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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 2,121 inpatient
and outpatient staphylococcal and streptococcal isolates collected during a one-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%, respec-
tively) than the methicillin-sensitive ones (93.6%, 64.9%, 12%, 28.9%, and 11.7%, respectively). The induc-
ible 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 erythro-
mycin (77.8%, 46.2%, and 32.4%, respectively). All staphylococci and streptococci isolates were sensitive
to vancomycin and linezolid, and all beta-hemolytic streptococci isolates to penicillin and ceftriaxone.
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 infec-
tions in our local area.

Keywords: staphylococci; streptococci; MLS resistance phenotypes; inducible clindamycin resistance

Received « MpuMmmbeHo:
April 7,2017

Revised - PeBu3snja:
November 5, 2017

Accepted - MpuxsaheHo:
November 7, 2017
Online first: November 17,2017

Correspondence to:

Dejan BASKIC

Kragujevac Public Health Institute
Nikole Pasi¢a 1

34000 Kragujevac, Serbia
dejan.baskic@gmail.com

INTRODUCTION

Inpatient Staphylococcus aureus, Streptococ-
cus pyogenes, and Streptococcus pneumoniae
infections was the biggest problem in the pre-
antibiotic era [1]. Today, when large number
of antibiotics are available, we are once again
faced with the problem of treating infections
caused by penicillin-resistant pneumococci,
methicillin- and vancomycin-resistant strains
of S. aureus and coagulase-negative staphylo-
cocci (CNS) [1].

S. aureus cause a variety of infections, rang-
ing from mild skin infections to fatal bacte-
remia: osteomyelitis, pneumonia, arthritis,

staphylococcal scalded skin syndrome, endo-
carditis, myocarditis, pericarditis, and bactere-
mia [2, 3]. The most common CNS infections
are nosocomial bacteremia related to central
venous catheter, endocarditis in patients with
artificial heart valves, infections from an in-
travenous catheter insertion site, and postop-
erative 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 infec-
tions [4]. S. agalactiae causes serious infections
in newborns and pregnant women, acute and
chronic respiratory infections, endocarditis,
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sepsis, meningitis, and pyelonephritis [5, 6]. S. pyogenes
causes uncomplicated upper respiratory tract and skin in-
fections, but also severe life-threatening infections, which
are very common in developing countries [7].

Macrolide and lincosamide antibiotics are often used
for the treatment of staphylococci and streptococci infec-
tions. Therapeutic use of macrolide-lincosamide-strepto-
gramin group B (MLSb) antibiotics can cause inducible
macrolide-lincosamide-streptogramin group B (iMLSb)
resistance and subsequent clinical failure of therapy, espe-
cially 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 the
double-disk diffusion method (D-test). Without the D-
test, all clinical isolates with iMLSb resistance would be
erroneously interpreted as clindamycin-susceptible caus-
ing 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 clini-
cal samples in southeast Serbia. To determine observed
MLS resistance phenotypes, D-test was used.

METHODS

We analyzed 2,121 clinical isolates of staphylococci and
streptococci, collected during a one-year period (Octo-
ber 2012 to October 2013) at the Center for Microbiology
of the Public Health Institute in Vranje, Serbia, includ-
ing 865 isolates from nasal and throat swabs, 810 from
purulent discharge, 442 from genital secretions, and four
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 the medium from red to yellow and pro-
duce free coagulase were identified as S. aureus, else were
identified as CNS [2]. S. pneumoniae was identified using
Gram stain, catalase (negative), and optochin test (BioRad
Laboratories, Hercules, CA, USA). The slide agglutination
test was used as confirmatory identification of S. pneu-
moniae (Slidex pneumo-kit; bioMérieux, Marcy—l’Etoile,
France) [8]. S. agalactiae was identified using Gram stain,
catalase test (negative), CAMP test, and rapid latex agglu-
tination test (Streptex-Slidex® Strepto Plus, bioMérieux)
[8]. The identification of S. pyogenes was performed us-
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ing Gram stain, catalase test (negative), the susceptibility
test to bacitracin (0.04 UI, Taxo A, BBL, BD Microbiology
Systems, Cockeysville, MD, USA), and rapid latex aggluti-
nation test (Streptex-Slidex® Strepto Plus, bioMérieux) [8].

Antibiotic susceptibility testing

The antibiotic susceptibility test was performed by the
standard disk diffusion method using Mueller-Hinton
agar according to the Clinical & Laboratory Standards In-
stitute guidelines [9]. The following antibiotic discs were
used: erythromycin 15 ug, clindamycin 2 pg, gentamicin
10 pg, ciprofloxacin 5 pg, penicillin G 10 pg, ceftriaxone
30 pg, cefoxitin 30 ug, vancomycin 30 pg, linezolid 30 ug
(Bioanalyse®, Ankara, Turkey). Methicillin resistance in
staphylococci was determined by the cefoxitin disk dif-
fusion method (30 pg) [9]. Penicillin-susceptible Staphy-
lococcus isolates were further tested for beta-lactamase
production using a nitrocefin disk test (Bioanalyse®) [2].
Reference strains S. pneumoniae ATCC 49619 and S. aga-
lactiae 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’s own strains of S.
aureus and S. pyogenes which show results of both positive
and negative D-test.

Determination of resistance phenotypes

MLSDb resistance phenotypes were determined by the D-
test. Erythromycin (15 pg) and clindamycin (2 pg) disks
were placed at an edge-to-edge distance of 12 mm on in-
oculated Mueller-Hinton agar. The following MLS resis-
tance 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 clindamy-
cin disks in adjacent positions resulting in a D-shaped
zone around the clindamycin disk, susceptible to clinda-
mycin (without blunting zone) and resistant to erythromy-
cin (M/MSb), and resistant to clindamycin and sensitive
to erythromycin (LSa/b).

RESULTS

The overall antimicrobial resistance of the tested isolates is
presented in Table 1, except for vancomycin, linezolid, and
ceftriaxone, since resistance to vancomycin and linezolid
among staphylococci and streptococci, and resistance to
ceftriaxone among streptococci were not detected.
Staphylococci showed the highest resistance rate to
penicillin, while the lowest showed S. pyogenes and S.
agalactiae isolates (Table 1). Methicillin-resistant Staphy-
lococcus aureus (MRSA) (86.2%, 112/130 community- and
87.5%, 28/32 hospital-acquired) and methicillin-resistant
coagulase-negative staphylococci (MRCNS) (87.8%, 43/49
community- and 100%, 22/22 hospital-acquired) isolates
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showed the highest resistance rate to erythromycin, while
S. agalactiae showed the lowest resistance. 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 methicillin-sensitive
Staphylococcus aureus (MSSA) and methicillin-susceptible
coagulase-negative Staphylococcus (MSCNS). S. agalactiae
(72.7%, 101/139 community- and 72.7%, 8/11 hospital-
associated) and MRSA (65.6%, 21/32 hospital-acquired)
isolates showed the highest resistance rate to gentamicin,
while MSSA and MSCNS isolates showed the lowest re-
sistance. 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
showed the highest resistance rate to ciprofloxacin, while
S. pneumoniae and MSSA isolates showed the lowest re-
sistance rate (Table 1).

A comparison between hospital- and community-asso-
ciated isolates showed significantly (p < 0.05) higher resis-
tance rate to gentamicin in hospital-associated S. aureus,
MSSA, and MRSA isolates than in community-associat-
ed ones (Table 1). MRSA compared to MSSA hospital-
and community-acquired isolates showed significantly
(p < 0.05) higher resistance rate to all observed antibiotics.
CNS isolates showed significantly (p < 0.05) higher resis-
tance rate to cefoxitin and erythromycin in hospital- than
in community-associated isolates. MRCNS compared to
MSCNS community-acquired isolates showed significant-
ly (p < 0.05) higher resistance rate to penicillin and gen-
tamicin. MRCNS compared to MSCNS community- and
hospital-acquired isolates showed significantly (p < 0.05)
higher resistance to cefoxitin, erythromycin, and cipro-
floxacin. A comparison between S. pneumoniae isolates
showed significantly (p < 0.05) higher resistance rate to
cefoxitin in hospital- than in community-associated iso-
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lates. Significant differences (p < 0.05) were found between
S. pneumoniae and S. agalactiae to penicillin, clindamycin,
gentamicin, and ciprofloxacin (in community-acquired
isolates), and to erythromycin (in community- and hos-
pital-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 staphy-
lococci except among hospital-acquired MSCNS strains,
where M/MSb resistance phenotype was dominant (Ta-
ble 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 rar-
est among all of MLS resistance phenotypes and most
common in MRSA strains from inpatient samples and in
MSCNS and MSSA strains from outpatient samples.

A comparison between inpatient and outpatient iso-
lates showed a significant (p < 0.05) difference in MRSA
and MSCNS isolates with M/MSb phenotype (Table 2). A
comparison between MRSA and MSSA isolates showed
a significant (p < 0.05) difference among community-ac-
quired isolates in the frequency of Er/Cli S, cMLSb, and
iMLSb phenotypes, and among hospital-acquired isolates
in the frequency of Er/Cli S and cMLSb phenotypes. A
comparison between MRCNS and MSCNS isolates showed
a significant (p < 0.05) difference among community-ac-
quired isolates in the prevalence of Er/Cli S, and among
hospital-acquired isolates in the 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. agalac-
tiae from inpatient and outpatient isolates, and among
S. pyogenes from inpatient isolates (Table 3). The M/MSb

Table 1. Antimicrobial resistance rates among community- and hospital-acquired staphylococci 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/N (%)
S aureus 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) (92.2) (88.8) (59.2) (58.8) (8.7) (6.3) (20.3) (35) (12.2) (14.4)
MRSA 130/130 | 32/32 | 130/130 | 32/32 | 112/130 | 28/32 38/130 8/32 58/130 21/32 53/130 17/32
(100) (100) (100) (100) (86.2) (87.5) (29.2) (25) (44.6) (65.6) (40.8) (53.1)
MSSA 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) (90.7) (85.9) (53.8) (51.6) (4.6) (1.6) (15.3) (28.9) (6.1) (3.9
CNS 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) (90.4) (94.8) (58.8) (71.6) (12.7) (9.5) (19.2) (25) (9.9) (16.4)
MRCNS 49/49 22/22 49/49 22/22 43/49 22/22 10/49 1/22 28/49 9/22 17/49 9/22
(100) (100) (100) (100) (87.8) (100) (20.4) (4.5) (57.1) (40.9) (34.7) (40.9)
MSCNS 0/534 0/94 478/534 | 88/94 |300/534 | 61/94 64/534 10/94 82/534 20/94 41/534 11/94
(0) (0) (89.5) (93.6) (56.2) (64.9) (12) (10.6) (15.4) (21.3) (7.7) (11.7)
S. pneumoniae 14/55 7/9 5/55 1/9 35/55 7/9 21/55 2/9 24/55 3/9 0/55 0/9
P (255) | (778) | (9.1) | (11.1) | (636) | (77.8) | (382) | (22.2) | (436) | (333) 0) (0)
s agalactiae } } 0/139 0/11 45/139 2/11 30/139 1/11 101/139 8/11 45/139 4/11
-a9 (0) (0) (32.4) (18.2) (21.6) 9.1) (72.7) (72.7) (32.4) (36.4)
S, pyogenes } } 0/238 0/26 104/238 | 12/26 40/238 7/26 79/238 10/26 51/238 6/26
-PYog (0) (0) 437) | (462) | (168) | (269 | (332) | (385) | (14) | (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
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Table 2. The frequency of macrolide-lincosamide-streptogramin resistance phenotypes among community- and hospital-acquired staphylo-

cocci isolates

MRSA MSSA MRCNS MSCNS
Phenotypes | Comm. Hosp. Comm. Hosp. Comm. Hosp. Comm. Hosp.
n) | n(%) 2 N | n%) Pl nee | nee) i n%) | n(%) i
Er/Cli S 16(12.3) | 3(94) 0.768 | 299 (45.7) | 62(48.4) | 0.628 | 6(12.2) 0(0) 0.167 | 225(42.1) | 32(34) 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) 0.605 | 147 (27.5) | 25 (26.6) | 0.900
LSa/b 2(1.5) 1(3.1) 0.485 3(0.5) 0(0) 1.00 0(0) 0(0) 1.00 9(1.7) 1(1.1) 1.00
Total 130 (100) | 32(100) 654 (100) | 128 (100) 49 (100) | 22 (100) 534(100) | 94 (100)

MRSA - methicillin-resistant S. aureus; MSSA — methicillin-susceptible S. aureus; MRCNS — methicillin-resistant coagulase-negative staphylococci; MSCNS

- metbhicillin-susceptible coagulase-negative staphylococci; Er/Cli S - susceptibility to erythromycin and clindamycin; cMLSb - constitutive resistance to
macrolide-lincosamide-streptogramin B; M/MSb - resistance to macrolide/macrolide-streptogramin B; iMLSb — inducible resistance to macrolide-lincosamide-
streptogramin B; LSa/b - resistance to lincosamide-streptogramin A / streptogramin B

Table 3. The frequency of macrolide-lincosamide-streptogramin resistance phenotypes among community- and hospital-acquired streptococci

isolates
EREa. 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) 1.00 19 (8) 0(0) 0.232
LSa/b 0(0) 0(0) 1.00 9(6.5) 0(0) 1.00 0(0) 0(0) 1.00
Total 55(100) 9(100) 139 (100) 11 (100) 238 (100) 26 (100)

Er/Cli S - susceptibility to erythromycin and clindamycin; cMLSb - constitutive resistance to macrolide-lincosamide-streptogramin B; M/MSb - resistance to
macrolide/macrolide-streptogramin B; iMLSb - inducible resistance to macrolide-lincosamide-streptogramin B; LSa/b - resistance to lincosamide-streptogramin

A/ streptogramin B

was the most prevalent phenotype among S. pneumoniae
from inpatient isolates, and among S. pyogenes from out-
patient isolates.

There was no significant (p > 0.05) difference between
community- and hospital-acquired streptococci isolates
in the frequency of MLS resistance phenotypes (Table 3).
A comparison between S. pneumoniae and S. agalactiae
showed a significant (p < 0.05) difference among com-
munity-acquired isolates in the frequency of Er/Cli S and
c¢MLSb phenotypes, and among hospital-acquired isolates
in the frequency of Er/Cli S. A comparison between S.
pneumoniae and S. pyogenes showed a significant (p < 0.05)
difference among community-acquired isolates in the fre-
quency of Er/Cli S and cMLSb phenotypes (Table 3).

DISCUSSION

Development of antimicrobial resistance in staphylococci
and streptococci includes 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-
hemolytic streptococcal isolates were susceptible to penicil-
lin and ceftriaxone, similar to other researchers [11, 12, 13].

In our study, 20% (32/160) of hospital-associated and
16.6% (130/784) of community-associated S. aureus iso-
lates were resistant to methicillin, with no significant
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difference in prevalence between hospital and commu-
nity MRSA strains. The prevalence of hospital-associated
MRSA strains in Belgium, Bulgaria, and France based on
2015 surveillance data were similar to ours, whereas those
in Romania, Malta, Portugal, Cyprus, and Greece were
much higher (over 30%) [3]. Regarding coagulase-nega-
tive staphylococci, we found 8.4% (49/583) of community-
acquired and 19% (22/116) of hospital-acquired MRCNS
isolates, whereas other authors found higher percentage
(62.2%) of MRCNS isolates among hospital strains [14].
In our study, all of MRSA and MRCNS isolates were re-
sistant to penicillin, which was in accordance with a global
report of antimicrobial susceptibility testing [10]. More
than half of Staphylococcus isolates in our study were resis-
tant to erythromycin, similar to global macrolide resistance
rate in staphylococci [15]. We found that more than 85%
of MRSA and MRCNS isolates showed 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 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, similar to other studies [11, 17]. We did
not find a significant difference between community- and
hospital-acquired S. aureus isolates in resistance to all an-
timicrobial agents, except to gentamicin (for both MRSA
and MSSA isolates). In addition, among our CNS isolates,
there were significantly more inpatient isolates resistant
to cefoxitin and erythromycin than outpatient isolates.
Both hospital- and community-acquired MRSA showed
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higher resistance rates to all tested antimicrobial agents
than MSSA isolates, and MRCNS showed higher resistance
rates to all antibiotics than MSCNS isolates (except inpa-
tient isolates to clindamycin), similar to a study conducted
by Kim et al. [17]. However, Povazan et al. [14] found ex-
tremely 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 domi-
nant (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 differences of
prevalence of MLS phenotypes between inpatient and out-
patient staphylococci isolates, except for M/MSb pheno-
type, which was significantly more prevalent in inpatient
than in 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 the
Czech Republic [19, 20]. One of MSSA isolates was differ-
ent from other LSa/b phenotypes by channel of sensitivity
between clindamycin and erythromycin disc, and it looked
like a “keyhole” In South Korea, similar novel phenotype
has been described in 46 of S. agalactiae isolates [5].

There were no significant differences between our com-
munity- and hospital-associated S. pneumoniae isolates in
their resistance to antibiotics. Only a 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¢ et al. [21] discovered higher resistance
to penicillin (27%) in hospital-acquired pneumococci iso-
lates in the first decade of this century in the Nisava region,
Serbia. In our region, we discovered a very high resistance
rate to erythromycin in S. pneumoniae (63.6%, 35/55 com-
munity- and 77.8%, 7/9 hospital-acquired isolates), which
was in accordance with findings by Dini¢ et al. [22] (78.4%
and 65.6%, respectively). However, Hadnadev et al. [23] and
Mija¢ et al. [4] found lower rate of resistance to erythromy-
cin in S. pneumoniae (36% and 45%, respectively) in their
studies in Serbia. Some parts of Malta and Romania had
similar prevalence rate of macrolide resistance among S.
pneumoniae in 2012 and 2015 to our findings. Wide inter-
country variations in the emergence of macrolide-resistant
S. pneumoniae were recorded across Europe, with preva-
lence ranging from 0% to 74% in a 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 simi-
lar to other researches from Serbia [22, 24].

In our region, cMLSb phenotype was the most preva-
lent (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
tindings, authors from the Nisava district and central and
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northern parts of Serbia found that the dominant MLS
resistance phenotype was cMLSb among hospital isolates
of S. pneumoniae, but authors from Italy yielded results
similar to our findings [22, 23, 25, 26].

There have been no S. agalactiae isolates resistant to
penicillin and ceftriaxone in Italy either [13]. Our S. aga-
lactiae 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,
the same resistance to erythromycin (19%) was observed
among S. agalactiae isolates as was the case in Spain, but
the resistance to clindamycin was significantly higher
(53%) [6, 13]. 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, very high resistance rates
to gentamicin (about 70%) and ciprofloxacin (about 30%)
among both community- and hospital-associated S. aga-
lactiae isolates were found.

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 stud-
ies [13, 27]. We detected a small percentage of rare LSa/b
resistance phenotype (6.5%, 9/139) among community-
acquired S. agalactiae isolates, similar to another study
[13]. Resistance rate to macrolides and lincosamides in
S. agalactiae has been steadily increasing, although it varies
greatly between regions [13].

We did not find a strain resistant to penicillin among
S. pyogenes isolates, so it remains the first-line antibiotic
in the treatment of S. pyogenes infections [28]. Very high
resistance rates to erythromycin among our S. pyogenes
(43.7%, 104/238 community- and 46.2%, 12/26 hospital-
acquired) isolates were found, while the reported resis-
tance 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 iso-
lates 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 ex-
plained by uncontrolled and excessive consumption of
total macrolides and long-acting macrolides (i.e. azithro-
mycin) and other antibiotics in Southeast Serbia.

Dominance of the M/MSb phenotype among commu-
nity-acquired S. pyogenes isolates observed in our study
corresponds well with the results of many other studies
[25, 28, 29]. In addition, cMLSb was the most common
resistance phenotype among our hospital-associated
S. pyogenes isolates. However, MLS phenotype is increas-
ingly reported in Europe [7].

In general, the resistance rates to macrolides and lin-
cosamides showed wide variations in bacterial species and
geographical region. These variations were mostly devel-
oped because of differences in antimicrobial use, infec-
tion prevention, and infection control practices in different
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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 treat-
ment 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 commu-
nity-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 or-
der to distinguish inducible resistance and truly clindamy-
cin-susceptible isolates. The methicillin-resistant inpatient
and outpatient staphylococci isolates were significantly
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more resistant to penicillin, erythromycin, clindamycin,
gentamicin, and ciprofloxacin than methicillin-sensitive
ones. Our findings also indicate a very high resistance to
macrolides in both inpatient and outpatient S. pneumoni-
ae, S. pyogenes, and S. agalactiae isolates, which reached
77.8%, 46.2%, and 32.4%, respectively, so these antibiot-
ics 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 de-
velopment of resistance is recommended.
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YyecTanoct pesucteHuymje Ha MaKpoanae U AMHKO3amuae Koa ambynaHTHUX U
60MHMUYKMX M30/1aTa CTAPUNOKOKA U CTPENTOKOKA Y jyrouctouHoj Cpbuju
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CAXETAK

YBog/Lum Pactyha pe3ucteHuuja Ha Makponuae v IMHKo3a-
Mye Kof CTaduIoKOKa 1 CTPeNnTOKOKa je nocTana rnobanHu
npo6nem.

Linrb oBe cTyamje je 610 fa UCTPaXM yuyecTanocT Makponua-
nnHKo3ammg-cTpentorpamuH (MJ1C) peHoTnoBa pe3ncreH-
Lyje Kop 13onata ctaduiokoKa v CTPENTOKOKa Y jyroncTouHoj
Cpbuju.

Metoge MJIC deHoTNOBY 6Unu cy yTBpheHn andy3noHom
METOAOM JyrJIor Aucka Ha 2.121 60/IHUYKOM 11 aMbyNaHTHOM
1301aTy CTadUIOKOKa 1 CTPENTOKOKa NPUKYMN/bEHOM TOKOM
jegHoroguwiber neprioga y LieHTpy 3a Mukpobuonorujy.
PesyntaTtu /305atn cTadpmnoKoka pe3nCTeHTHIX Ha METULIUIVH
61NN Cy PE3VICTEHTHM}U Ha NEHNLMAVIH, EPUTPOMULIMH, KNNHAA-
MULMH, FEHTaMULMH 1 unpodnokcaumH (100%, 100%, 29,2%,
65,6% 1 53,1%, pefom) Hero oCeT/bMBM Ha METULIIVH (93,6%,
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64,9%, 12%, 28,9% 1 11,7%, pepom). UHayunbunHu deHotun
pe3nCcTeHTaH Ha KNMHAAMULVH je 6110 JOMMHAHTaH Kog r3osaTa
S. aureus v ctadunoKosna HeraTUBHKX Ha Koarynasy. M3onatu
S. pneumoniae, S. pyogenes u S. agalactiae nokasanu cy Beoma
BUCOKY pe3uncTeHLujy Ha eputpomuLmH (77,8%, 46,2% v 32,4%,
penom). CBu 13onat ctadpunoKkoka 1 CTpenpoKoka 6mnu cy
0CeT/bUBM Ha BAHKOMULIH 1 INHE30MA, @ CBY U30naTu beTa-
XEMOJIUTNYKINX CTPENTOKOKA Ha MEHNLMAVH 1 LepTPUaKCOH.
3aksmpyuyak OeHoTMNCKa TPWjaxa CTadUNOKOKa je HeOMNXoAHa
Aa 6y ce ofBOjMN HAYLMOUAHO PE3NCTEHTHN Of U3onaTa
CTBAPHO OCET/bUBUX HA KNIMHAAMULIMH. Makponnau ce He npe-
nopyuyjy 3a eMnMpWjCKy Tepanujy CTPeNTOKOKHUX NHdeKLMja.
MeHnUMNVH ocTaje nek n3bopa 3a TpeTMaH CTadpUIOKOKHMX
VHeKLja y Haliem OKpyry.

KmbyuHe peun: ctapunokoke; ctpentokoke; MJ1IC peHoTMNOBM
pe3vcTeHuyje; MHAYLMOMIHA pe3ncTeHLMja Ha KNTMHAAMULVH
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