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The prevalence of resistance to macrolides and lincosamides among community 
and hospital acquired Staphylococci and Streptococci isolates in southeast Serbia 
Учесталост резистенције на макролиде и линкозамиде код амбулантних и 
болничких изолата стафилокока и стрептокока у југоисточној Србији 

 
SUMMARY 

Introduction/Objective The increasing resistance to 
macrolides and lincosamides among staphylococci and 
streptococci is becoming a global problem.  
The aim of this study was to investigate the prevalence 
of macrolide-lincosamide-streptogramin (MLS) 
resistance phenotypes in staphylococcal and 
streptococcal isolates in southeast Serbia. 
Methods The MLS phenotypes were determined by 
the double-disk diffusion method in 2121 of inpatient 
and outpatient staphylococcal and streptococcal 
isolates collected during a 1-year period at the Center 
for Microbiology. 
Results The methicillin-resistant staphylococci 
isolates were significantly more resistant to penicillin, 
erythromycin, clindamycin, gentamicin and 
ciprofloxacin (100%, 100%, 29.2%, 65.6%, and 
53.1%, respectively) than methicillin-sensitive 
(93.6%, 64.9%, 12.0%, 28.9%, and 11.7%, 
respectively). The inducible clindamycin resistance 
phenotype was dominant in S. aureus and coagulase-
negative staphylococci isolates. S. pneumoniae, S. 
pyogenes, and S. agalactiae isolates showed very high 
resistance to erythromycin (77.8%, 46.2%, and 32.4%, 
respectively). All staphylococci and streptococci 
isolates were sensitive to vancomycin and linezolid, 
and all beta-haemolytic streptococci isolates to 
penicillin and ceftrixone. 
Conclusion The phenotypic triage of staphylococci is 
necessary in order to separate inducible resistant and 
truly clindamycin sensitive isolates. Macrolides should 
not be recommended for empirical therapy of 
streptococcal infections. Penicillins remain the drug of 
choice for treatment of streptococcal infections in our 
local area. 
Keywords: staphylococci; streptococci; MLS 
resistance phenotypes; inducible clindamycin 
resistance 

САЖЕТАК 

Увод/Циљ Растућа резистенција на макролиде и 
линкозамиде код стафилокока и стрептокока је 
постала глобални проблем.  
Циљ ове студије је био да истражи учесталост 
макролид-линкозамид-стрептограмин (МЛС) фе-
нотипова резистенције код изолата стафилокока и 
стрептокока у југоисточној Србији. 
Методе MЛС фенотипови били су утврђени 
дупли-диск дифузионом методом на 2121 
болничком и амбулантном изолату стафилокока и 
стрептокока прикупљеном током једногодишњег 
периода у Центру за микробиологију. 
Резултати Изолати метицилин-резистентних 
стафилокока били су резистентнији на пеницилин, 
еритромицин, клиндамицин, гентамицин и ципро-
флоксацин (100%, 100%, 29,2%, 65,6% и 53,1%, 
респективно) него метицилин-осетљиви (93,6%, 
64,9%, 12,0%, 28,9% и 11,7%, респективно). Инду-
цибилни клиндамицин резистентни фенотип је био 
доминантан код изолата S. aureus и коагулаза-
негативних стафилокока. Изолати S. pneumoniae, S. 
pyogenes и S. agalactiae показали су веома високу 
резистенцију на еритромицин (77,8%, 46,2% и 
32,4%, респективно). Сви изолати стафилокока и 
стрепрокока били су сензитивни на ванкомицин и 
линезолид, а сви изолати бета-хемолитичких 
стрептокока на пеницилин и цефтриаксон. 
Закључак Фенотипска тријажа стафилокока је 
неопходна да би се одвојили индуцибилнло 
резистентни од стварно клиндамицин осетљивих 
изолата. Макролиди се не препоручују за 
емпиријску терапију стрептококних инфекција. 
Пеницилин остаје лек избора за третман 
стафилококних инфекција у нашем округу. 
Кључне речи: стафилококе; стрептококе; МЛС 
фенотипови резистенције; индуцибилна 
клиндамицин резистенција 

INTRODUCTION 

Inpatient Staphylococcus aureus, Streptococcus pyogenes, and Streptococcus pneumoniae 

infections was the biggest problem in pre-antibiotic era [1]. Today, when large number of antibiotics 

are available, we are faced again with problem of treatment of infections caused by penicillin-resistant 

pneumococci, methicillin- and vancomycin-resistant strains of S. aureus and coagulase negative 

staphylococci (CNS) [1].  
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S. aureus cause a variety of infections, ranging from mild skin infections to fatal bacteremia: 

osteomyelitis, pneumonia, arthritis, staphylococcal scalded skin syndrome, endocarditis, myocarditis, 

pericarditis, and bacteremia [2, 3]. The most common CNS infections are nosocomial bacteremia 

related to central venous catheter, endocarditis in patients with artificial heart valves, infections from 

intravenous catheter insertion site, and postoperative infections in ophthalmic surgery [2]. S. 

pneumoniae bacteria can cause serious invasive infections, such as meningitis, bacteremia, and 

pneumonia, as well as non-invasive infections such as sinusitis and acute middle ear infections [4]. S. 

agalactiae causes serious infections in newborns and pregnant women, acute and chronic respiratory 

infections, endocarditis, sepsis, meningitis, and pyelonephritis [5, 6]. S. pyogenes causes 

uncomplicated upper respiratory tract and skin infections, but also severe life-threatening infections, 

which being very common in developing countries [7]. 

Macrolide and lincosamide antibiotics are often used for the treatment of staphylococci and 

streptococci infections. Therapeutic use of macrolide-lincosamide-streptogramin group B (MLSb) 

antibiotics can cause inducible macrolide-lincosamide-streptogramin group B (iMLSb) resistance and 

subsequent clinical failure of therapy, especially in staphylococcal infections. The iMLSb resistance 

phenotype leads to clindamycin treatment failure due to rapid in vitro conversion of inducible to 

constitutive macrolide-lincosamide-streptogramin group B (cMLSb) resistance phenotype. 

A simple way to detect iMLSb resistant strains is double-disk diffusion method (D-test). 

Without the D-test, all clinical isolates with iMLSb resistance would be erroneously interpreted as 

clindamycin susceptible causing inappropriate antibiotic therapy. 

The aim of this study was to determine and compare the prevalence of MLS resistance in 

staphylococcal and streptococcal isolates from inpatient and outpatient clinical samples in southeast 

Serbia. To determine observed MLS resistance phenotypes D-test were used. 

METHODS 

We analyzed 2121 clinical isolates of staphylococci and streptococci, collected during a 1-year 

period (October 2012 - October 2013) at the Center for Microbiology of the Public Health Institute in 

Vranje, Serbia, including 865 isolates from the nasal and throat swabs, 810 from the purulent 

discharge, 442 from the genital secretions, and 4 isolates from the urine. Multiple specimens from the 

same patient were avoided. The following clinical species were considered: S. aureus, CNS, S. 

pneumoniae, S. agalactiae, and S. pyogenes. The local Ethics Committee approved the study 

according to the Declaration of Helsinki (No. 01-5072/2013). The authors declare that informed 

consent was not required. 

Bacterial identification 

S. aureus was identified using Gram-stain, catalase test (positive), the mannitol salt agar 

(Chapman medium), and the tube coagulase test. The staphylococcal strains, which turn the color of 
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the medium from red to yellow and produce free coagulase were identified as a S. aureus, else were 

identified as CNS [2]. S. pneumoniae was identified using Gram stain, catalase (negative), and 

optochin test (BioRad, USA). The slide agglutination test was used as confirmatory identification of 

S. pneumoniae (Slidex pneumo-kit; bioMérieux, France) [8]. S. agalactiae was identified using Gram 

stain, catalase test (negative), CAMP test, and rapid latex agglutination test (Streptex-Slidex® Strepto 

Plus-BioMérieux, France) [8]. The identification of S. pyogenes was performed using Gram stain, 

catalase test (negative), the susceptibility test to bacitracin (0.04 UI, Taxo A, BBL Microbiology 

system), and rapid latex agglutination test (Streptex-Slidex® Strepto Plus-BioMérieux, Marcy l'Etoile, 

France) [8]. 

Antibiotic susceptibility testing 

The antibiotic susceptibility test was performed by the standard disk diffusion method using 

Muller Hinton agar according to the CLSI guidelines [9]. The following antibiotic discs were used: 

Erythromycin 15 µg, Clindamycin 2 µg, Gentamicin 10 µg, Ciprofoxacin 5 µg, Penicillin G 10 µg, 

Ceftriaxone 30 µg, Cefoxitin 30 µg, Vancomycin 30 µg, Linezolid 30 µg 

(Bioanalyse®, Ankara, Turkey). Methicillin resistance in staphylococci was determined by cefoxitin 

disk diffusion method (30 µg) [9]. Penicillin-susceptible Staphylococcus isolates were further 

tested for beta-lactamase production using a nitrocefin disk test (Bioanalyse®, Ankara, Turkey) [2]. 

Reference strains S. pneumoniae ATCC 49619 and S. agalactiae ATCC 12403 were used for quality 

control (QC). QC of erythromycin and clindamycin disks was performed by reference S. aureus 

ATCC 25923 strain according to a standard disk diffusion QC procedure [9]. In addition, QC was also 

performed with laboratory owns strains of S. aureus and S. pyogenes which show both results of 

positive and negative D-test. 

Determination of resistance phenotypes 

MLSb resistance phenotypes were determined by the D-test. Erythromycin (15µg) and 

clindamycin (2µg) disks were placed at an edge-to-edge distance of 12 mm on inoculated Mueller-

Hinton agar. The following MLS resistance phenotypes were detected: erythromycin-sensitive and 

clindamycin-sensitive (Er/Cli S), cMLSb which were resistant to erythromycin and clindamycin, 

iMLSb which were determined by placing erythromycin and clindamycin disks in adjacent positions 

resulting in a D-shaped zone around the clindamycin disk, susceptible to clindamycin (without 

blunting zone) and resistant to erythromycin (M/MSb), and resistant to clindamycin and sensitive to 

erythromycin (LSa/b). 

RESULTS 

The overall antimicrobial resistance of tested isolates is presented in Table 1, except for 

vancomycin, linezolid, and ceftriaxone because resistance to vancomycin and linezolid among 

staphylococci and streptococci, and resistance to ceftriaxone among streptococci were not detected. 
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Staphylococci showed the highest resistance rate to penicillin, while the lowest showed S. 

pyogenes and S. agalactiae isolates (Table 1). The highest resistance rate to erythromycin showed 

MRSA (86.2%, 112/130 community- and 87.5%, 28/32 hospital-acquired) and MRCNS (87.8%, 

43/49 community- and 100%, 22/22 hospital-acquired) isolates, while the lowest showed S. 

agalactiae. The highest resistance rates to clindamycin were among community-associated strains of 

S. pneumoniae (38.2%, 21/55) and MRSA (29.2%, 38/130), while the lowest were among 

community-associated strains of MSSA and MSCNS. The highest resistance rate to gentamicin 

showed S. agalactiae (72.7%, 101/139 community- and 72.7%, 8/11 hospital-associated) and MRSA 

(65.6%, 21/32 hospital-acquired) isolates, while the lowest showed MSSA and MSCNS isolates. The 

highest resistance rate to ciprofloxacin showed MRSA (40.8%, 53/130 community- and 53.1%, 17/32 

hospital-acquired) and MRCNS (34.7%, 17/49 community- and 40.9%, 9/22 hospital-acquired) 

isolates, while the lowest resistance rate showed S. pneumoniae and MSSA isolates (Table 1). 

Comparison between hospital- and community-associated isolates showed significant (p < 0.05) 

higher resistance rate to gentamicin in hospital- than community-associated S. aureus, MSSA, and 

MRSA isolates (Table 1). MRSA compared to MSSA hospital- and community-acquired isolates 

showed significant (p<0.05) higher resistance rate to all observed antibiotics. CNS isolates showed 

significant (p<0.05) higher resistance rate to cefoxitin and erythromycin in hospital- than community-

associated isolates. MRCNS compared to MSCNS community-acquired isolates showed significant 

(p<0.05) higher resistance rate to penicillin and gentamicin. MRCNS compared to MSCNS 

Table 1. Antimicrobial resistance rates among community- and hospital-acquired stpahylococci and 
streptococci isolates. 

Bacteria 
Cefoxitin Penicillin Erythromycin Clindamycin Gentamicin Ciprofloxacin 

Comm. 
n/N (%) 

Hosp. 
n/N (%) 

Comm. 
n/N (%) 

Hosp. 
n/N (%) 

Comm. 
n/N (%) 

Hosp. 
n/N (%) 

Comm. 
n/N (%) 

Hosp. 
n/N (%) 

Comm. 
n/N (%) 

Hosp. 
n/N (%) 

Comm. 
n/N (%) 

Hosp. 
n/N (%) 

S. aureus 130/784 
(16.6) 

32/160 
(20.0) 

723/784 
(92.2) 

142/160 
(88.8) 

464/784 
(59.2) 

94/160 
(58.8) 

68/784 
(8.7) 

10/160 
(6.3) 

159/784 
(20.3) 

56/160 
(35.0) 

96/784 
(12.2) 

23/160 
(14.4) 

MRSA 130/130 
(100.0) 

32/32 
(100.0) 

130/130 
(100.0) 

32/32 
(100.0) 

112/130 
(86.2) 

28/32 
(87.5) 

38/130 
(29.2) 

8/32 
(25.0) 

58/130 
(44.6) 

21/32 
(65.6) 

53/130 
(40.8) 

17/32 
(53.1) 

MSSA 0/654 
(0.0) 

0/128 
(0.0) 

593/654 
(90.7) 

110/128 
(85.9) 

352/654 
(53.8) 

66/128 
(51.6) 

30/654 
(4.6) 

2/128 
(1.6) 

100/654 
(15.3) 

37/128 
(28.9) 

40/654 
(6.1) 

5/128 
(3.9) 

CNS 49/583 
(8.4) 

22/116 
(19.0) 

527/583 
(90.4) 

110/116 
(94.8) 

343/583 
(58.8) 

83/116 
(71.6) 

74/583 
(12.7) 

11/116 
(9.5) 

112/583 
(19.2) 

29/116 
(25.0) 

58/583 
(9.9) 

19/116 
(16.4) 

MRCNS 49/49 
(100.0) 

22/22 
(100.0) 

49/49 
(100.0) 

22/22 
(100.0) 

43/49 
(87.8) 

22/22 
(100.0) 

10/49 
(20.4) 

1/22 
(4.5) 

28/49 
(57.1) 

9/22 
(40.9) 

17/49 
(34.7) 

9/22 
(40.9) 

MSCNS 0/534 
(0.0) 

0/94 
(0.0) 

478/534 
(89.5) 

88/94 
(93.6) 

300/534 
(56.2) 

61/94 
(64.9) 

64/534 
(12.0) 

10/94 
(10.6) 

82/534 
(15.4) 

20/94 
(21.3) 

41/534 
(7.7) 

11/94 
(11.7) 

S. 
pneumoniae 

14/55 
(25.5) 

7/9 
(77.8) 

5/55 
(9.1) 

1/9 
(11.1) 

35/55 
(63.6) 

7/9 
(77.8) 

21/55 
(38.2) 

2/9 
(22.2) 

24/55 
(43.6) 

3/9 
(33.3) 

0/55 
(0.0) 

0/9 
(0.0) 

S. 
agalactiae - - 0/139 

(0.0) 
0/11 
(0.0) 

45/139 
(32.4) 

2/11 
(18.2) 

30/139 
(21.6) 

1/11 
(9.1) 

101/139 
(72.7) 

8/11 
(72.7) 

45/139 
(32.4) 

4/11 
(36.4) 

S. pyogenes - - 0/238 
(0.0) 

0/26 
(0.0) 

104/238 
(43.7) 

12/26 
(46.2) 

40/238 
(16.8) 

7/26 
(26.9) 

79/238 
(33.2) 

10/26 
(38.5) 

51/238 
(21.4) 

6/26 
(23.1) 

             

MRSA - Methicillin-resistant S. aureus; MSSA - Мethicillin-susceptible S. aureus; CNS - Coagulase negative 
staphylococci; MRCNS - Methicillin-resistant coagulase negative staphylococci; MSCNS - Methicillin-
susceptible coagulase negative staphylococci 
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community- and hospital-acquired isolates showed significant (p<0.05) higher resistance to cefoxitin, 

erythromycin, and ciprofloxacin. Comparison between S. pneumoniae isolates showed significant 

(p<0.05) higher resistance rate to cefoxitin in hospital- than community-associated isolates. 

Significant differences (p<0.05) were between S. pneumoniae and S. agalactiae to penicillin, 

clindamycin, gentamicin, and ciprofloxacin (in community-acquired isolates), and to erythromycin (in 

community- and hospital-acquired isolates); between S. pneumoniae and S. pyogenes to penicillin, 

erythromycin, and clindamycin (in community-acquired isolates); between S. agalactiae and S. 

pyogenes to penicillin, gentamicin, and ciprofloxacin (in community-acquired isolates) (Table 1). 

The iMLSB was the most prevalent phenotype among methicillin-resistant and methicillin-

susceptible staphylococci except among hospital-acquired MSCNS strains, where M/MSb resistance 

phenotype was dominant (Table 2). The cMLSb phenotype was the most prevalent in MRSA strains 

(27.7%, 36/130 from outpatient and 21.9%, 7/32 inpatient specimens). LSa/b phenotype was the rarest 

among all of MLS resistance phenotypes and most common in MRSA strains from inpatient samples, 

and MSCNS and MSSA strains from outpatient samples. 

Comparison between inpatient and outpatient isolates showed significant (p<0.05) difference in 

MRSA and MSCNS isolates with M/MSb phenotype (Table 2). Comparison between MRSA and 

MSSA isolates showed significant (p<0.05) difference among community-acquired isolates in 

frequency of Er/Cli S, cMLSb, and iMLSb phenotypes, and among hospital-acquired isolates in 

frequency of Er/Cli S and cMLSb phenotypes. Comparison between MRCNS and MSCNS isolates 

Table 2. The frequency of MLS resistance phenotypes among community- and hospital-acquired 
stpahylococci isolates. 

Phenotypes 
MRSA MSSA MRCNS MSCNS 

Comm. 
n (%) 

Hosp. 
n (%) p Comm. 

n (%) 
Hosp. 
n (%) p Comm. 

n (%) 
Hosp. 
n (%) p Comm. 

n (%) 
Hosp. 
n (%) p 

Er/Cli S 16 
(12.3) 

3 
(9.4) 0.768 299 

(45.7) 
62 

(48.4) 0.628 6 
(12.2) 

0 
(0.0) 0.167 225 

(42.1) 
32 

(34.0) 0.172 

cMLSb 36 
(27.7) 

7 
(21.9) 0.656 27 

(4.1) 
2 

(1.6) 0.205 10 
(20.4) 

1 
(4.5) 0.154 55 

(10.3) 
9 

(9.6) 1.00 

M/MSb 16 
(12.3) 

10 
(31.3) 0.014 91 

(13.9) 
24 

(18.8) 0.172 13 
(26.5) 

10 
(45.5) 0.169 98 

(18.4) 
27 

(28.7) 0.024 

iMLSb 60 
(46.2) 

11 
(34.4) 0.242 234 

(35.8) 
40 

(31.3) 0.362 20 
(40.8) 

11 
(50.0) 0.605 147 

(27.5) 
25 

(26.6) 0.900 

LSa/b 2 
(1.5) 

1 
(3.1) 0.485 3 

(0.5) 
0 

(0.0) 1.00 0 (0.0) 0 (0.0) 1.00 9 
(1.7) 

1 
(1.1) 1.00 

Total 130 
(100.0) 

32 
(100.0)  654 

(100.0) 
128 

(100.0)  49 
(100.0) 

22 
(100.0)  534 

(100.0) 
94 

(100.0)  
             

MRSA - Methicillin-resistant S. aureus; MSSA - Мethicillin-susceptible S. aureus; MRCNS - Methicillin-
resistant coagulase negative staphylococci; MSCNS - Methicillin-susceptible coagulase negative 
staphylococci; Er/Kli S - Susceptibility to erythromycin and clindamycin; cMLSb - Constitutive resistance to 
Macrolide-Lincozamide-Streptogramin B; M/MSb - Resistance to Macrolide/Macrolide-Streptogramin B; 
iMLSb - Inducible resistance to Macrolide-Lincozamide-Streptogramin B; LSa/b - Resistance to Lincozamide-
Streptogramin A/Streptogramin B 
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showed significant (p<0.05) difference among community-acquired isolates in prevalence of Er/Cli S, 

and among hospital-acquired isolates in prevalence of Er/Cli S and iMLSb phenotypes (Table 2). 

The cMLSb was the most prevalent phenotype among S. pneumoniae from outpatient isolates, 

among S. agalactiae from inpatient and outpatient isolates, and among S. pуogenes from inpatient 

isolates (Table 3). The M/MSb was the most prevalent phenotype among S. pneumoniae from 

inpatient isolates, and among S. pуogenes from outpatient isolates. 

There was no significant (p>0.05) difference between community- and hospital-acquired 

streptococci isolates in frequency of MLS resistance phenotypes (Table 3). Comparison between S. 

pneumoniae and S. agalactiae showed significant (p<0.05) difference among community-acquired 

isolates in frequency of Er/Cli S and cMLSb phenotypes, and among hospital-acquired isolates in 

frequency of Er/Cli S. Comparison between S. pneumoniae and S. pyogenes showed significant 

(p<0.05) difference among community-acquired isolates in frequency of Er/Cli S and cMLSb 

phenotypes (Table 3). 

DISCUSSION 

Development of antimicrobial resistance in staphylococci and streptococci include the 

emergence of multidrug-resistant bacteria. Initially, MRSA strains mainly caused hospital infections 

[10]. However, since about a decade ago, the number of community-acquired MRSA strains has 

significantly increased in a number of countries [10]. 

All of our staphylococcal and streptococcal isolates were susceptible to vancomycin and 

linezolid, and all of beta-haemolytic streptococcal isolates were susceptible to penicillin and 

ceftriaxone, similar to other researchers [11-13]. 

Table 3. The frequency of MLS resistance phenotypes among community- and hospital-acquired 
streptococci isolates. 

Phenotypes 
S. pneumoniae S. agalactiae S. pyogenes 

Comm. 
n (%) 

Hosp. 
n (%) p Comm. 

n (%) 
Hosp. 
n (%) p Comm. 

n (%) 
Hosp. 
n (%) p 

Er/Cli S 20 
(36.4) 

2 
(22.2) 0.706 85 

(61.2) 
9 

(81.8) 0.211 134 
(56.3) 

14 
(53.8) 0.837 

cMLSb 21 
(38.2) 

2 
(22.2) 0.469 21 

(15.1) 
1 

(9.1) 1.00 40 
(16.8) 

7 
(26.9) 0.276 

M/MSb 9 
(16.4) 

3 
(33.3) 0.351 18 

(12.9) 
1 

(9.1) 1.00 45 
(18.9) 

5 
(19.2) 1.00 

iMLSb 5 
(9.1) 

2 
(22.2) 0.253 6 

(4.3) 
0 

(0.0) 1.00 19 
(8.0) 

0 
(0.0) 0.232 

LSa/b 0 
(0.0) 

0 
(0.0) 1.00 9 

(6.5) 
0 

(0.0) 1.00 0 
(0.0) 

0 
(0.0) 1.00 

Total 55 
(100.0) 

9 
(100.0)  139 

(100.0) 
11 

(100.0)  238 
(100.0) 

26 
(100.0)  

          

Er/Kli S - Susceptibility to erythromycin and clindamycin; cMLSb - Constitutive resistance to Macrolide-
Lincozamide-Streptogramin B; M/MSb - Resistance to Macrolide/Macrolide-Streptogramin B; iMLSb - 
Inducible resistance to Macrolide-Lincozamide-Streptogramin B; LSa/b - Resistance to Lincozamide-
Streptogramin A/Streptogramin B 
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In our study, 20.0% (32/160) of hospital-associated and 16.6% (130/784) of community-

associated S. aureus isolates were resistant to methicillin, with no significant difference in prevalence 

between hospital and community MRSA strains. The prevalence of hospital-associated MRSA strains 

in Belgium, Bulgaria and France based on 2015 surveillance data were similar to ours, whereas in 

Romania, Malta, Portugal, Cyprus and Greece were much higher (over 30%) [3]. We have found that 

8.4% (49/583) in community-acquired and 19.0% (22/116) of hospital-acquired MRCNS isolates, 

while Považan et al. have found 62.2% (122) MRCNS isolates from hemocultures sampled from 

inpatients of the Institute for Pulmonary Diseases of Vojvodina [14]. In our study, all of MRSA and 

MRCNS isolates were resistant to penicillin which was in accordance with global report of 

antimicrobial susceptibility testing [10]. More than half of Staphylococcus isolates in our study were 

resistant to erythromycin, similarly with global macrolide resistance rate in staphylococci [15]. We 

have found that more than 85% MRSA and MRCNS isolates have shown significantly higher 

resistance to erythromycin than the MSSA and MSCNS isolates (about 55%). Similar data have been 

reported in other regions of Serbia and Greece [14, 16]. We have found high prevalence of resistance 

to clindamycin, gentamicin, and ciprofloxacin among community- and hospital-associated MRSA and 

MRCNS isolates, and low among MSSA and MSCNS isolates, similarly with other studies [11, 17]. 

We didn't find significant difference between community- and hospital-acquired S. aureus isolates in 

resistance to all antimicrobial agents, except to gentamicin (for both MRSA and MSSA isolates). 

Also, among our CNS isolates, there were significant more inpatient isolates resistant to cefoxitin and 

erythromycin than outpatient isolates. Both hospital- and community-acquired MRSA showed higher 

resistance rates to all tested antimicrobial agents than MSSA isolates, and MRCNS showed higher 

resistance rates to all antibiotics than MSCNS isolates (except inpatient isolates to clindamycin), as 

well as in study by Kim and others [17]. However, Považan and others [14] found extremely higher 

resistance rates to clindamycin, gentamicin, and ciprofloxacin among their hospital-acquired MRCNS 

strains (more than 70%) in relation to ours. 

Generally, the iMLSb was the most frequent phenotype among methicillin-resistant (about 

40%) and methicillin-susceptible staphylococci (about 30%) except outpatient MSCNS isolates, 

where the M/MSb phenotype was dominant (28.7%), similar to studies from different geographic 

locations [11,18]. In Europe, there was a high prevalence (more than 80%) of the cMLSb phenotype 

in MRSA, whereas the iMLSb was dominant in MSSA isolates[15,16]. In our study, there were no 

significant difference of prevalence of MLS phenotypes between inpatient and outpatient 

staphylococci isolates, except for M/MSb phenotype which was significantly prevalent in inpatient 

than outpatient MRSA and MSCNS isolates. Among all of MLS phenotypes, the rarest LSa/b was 

found in MRSA, MSSA, and MSCNS isolates, as well as in France and Czech Republic [19,20]. One 

of MSSA isolates was different from others LSa/b phenotypes by channel of sensitivity between 

clindamycin and erythromycin disc, and it looked like "keyhole". In South Korea similar novel 

phenotype has been described in 46 of S. agalactiae isolates [5]. 
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There were not significant differences between our community- and hospital-associated S. 

pneumoniae isolates in their resistance to antibiotics. Only the small percentage of our S. pneumoniae 

isolates showed resistance to penicillin (9.1%, 5/5 community- and 11.1%, 1/9 hospital-acquired), 

while Mladenović-Antić and others discovered higher resistance to penicillin (27%) in hospital-

acquired pneumococci isolates in the first decade of this century in Nišava region, Serbia [21]. In our 

region, we discover a very high resistance rate to erythromycin in S. pneumoniae (63.6%, 35/55 

community- and 77.8%, 7/9 hospital-acquired isolates), which was in accordance with findings by 

Dinić and others (78.4% and 65.6%, respectively) [22]. However, Hadnađev and Mijač and others 

found lower rate of resistance to erythromycin in S. pneumoniae (36% and 45%, respectively) in their 

studies in Serbia [4, 23]. Some parts of Malta and Romania had similar prevalence rate of macrolide 

resistance among S. pneumoniae in 2012 and 2015 to ours findings. Wide inter-country variations in 

the emergence of macrolide-resistant S. pneumoniae were recorded across Europe, with prevalence 

ranging from 0% to 74% in period from 2012 to 2015 [3]. Also, a very high resistance rate to 

clindamycin among our community-associated strains of S. pneumoniae (38.2%, 21/55) was detected, 

while neither one of our S. pneumoniae isolates showed resistance to ciprofloxacin, which was similar 

to other researches from Serbia [22, 24]. 

In our region, cMLSb phenotype was the most prevalent (38.2%) of all S. pneumoniae isolates 

from outpatient samples, whereas the M/MSb (33.3%) was dominant among hospital-acquired 

isolates. Different from our findings, the dominant MLS resistance phenotype was cMLSb among 

hospital isolates of S. pneumoniae in Nišava district and central and northern parts of Serbia [22, 23, 

25], but authors from Italy [26] yielded results similar to our findings. 

There were no S. agalactiae isolates resistant to penicillin and ceftriaxone as well as in Italy 

[13]. Our S. agalactiae isolates showed relatively high resistance rates to erythromycin (32.4%, 

45/139 community- and 18.2%, 2/11 hospital-acquired) and clindamycin (21.6%, 30/139 community- 

and 9.1%, 1/11 hospital-acquired). In Italy [13], the same resistance to erythromycin (19%) was 

observed among S. agalactiae isolates as well as in Spain [6], but the resistance to clindamycin was 

significantly higher (53%). There was a similarity between our region and regions of the United States 

regarding resistance rate to erythromycin among S. agalactiae isolates (ranged from 38% to 41.9%) 

[27]. In our area were found very high resistance rate to gentamicin (about 70%) and ciprofloxacin 

(about 30%) among both community- and hospital-associated S. agalactiae isolates. 

The cMLSb resistance phenotype was dominant among S. agalactiae community-acquired 

strains, whereas the same proportions of cMLSb and M/MSb were found as the commonest resistance 

phenotype among hospital-acquired S. agalactiae isolates, consistent with other studies [13, 27]. We 

detected a small percentage of rare LSa/b resistance phenotype (6.5%, 9/139) among community-

acquired S. agalactiae isolates, similar with other study [13]. Resistance rate to macrolides and 

lincosamides in S. agalactiae has been steadily increased, although it varies greatly between regions 

[13]. 
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We didn't find resistant strain to penicillin among S. pyogenes isolates, so it would be remained 

the first-line antibiotic in the treatment of S. pyogenes infections [28]. The very high resistance rates 

to erythromycin among ours S. pyogenes (43.7%, 104/238 community- and 46.2%, 12/26 hospital-

acquired) isolates were found, while the reported resistance rate to erythromycin among community-

acquired S. pyogenes isolates in Serbia from 2004 to 2009 was only 19% [4]. Resistance rates to 

erythromycin, clindamycin, gentamicin and ciprofloxacin among our S. pyogenes isolates were 

higher than in other parts of Serbia and some European countries [7, 29]. The very high resistance to 

erythromycin among our S. pyogenes isolates can be explained by uncontrolled and excessive 

consumption of total macrolide and long-acting macrolides (i.e. azithromycin) and other antibiotics in 

Southeast Serbia. 

Dominance of M/MSb phenotype among community-acquired S. pyogenes isolates observed in 

our study, correspond well to results of many other studies [25, 28, 29]. Also, cMLSb was the most 

common resistance phenotype among our hospital-associated S. pyogenes isolates. However, MLS 

phenotype is increasingly reported in Europe [7]. 

In general, the resistance rates to macrolides and lincosamides showed wide variations in 

bacterial species and geographical region. These variations were mostly developed because of 

differences in antimicrobial use, infection prevention, and infection control practices in different 

regions. Monitoring the frequency of staphylococcal and streptococcal resistance to macrolides and 

lincosamides and various mechanisms of resistance at the local level is essential for determining 

empirical therapy. Physicians should consider local and regional resistance patterns when they choose 

an appropriate medication for the treatment of both inpatient and outpatient staphylococcal and 

streptococcal infections. 

CONCLUSION 

This study is the first extensive report on macrolide and lincosamide resistance of common 

hospital- and community-associated staphylococcal and streptococcal isolates in Southeast Serbia. 

Our results indicated that there was a significant prevalence of the iMLSb resistance phenotype in all 

inpatient and outpatient staphylococcal isolates and phenotypic triaging of all staphylococci is 

necessary in order to distinguish between inducible resistant and truly clindamycin susceptible isolate. 

The methicillin-resistant inpatient and outpatient staphylococci isolates were significantly more 

resistant to penicillin, erythromycin, clindamycin, gentamicin and ciprofloxacin than methicillin-

sensitive. Our findings also indicate a very high resistance to macrolides in both inpatient and 

outpatient S. pneumoniae, S. pyogenes, and S. agalactiae isolates, that reached 77.8%, 46.2% and 

32.4%, respectively, so these antibiotics should not be recommended for empirical therapy of 

infection caused by these bacteria. Penicillins remain the drugs of choice for 

treatment of streptococcal infections in our local area. Because of constant changes of resistance rates 

to antibiotics, survey of the antibiotic usage and development of resistance is recommended. 



Srp Arh Celok Lek 2017│Online First November 17, 2017│DOI: https://doi.org/10.2298/SARH170407197M 

DOI: https://doi.org/10.2298/SARH170407197M   Copyright © Serbian Medical Society 

11 

NOTE 

This study was supported by the Ministry of Science and Technology of the Republic of Serbia 

under Grant Number III41010. 

The findings in this study also will be a part of the doctoral thesis approved by the Senate of the 

University of Kragujevac. 

REFERENCES 
1. Lieberman JM. Appropriate antibiotic use and why it is important: the challenges of bacterial resistance. 

Pediatr Infect Dis J. 2003; 22(12): 1143–51.  
2. Forbes BA, Sahm DF, Alice WS. Staphylococcus, Micrococcus, and Similar Organisms in Bailey & Scott's 

Diagnostic Microbiology, 11th Ed. St. Louis: Mosby; 2002; 285-92 
3. European Centre for Disease Prevention and Control. Antimicrobial resistance surveillance in Europe 2015. 

Annual Report of the European Antimicrobial Resistance Surveillance Network (EARS-Net). Stockholm: 
ECDC; 2017.  

4. Mijac V, Opavski N, Markovic M, Gajic I, Vasiljevic Z, Sipetic T, et al. Trends in macrolide resistance of 
respiratory tract pathogens in the paediatric population in Serbia from 2004 to 2009. Epidemiol Infect. 2015; 
143(3): 648–52.  

5. Srinivasan U, Miller B, Debusscher J, Marrs CF, Zhang L, Seo YS, et al. Identification of a Novel Keyhole 
Phenotype in Double-Disk Diffusion Assays of Clindamycin-Resistant Erythromycin-Sensitive Strains of 
Streptococcus agalactiae. Microb Drug Resist. 2011; 17(1): 121-4.  

6. Betriu C, Culebras E, Gómez M, Rodríguez-Avial I, Sánchez BA, M. C. Ágreda MC, et al. Erythromycin 
and Clindamycin Resistance and Telithromycin Susceptibility in Streptococcus agalactiae. Antimicrob 
Agents Chemother. 2003; 47(3): 1112–4.  

7. Richter SS, Heilmann KP, Dohrn CL, Beekmann SE, Riahi F, Garcia-de-Lomas J, et al. Increasing 
telithromycin resistance among Streptococcus pyogenes in Europe. J Antimicrob Chemother. 2008; 61(3): 
603–11.  

8. Ruoff KL, Whiley RA, Beighton D. Streptococcus. In: Murray PR, Baron EJ, Pfaller MA, Tenover FC, 
Yolken RH, editors. Manual of clinical microbiology. 7th ed. Washington: American Society for 
Microbiology; 1999. p. 283–696 

9. Clinical Laboratory Standards Institute (CLSI). Performance standards for antimicrobial susceptibility 
testing. M100-S22, M2-7 and M-7. Wayne: Guidelines for Streptococcus spp, β-hemolytic group; 2012. 

10. WHO. Antimicrobial resistance: global report on surveillance. Geneva: World Health Organization; 2014. 
11. Aleksandra AD, Misic MS, Mira ZV, Violeta NM, Dragana IT, Zoran BM, et al. Prevalence of inducible 

clindamycin resistance among community-associated staphylococcal isolates in central Serbia. Indian J Med 
Microbiol. 2014; 32: 49–52.  

12. Gajić I, Mijač V, Ranin L, Anđelković D, Radičević M, Opavski N. Invasive Isolates of Streptococcus 
Pneumoniae in Serbia: Antimicrobial Susceptibility and Serotypes. Srp Arh Celok Lek. 2013; 141: 48–53.  

13. Piccinelli G, Fernandes P, Bonfanti C, Caccuri F, Caruso A, De Francesco MA. In vitro activity of 
solithromycin against erythromycin-resistant Streptococcus agalactiae. Antimicrob Agents Chemother. 
2014; 58: 1693–8.  

14. Povožan A, Vukelić A, Karucin T, Hadnađev M, Milošević V, Gusman V. Non-susceptibility trends among 
methicillin-resistant coagulase-negative staphylococci isolated from blood cultures. Arch. Biol. Sci. 2014; 
66: 79-86.  

15. Diekema DJ, Pfaller MA, Schmitz FJ, Smayevsky J, Bell J, Jones RN, et al. Survey of Infections Due to 
Staphylococcus Species: Frequency of Occurrence and Antimicrobial Susceptibility of Isolates Collected in 
the United States, Canada, Latin America, Europe, and the Western Pacific Region for the SENTRY 
Antimicrobial Surveillance Program, 1997-1999. Clinical Infectious Diseases. 2001; 32: S114–32.  

16. Fokas S, Fokas S, Tsironi M, Kalkani M, Dionysopouloy M. Prevalence of inducible clindamycin resistance 
in macrolide-resistant Staphylococcus spp. Clin Microbiol Infect. 2005; 11: 337–40.  

17. Kim HB, Jang HC, Nam HJ, Lee YS, Kim BS, Park WB, et al. In Vitro Activities of 28 Antimicrobial 
Agents against Staphylococcus aureus Isolates from Tertiary-Care Hospitals in Korea: a Nationwide Survey. 
Antimicrob Agents Chemother. 2004; 48: 1124–7.  

18. Hamilton-Miller JM, Shah S. Patterns of phenotypic resistance to the macrolide-lincosamide-ketolide-
streptogramin group of antibiotics in staphylococci. J Antimicrob Chemother. 2000; 46: 941–9.  

19. Tessé S, Trueba F, Berthet N, Hot C, Chesneau O. Resistance Genes Underlying the LSA Phenotype of 
Staphylococcal Isolates from France. Antimicrob Agents Chemother. 2013; 57: 4543–6.  



Srp Arh Celok Lek 2017│Online First November 17, 2017│DOI: https://doi.org/10.2298/SARH170407197M 

DOI: https://doi.org/10.2298/SARH170407197M   Copyright © Serbian Medical Society 

12 

20. Novotna G, Adamkova V, Janata J, Melter O, Spizek J. Prevalence of Resistance Mechanisms against 
Macrolides and Lincosamides in Methicillin-Resistant Coagulase-Negative Staphylococci in the Czech 
Republic and Occurrence of an Undefined Mechanism of Resistance to Lincosamides. Antimicrob Agents 
Chemother. 2005; 49: 3586–9.  

21. Mladenovic-Antic S, Kocic B, Stojanovic P, Ivic S, Mladenovic V. P743 Antimicrobial resistance of 
Streptococcus pneumoniae strains to penicillin and ceftriaxone, isolated in the Niš district, Romania during 
1999-2006. Int J Antimicrob Agents. 2007; 29: S183. 

22. Dinic M, Mladenovic-Antic S, Kocić B, Stankovic-Djordjevic D, Vrbic M, Bogdanovic M. Susceptibility of 
respiratory isolates of Streptococcus pneumoniae isolated from children hospitalized in the Clinical center 
Nis. Medicinski pregled. 2016; 69: 110–4.  

23. Hadnađev M, Gajić I, Mijač V, Kurucin T, Považan A, Vulin A, et al. Phenotypes and genotypes of 
macrolide-resistant Streptococcus pneumoniae in Serbia. Arch Biol Sci. 2014; 66: 99–105.  

24. Gajić I, Opavski N, Mijač V, Ranin L. Macrolide-resistant phenotypes of invasive Streptococcus 
pneumoniae isolates in Serbia. Arch Biol Sci. 2012; 64: 1377–82.  

25. Gajić I, Mijač V, Opavski N, Stanojević M, Lazarević I, Šmitran A, et al. Distribution of macrolide-resistant 
genes among isolates of macrolide resistant Streptococcus pyogenes and Streptococcus pneumoniae in 
Serbia. Arch Biol Sci. 2014; 66: 93–8.  

26. Monaco M, Camilli R, D'Ambrosio F, Del Grosso M, Pantosti A. Evolution of erythromycin resistance in 
Streptococcus pneumoniae in Italy. J Antimicrob Chemother. 2005; 55: 256–9.  

27. Borchardt SM, DeBusscher JH, Tallman PA, Manning SD, Marrs CF, Kurzynski TA, et al. Frequency of 
antimicrobial resistance among invasive and colonizing Group B streptococcal isolates. BMC Infect Dis. 
2006; 6: 57.  

28. Pavlovic L, Grego E, Sipetic-Grujicic S. Prevalence of Macrolide Resistance in Streptococcus pyogenes 
Collected in Serbia. Jpn J Infect Dis. 2010; 63: 275–6.  

29. Opavski N, Gajic I, Borek AL, Obszańska K, Stanojevic M, Lazarevic I, et al. Molecular characterization of 
macrolide resistant Streptococcus pyogenes isolates from pharyngitis patients in Serbia. Infect Genet Evol. 
2015; 33: 246–52.  


