%) 

R – resistant; S – susceptible; * VITEK-2 Compact system 
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Table 2. Antibiotic resistance pattern of Enterococcus species. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R – resistant; S – susceptible; * VITEK-2 Compact system 

 

Inducible resistance to clindamycin was detected in 7 (12%) strains (5/72% MRSA and 2/28% MSSA). 

Non-vancomycin resistant Enterococcus showed highest resistance to gentamicin 21 (77%), followed 

by streptomycin 18 (66%), ampicillin 6 (22%). All strains 27 (100%) were sensitive to teicoplanin, 

vancomycin, linezolid and tigecycline. 

Vancomycin resistant Enterococcus (VRE) showed highest resistance to gentamicin 13 (93%), followed 

by ampicillin 12 (85%), streptomycin and teicoplanin 10 (71%). All strains 14 (100%) were sensitive 

to linezolid and tigecycline.  

 

Discussion  

This study presents the data obtained for antimicrobial resistance in 100 isolates among 

Staphylococcus aureus and Enterococcus isolated from blood cultures in the year 2023.  

Sixty-six percent of blood samples were of male gender. The highest percentage of patients 

44% were from the University Clinic of Nephrology, the lowest percentage 3% was from the Intensive 

Care Unit. 

All Staphylococcus aureus strains 58/100% were resistant to penicillin. This coincided with the 

recent study by Bush K et al. [17] which reported that between 83.8% and 91% of MSSA isolates are 

having the penicillinase blaZ gene and basically all MRSA strains are penicillinase positive, because of 

the close relationship between blaZ and mecA gene. 
In the current study, all Staphylococcus aureus strains were sensitive to vancomycin, 

teicoplanin, linezolid and tigecycline.  

According to Mlynarczyk-Bonikowska B et al. [18] single vancomycin-resistant and 

teicoplanin-resistant strains have been described in the USA and Asia, but until now we have not 

detected such isolates in our country, so these antibiotics are reliable for treatment of Staphylococcus 

aureus infections.  

Resistance pattern to fluoroquinolones was 1% for levofloxacin, moxifloxacin, ciprofloxacin 

in MSSA isolates and 40% for moxifloxacin, 36% for levofloxacin and ciprofloxacin in MRSA isolates. 

Intermediate sensitivity was 92%/60% levofloxacin, 96%/64% ciprofloxacin in MSSA and MRSA 

isolates respectively.  

These results were partially in agreement of those presented by Hsiao CH et al. [19] where 

susceptibility to fluoroquinolones was 100% and about 60% in MSSA and MRSA isolates. 

In our study 4% and 63% of MSSA and MRSA isolates were resistant to gentamicin, 8% and 

30% resistant to clindamycin and erythromycin in MSSA and MRSA isolates respectively. On the other 

hand, ElFeky DS et al. [20] in their study demonstrated 89% resistance to gentamicin, 86% resistance 

to erythromycin in MRSA strains and all isolates showing resistance to erythromycin were resistant to 

clindamycin.  

In the current study resistance pattern towards tetracyclines were 22% and 17% of MSSA and 

MRSA isolates.  

Antibiotic Vancomycin-resistant 

Enterococcus Total N=14 

(100%) 

Non-vancomycin-resistant 

Enterococcus Total N=27 

(100%) 
n (%) 

R 

n (%) 

S 

n (%) 

R 
n (%) 

S 
Ampicillin 12 (85%) 2 (14%) 6 (22%) 21 (77%) 

Gentamicin 13 (93%) 1 (7%) 21 (77%) 6 (22%) 

Streptomycin* 10 (71%) 4 (28%) 18 (66%) 9 (33%) 

Teicoplanin* 10 (71%) 4 (28%) 0 27 (100%) 

Vancomycin 14 (100%) 0 0 27 (100%) 

Linezolid 0 14 (100%) 0 27 (100%) 

Tigecycline* 0 14 (100%) 0 27 (100%) 
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This coincided with the results by Thomsen J et al. [21] where tetracycline resistance decreased 

between 2010 and 2012 and remained at low level (<20%) but showing an upward trend from 2019 to 

2021.  

According to Holubar M et al. [22] the use of tigecycline a new generation tetracycline in 

bacteremia is under discussion. In a prospective randomized trial 20 patients had MRSA bacteremia, 14 

of whom received tigecycline and 6 received vancomycin. Effective therapy was 64.3% and 50% in 

tigecycline and vancomycin treated patients, respectively.  

For Enterococcus spp. antibiotic susceptibility testing showed higher resistance to gentamicin 

77% and 93% in non-VRE and VRE isolates respectively.  

This was supported by Saffari F et al. [23] in their study from 150 isolates of Enterococcus high 

resistance to gentamicin 41.5%was observed. In our study this was followed by resistance for 

streptomycin 66%, streptomycin and teicoplanin 71%, in non-VRE and VRE strains. Our results are 

discordant with a study by Zacharopoulos GV et al. [24] where in a period from 2017 to 2021 1.4% was 

resistance to teicoplanin in Enterococcus faecalis.  

Vancomycin-resistant enterococci (VRE) are difficult to treat bacteria, because these strains are 

already highly resistant to ampicillin, 85% (in our study). No resistance was detected to linezolid. 

In our study all Enterococcus spp. isolates 100% were sensitive to tigecycline. Liu X, et al. [25] 

demonstrated that tigecycline has excellent activity towards clinical isolates of Enterococcus spp.  

In our Institution until now we have evaluated activity of tigecycline for gram positive cocci, 

but tigecycline has also activity against gram-negative bacteria with exception of Pseudomonas 

aeruginosa, Proteus species and Providencia species.  

This is supported by Doi Y [26] where it shows that it has activity against carbapenem-resistant 

gram-negative bacilli, Acinetobacter baumannii and Stenotrophomonas maltophilia isolates. We are 

starting to test this antibiotic for multi-drug resistant gram- negative bacilli to have sufficient data 

regarding in vitro and clinically efficacy.  

 

Conclusion 

This study gives analysis Gram-positive cocci isolated from hemoculture and their resistance 

profile and was based only on phenotypic methods for antibiotic susceptibility testing.  

The findings give clinicians an insight for the right treatment decision. Future studies with 

molecular methods should identify genes responsible for resistance to antimicrobial agents.  
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