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The prevalence of resistance to macrolides and lincosamides among community

and hospital acquired Staphylococci and Streptococci isolates in southeast Serbia

YdecTanocT pe3ucTeHINje Ha MAaKPOJIU/IE U IMHKO3aMHUJIe KOl aMOyTaHTHHUX U

OOJIHUYKHMX M30J1aTa CTAQHUIOKOKA U CTPENTOKOKA y jyrouctounoj Cpouju

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 streptococct
isolates were sensitive to vancomycin and linezolid,
and all beta-haemolytic streptococei. 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

INTRODUCTION

CAXKETAK

YBoa/llnb Pactyha pesucteHnuja Ha Makpoiauae U
JUHKO3aMHUe KOJA CTaHIOKOKa U CTpPEenTOKOKa je
IocTasna rao0aiHu MPoOIeM.

IMum oBe cryauje je OHMO Ja HCTpakKd ydecTaIoCT
Makponug-muHKo3aMua-ctpentorpamur  (MJIC)  ce-
HOTHIIOBA PE3HUCTEHIMje KOJ M30iaTa cTaduiiokoka u
CTPENTOKOKA Y jyrouctounoj Cpouju.

Mertoge MJIC ¢enoTunoBu. Oomam ‘cy yrtBpheHu
IyIId-IucK  Oudy3uoHOM = MeroaoM —Ha 2121
OOJTHMYKOM M aMOYJIaHTHOM H30J1aTy CTa(UIIOKOKa U
CTPENTOKOKa HPUKYNJBEHOM TOKOM  jeIHOTOJIUILIHET
nepuojna y LleHTpy 3a MUKpOOHONOTH]Y.

Pesyararn  M3omaTé . METULMIMH-PE3UCTECHTHUX
cTaUIIOKOKA OUITM Cy PE3UCTEHTHUJU Ha NEHUIUIIMH,
€pPUTPOMHIIMH, KIUHJAMULUH, TEHTAMUIUH U IUIIPO-
¢nokcarua (100%, 100%, 29,2%, 65,6% u 53,1%,
PECIIEKTUBHO) HETr0 MeTHUIUInH-oceT/buBH (93,6%,
64,9%, 12,0%, 28,9% u 11,7%, pecniektuBno). Uumy-
UUMOWIHI KJIMHIAMUIIMH PE3UCTEHTHU (HEHOTHI je 610
JIOMUHAHTaH KON wu3ojara S. aqureus W Koarynasa-
HeraTUBHUX ctaduinokoka. M3omnaru S. pneumoniae, S.
pyogenes u S. agalactiae TIOKa3aau Cy BeOMa BUCOKY
pesucreniyjy Ha eputrpomuuun (77,8%, 46,2% u
32,4%, pecniektuBHO). CBU HM307aTH CTa(QHIOKOKA U
CTPENpOKOKa OMIIN Cy CEH3UTHBHU Ha BAaHKOMHIMH U
JUHE30IMJ, a CBU H30JaTH OeTa-XeMOIUTUYKHX
CTPENTOKOKA Ha MEHHUIMINH U Le(TPHAKCOH.
3ak/pyyak @DeHOTHICKA TpHjaka cTauIOKOKa je
HEOMXOJHAa Jia OW ce OJBOjWIM HWHAYIUOUIHIO
PE3UCTEHTHH OJI CTBAPHO KJIMHAAMUIIMH OCETJBHBHX
n3zonata. Makpoauau ce He Tpenopydyjy 3a
EMIIMPUjCKY Tepamujy CTPENTOKOKHUX HHQEKIHja.
Ilennuunue ocraje  Jnexk u3dopa 3a TpeTMaH
cTaMIIOKOKHUX MH(EKIN]ja y HallleM OKpYTY.
Kibyune peumn: cradunokoke; crpentoxoxe; MIIC
(beHoTHIIOBU pE3UCTEHIHj€E; UHAYyIUOMIHA
KJIMHIAMHIHH Pe3UCTeHIHja

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 iMLSDb 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-BioM¢érieux, 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-BioM¢érieux, Marcy I'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 pg, Clindamycin 2 pg, Gentamicin 10 pg, Ciprofoxacin 5 pg, Penicillin G 10 pg,
Ceftriaxone 30 pg, Cefoxitin 30 pg, Vancomycin 30 » pg, . Linezolid 30 pg
(Bioanalyse®™, Ankara, Turkey). Methicillin resistance in staphylococci was determined by cefoxitin
disk diffusion method (30 pg) [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 (15pg) and
clindamycin (2pg) 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 (Etr/Cli S), cMLSb which were resistant to erythromycin and clindamycin,
iIMLSb 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).

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

streptococci isolates.
Cefoxitin Penicillin Erythromycin Clindamycin Gentamicin Ciprofloxacin

Bacteria Comm. Hosp. Comm. Hosp. Comm. Hosp. Comm. Hosp. Comm. Hosp. Comm. Hosp.
/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)

130/784 32/160 723/784 142/160 464/784 94/160 68/784 10/160 159/784 56/160 96/784 23/160

(16.6) (20.0) (92.2) (88.8) (59.2) (58.8) (8.7) (6:3) (203) (35.0) (12.2) (144

MRSA 130130 32/32 130130 32/32 112/130 28/32 38130832 58130 21/32 53/130 17/32
(100.0) (100.0) (100.0) (100.0) (86.2) (87.5) (29.2) (25.0) (44.6) (65.6) (40.8) (53.1)

0/654  0/128 593/654 110/128 352/654 66/128 30/654 2/128 100/654 37/128 40/654 5/128
0.0)  (0.0) (90.7) (85.9) (538) (51.6)»(4.6) (1.6) (153) (289) (6.1) (3.9

49/583 22/116 527/583 110/116 343/583 83/116 74/583 11/116 112/583 29/116 58/583 19/116
(8.4) (19.0) (90.4) (94.8) (58.8) (71.6) (12.7) (9.5) (19.2) (25.0) (9.9) (16.4)

MRCNS 49/49 22022 49/49 22022 4349 2222 10/49 122 2849 922 17/49 922
(100.0) (100.0) (100.0) (100.0) (87.8) (100.0) (20.4) (4.5) (57.1) (40.9) (34.7) (40.9)

0/534  0/94 478/534 88/94 300/534 61/94 64/534 10/94 82/534 20/94 41/534 11/94

S. aureus

MSSA

CNS

MSCNS (0.0) (0.0) (89.5) (93.6) (56.2) (64.9) (12.0) (10.6) (154) (213) ((7.7) (@A1.7)
S. 14/55 7/9 5/55 1/9 35/55 7/9 21/55 2/9 24/55 3/9 0/55 0/9
pneumoniae (25.5) (77.8) 9.1) (111) (63.6) (77.8) (38.2) (22.2) (43.6) (33.3) (0.0 (0.0)
S. _ _ 0/139  0/11 45/139  2/11  30/139 1/11 101/139 &/11 45/139 4/11
agalactiae (0.0) (0.0) (324) (182) (21.6) (9.1) (72.7) (72.7) (32.4) (36.4)
0/238  0/26 104/238 12/26  40/238 7/26  79/238 10/26 51/238  6/26
S. pyogenes - -

0.0) (0.0) (43.7) (462) (168) (26.9) (33.2) (38.5) (21.4) (23.1)

MRSA - Methicillin-resistant S. aureus; MSSA - Methicillin-susceptible S. aureus; CNS - Coagulase negative
staphylococci; MRCNS - Methicillin-resistant coagulase negative staphylococci; MSCNS - Methicillin-
susceptible coagulase negative staphylococci

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
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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 MRS A 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.

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

MRSA MSSA MRCNS MSCNS
Phenotypes Comm. Hosp. Comm. Hosp. Comm. Hosp. Comm. Hosp.
n®%) n®%) P n%) n®%) P a®%) n®%) P n@®%) nw) °?
. 16 3 299 62 6 0 25 R
E/CHS 103y 94) %798 457y @sa) ©9%8 122) ©00) 197 @21y a0y 172
36 7 27 2 101 55 9
MLSb 77y 219) 960 w1y a6 %% 204 @s) "% 103 e
16 10 o1 24 1310 08 27
MMSb 53y 31.3) 014 (39) (18.8) 172 (26.5) @s5) 0190 (184) (287) 0024
. 60 11 234 40 20 11 147 25
IMLSb 460y (344) 92% (358) (31.3) 9302 408) (50.0) 0% (275 (266 000
2 I 3 0 9 I
LSa/b 5 10985 Lo g 100 000) 00 too L Lo
Total 130 32 654 128 49 2 534 94
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)

MRSA - Methicillin-resistant S. aureus; MSSA - Methicillin-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/MSDb - Resistance to Macrolide/Macrolide-Streptogramin B;
iMLSDb - Inducible resistance to Macrolide-Lincozamide-Streptogramin B; LSa/b - Resistance to Lincozamide-
Streptogramin A/Streptogramin B

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

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



Srp Arh Celok Lek 2017 | Online First November 17, 2017 | DOTI: https://doi.org/10.2298 /SARH170407197M 7

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. prneumoniae from outpatient isolates,
among S. agalactiae from inpatient and outpatient isolates, and among S. pyogenes from inpatient
isolates (Table 3). The M/MSb was the most prevalent phenotype among S. pneumoniae from

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

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

S. pneumoniae S. agalactiae S. pyogenes
Phenotypes Comm. Hosp. Comm. Hosp. Comm. Hosp.
n%) n®%) ? n(%) n%) °? n(%)  n(%) p
. 20 2 85 9 134 14
Er/Cli S Ge4) 22 7% 61y @18 M 563y 538y 08T
21 2 21 I 40 7
CMAIERLD 382 22 % asy  on 9 e (69 9?76
9 3 18 i 45 5
M/MSb a64) 333 P 29 @ M9 Ggoy gz 10
. 5 2 6 0 19 0
iMLSb on @2 9P w3y 0o M o 0o 922
0 0 9 0 0 0
LSa/b 0o 00 0 w65 0o % 0o 0o 100
Total 55 9 139 1 238 26
(100.0)  (100.0) (100.0)  (100.0) (100.0)  (100.0)

Er/Kli S - Susceptibility to erythromycin and clindamycin; eMLSb - 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

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].
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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 Povazan 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 staphylocoeci [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, Povazan and others [14] found extremely higher
resistance rates to clindamycin, gentamicin, and ciprofloxacin among their hospital-acquired MRCNS
strains (more than 70%).in relationto 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 Mladenovi¢-Anti¢ and others discovered higher resistance to penicillin (27%) in hospital-
acquired pneumococci isolates in the first decade of this century in NiSava 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
Dini¢ and others (78.4% and 65.6%, respectively) [22]. However, Hadnadev and Mijac¢ 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 wvery 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 NiSava 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 (§3%). 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 te 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.
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