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Abstract

The present study focuses on antimicrobial resistance among the most important respiratory patho-
gens. The study population were children with respiratory tract infections (RTIs), treated in ambulatory and
hospital settings at the Institute for respiratory diseases in children —Skopje, in the period from 01.04.2016
to 30.09.2016. Standard microbiological procedures were used for isolation and identification of bacte-
ria. Disc diffusion test was used for antibiotic susceptibility testing. Oxacillin-resistant pneumococcal iso-
lates were subjected to MIC determination by gradient E-test. Of all respiratory pathogens, Streptococ-
cus pneumoniae was the most frequently isolated with 35% (362/1027). Ampicillin non-susceptibility rate
(MIC>2mg/1) was 28.2%. Macrolide-resistant were 46.7%, with cMLSb as dominant phenotype (80.15%).
The rate of MRSA was 34.9% (73/209) and gentamycin resistance in Staphylococcus aureus in 90.7% was
connected with MRSA. 26.5% were macrolide-resistant with iMLSb as dominant phenotype. Ampicillin
resistance rates among Moraxella catarrhalis and Haemophilus influenzae were 100% and 34.9%, respec-
tively. There was no resistance to f-lactams or to macrolides among Streptococcus ff haemolyticus. Tracing
bacterial resistance profiles plays a critical role in preparing guidelines for appropriate antimicrobial treat-
ment.
Key words antibiotic resistance, Streptococcus pneumoniae, Staphylococcus aureus, Moraxella catarrha-
lis, Haemophilus influenza

Pe3rome

Hacrosmoro uscnenBane ce Gpokycupa BbpXy aHTUMUKpPOOHATa PE3UCTEHTHOCT CPeJl Hal-BaXKHUTE
pecnupaTropHu naroreHu. B mpoyuBaHeTo ca BKIIoYeHH Jenia ¢ uHpekun Ha auxarenHute mpruiia (MJII1),
JIEKyBaHW aMOyJIaTOPHO M B OOJNHUYHH YCIIOBUS B VMIHCTHUTYTa 3a JETCKH PECIUPATOPHU 3a00JIsBAHUS,
Ckomue 3a nepuoga ot 01.04.2016 mo 30.09.2016. 3a uzonupane u uaeHTUGUIIMpaHe Ha OaKTEpUUTE ca
W3MOJI3BaHU CTAHJIAPTHU MHUKPOOHMOIIOTMYHHU TPOIENYypU, a 3a ONpEeNiTHe Ha YYBCTBHUTEITHOCTTAa KbM
AHTHOMOTHIIN € TIPHIIOKEH TECT 3a JuckoBa audys3us. Upes rpagueHt E-TecT € ycTaHOBeHa MUHUMAJTHATA
nuxubupama konuentpanus (MUK) mo oTHomieHne Ha PEe3UCTEHTHUTE HA OKCAIMJIMH MTHEBMOKOKOBH
n3onard. OT BCUYKU PECIUPATOPHU MATOTEHH Hal-4yecTo ce u3onupa Streptococcus pneumoniae - 35%
(362/1027). YyBcTBUTEIHNUTE KbM aMOUIMIMH u3onatu (mpu MUK> 2mr/m) ca 28.2%. Makponugna-
Ta pe3ucTeHTHOCT € 46.7%, kato cMLSb e nomunupany denorun (80,15%). Crenenta Ha METHIMINH-
pesucrentHu cmaguioxoku (MRSA) e 34.9% (73/209), a pe3sUCTEHTHOCTTa KbM T€HTAMUIIMH TPU TAX
e 90.7% u e cBpp3ana ¢ MRSA. VtoliunBu Ha Makponuaau antuomotunu ¢ iIMLSb karo momuHMpar
¢denotun ca 26.5%. CreneHtra Ha PEe3UCTEHTHOCT KbM aMIUIMINH cpen Moraxella catarrhalis n Hae-
mophilus influenzae e crorBeTHO 100% U 34.9%. Cpen Streptococcus B haemolyticus HiMa Pe3UCTECHTHH
KbM [-TTaKTaMHUTE U MaKpOJIHIHUTE aHTHOMOTHIM. OmnpenensHeTo Ha npoduiaa Ha OaKTepuaiHa pe3u-
CTEHTHOCT MI'pae ChIIECTBEHA POJIS B M3TOTBSIHETO HA yKa3aHUS 3a MOAXOMAIIIO JIeUeHHe Mpy OaKTepuaTHu
UHEKIIH.
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Introduction

The increase in antibiotic resistance is of
great concern nowadays. The treatment of respira-
tory tract infections - 1i.e. those that affect the si-
nus cavities (sinusitis), ears (otitis media), bronchi
(bronchitis), and lungs (pneumonia) is significantly
impacted by resistance, as respiratory conditions
account for >70% of the visits in which antibiotics
are prescribed (Hersh et al., 2011). The most com-
mon pathogens implicated in these infections are
Streptococcus pneumoniae, Haemophilus influen-
zae, Moraxella catarrhalis, Staphylococcus aureus
and Streptococcus - haemolyticus. In order to de-
termine the most effective antibiotic for an infection
due to these pathogens, appropriate antimicrobial
susceptibility test results are of great importance.
Antibiotics are effective when they interfere with
the basic metabolic functions of susceptible patho-
gens. Macrolides and beta-lactams are favorably
used antibiotics in the pediatric population, and this
study was aimed to analyze the antimicrobial re-
sistance among respiratory pathogens, especially to
emphasize the resistance patterns to macrolides and
ampicillin.

Macrolides inhibit bacterial protein synthe-
sis by binding to the large 50S ribosomal subunit
and disrupting protein elongation by causing the
dissociation of the peptidyl-tRNA (Poehlsgaard
and Stephen, 2005). Though distinct in chemical
structure, the lincosamide and streptogramin class
of antibiotics have overlapping binding sites with
macrolides and have similar mechanisms of action.
Modification of the target site because of erythro-
mycin ribosomal methylase (erm) family genes,
whose gene product dimethylates the target site
of the 23S rRNA, is the main mechanism of mac-
rolide resistance in Europe (Reinert et al., 2005).
Ribosomal methylation confers resistance to mac-
rolides, lincosamides, and streptogramin B, which
is characterized as the MLS phenotype. This type
of resistance could be constitutive and inducible -
when the methylation occurs only in the presence
of inducible macrolides (14- and 15-membered
ring macrolides) (Montanari et al., 2001; Kaieda
et al., 2004). This phenotype of resistance provides
high-level resistance to macrolides (erythromycin
MICs usually >256 pg/ml). Another mechanism of
resistance is active efflux of the drug. Macrolide ef-
flux in S. pneumoniae has been the most common
cause of macrolide resistance in North America
(Schroeder and Stephens, 2016). S. pneumoni-
ae with mef (E)/mel (genes whose products act as
transmembrane efflux pump) have been shown to
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have an M phenotype, which is resistant to 14- and
15-membered macrolides but susceptible to lincos-
amides and streptogramin B. This type of resistance
displays low-level resistance (MICs 1-8 pg/ml) to
erythromycin (Schroeder and Stephens, 2016).

Resistance to f-lactam antibiotics is mediated
by the production of either f-lactamase, which hy-
drolyzes and inactivates the drug, or of an altered
target or targets, that is, penicillin-binding proteins
(PBPs).  Staphylococcal f-lactamases are nar-
row-spectrum penicillinases with relatively poor
activity against semi-synthetic antistaphylococcal
penicillins. Resistance to ampicillin in H. influenzae
and M. catarrhalis is mainly because of the produc-
tion of B-lactamases. These enzymes are inhibited
by the inhibitor of B-lactamases, such as clavulanic
acid. The target of f-lactam antibiotics are the en-
zymes transpeptidases also called penicillin-bind-
ing proteins (PBPs). In widely divergent gram-pos-
itive and gram-negative species, changes in one or
more of the peptodoglican transpeptidase penicil-
lin-binding proteins (PBP) have been correlated
with decreased susceptibility to multiple B-lactam
antibiotics. The penicillin-binding protein targets in
penicillin-resistant strains of S. pneumoniae are a
modified, low-binding-affinity version of the native
PBPs. The level of resistance is determined by how
many and to what extent the targets are modified. In
contrast, methicillin resistance in staphylococci is
due to the expression of PBP 2a, a low-affinity PBP,
for which there is no homologue in methicillin-sus-
ceptible strains (Munita and Arias, 2016).

Material and Methods

The study population were children with
respiratory tract infections (RTIs), treated in am-
bulatory and hospital settings at the Institute for
respiratory diseases in children —Skopje, in the pe-
riod from 01.04.2016 to 30.09.2016. Standard mi-
crobiological procedures were used for processing
the microbiological samples, such as sputa or phar-
yngeal aspirations, ear swabs, nasal swabs, bron-
chial aspiration, throat swabs, and haemocultures.
Identification of bacteria was done using standard
microbiological procedures, and antimicrobial sus-
ceptibility testing was done using disk diffusion
method. All susceptibility tests were performed
according to the methodology proposed by the Eu-
ropean Committee on Antimicrobial Susceptibili-
ty Testing (Matuschek et al., 2014). Interpretation
of the zones of inhibition around antibiotic disks,
and ampicillin MIK values were according to EU-



CAST- breakpoint tables for interpretation of MICs
and zone diameters (EUCAST, 2016). Isolates of
S. pneumoniae, M. catarrhalis, H. influenzae, S.
aureus and S. f - haemolyticus were taken into ac-
count in this research.

Detection of resistance mechanisms

In order to detect inducibile clindamicin re-
sistance, disks containing erythromycin (15ug) and
clindamycin (2pg) were placed 30mm apart (from
center to center). Detected antagonism of clindam-
icyn activity by a macrolide agent (D shape of in-
hibition) meant positive inducible clindamicyn re-
sistance. H. influenzae and M. catarrhalis isolates
were not tested to clindamycin susceptibility, as
this is not recommended by EUCAST.

All isolates of H. influenzae with a zone of
inhibition around 1u penicillin- containing disk less
than 11mm were reported as ampicillin- resistant
and were tested for B-lactamases production. For
this purpose, nitrocefin test was used. Nitrocefin is
a chromogenic cephalosporin and, as theamid bond
in B-lactam ring is hydrolyzed by a B-lactamses, ni-
trocefin changes its color from yellow to red.

Oxacillin-susceptible S. pneumoniae (zone
of inhibition around 1pg oxacillin disk > 20mm)
indicates strains with MIC for benzilpenicillin <
0.06mg/L. Only these strains were reported as sus-
ceptible to phenoxymethylpenicillin (oral penicil-
lin). When the oxacillin zone diameter was <20mm
but >8mm, these strains were reported as suscepti-
ble to ampicillin; for the strains with oxacillin zone
diameter <8mm, MIK values for ampicillin were
determined by gradient E-test and all strains with
MIC <2mg/L. were reported as susceptible. Me-
thicillin resistance in S. aureus was determined by
cefoxitin(30pg) disk-diffusion, as this method re-
liably predicts methicillin resistance, mostly due to
mec A or mec C genes (EUCAST, 2016).

Results

During the six-month study period (from
01.04.2016 to 30.09.2016) the total number of iso-
lated respiratory pathogens was 1027. The most
frequently isolated was S. pneumoniae with 35%
(362/1027), followed by M. catarrhalis, S. aureus,
H. influenzae and S.  haemolyticus with frequency
of isolation as 21% (219/1027), 20% (209/1027),
13% (129/1027) and 11%(108/1027), respectively.
During the study period, only two different strains
were obtained from haemocultures — in one case it
was S. pneumoniae, and in another H. influenzae.

The frequency of isolation of S. prneumoni-
ae by clinical samples, such as: nasal swabs, sputa,
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ear swabs, bronchial aspiration and haemocultures,
were 70.4%, 28.2%, 0.8%, 0.3% and 0.3%, re-
spectively. Following EUCAST recommendations,
oxacillin (1pg) screening demonstrated: oxacillin
susceptibility in 103 pneumococcal isolates, which
were reported as phenoxymethylpenicillin- and
ampicillin-susceptible; 45 isolates were with oxa-
cillin zone diameter between 8mm and 20 mm and
reported as ampicillin-susceptible; 214 were with
oxacillin zone diameter <8mm and 112 of them,
according to ampicillin MIC values, were reported
as ampicillin- susceptible. Therefore, of all tested
pneumococcal isolates, the ampicillin- susceptible
was 71.8% (260/362).

For cefixim, cefalexin, cefadroxil and amino-
glicosydes there were no breakpoints and suscep-
tibility testing was not performed. All 362 isolates
of S. pneumoniae were tested for susceptibility to
erythromycin and the macrolide resistance rate
was 46.68% (169/362). The phenotypes of mac-
rolide-resistance in S. pneumoniae are shown in
Fig. 1.

Of the 209 S. aureus isolates tested, 176
were obtained from nasal swabs, of which 31.2%
(55/176) were found as methicillin-resistant. The
remaining strains were obtained from sputa and to-
tal methicillin resistance rate was 34.9%.

Gentamycin resistance rate was 26.9%
(43/160), and in 90.7% gentamycin-resistant
strains were methicillin-resistant at the same time.
Macrolide-resistant were 26.7% (48/180), and the
phenotypes of macrolide resistance in S. aureus are
given in Fig. 1. H. influenzae was isolated from na-
sal swabs, sputa, epipharynx and haemoculture in
49.6%, 45%, 4.6% and 0.8%, respectively. Of all H.
influenzae isolates tested, ampicillin-resistant were
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Fig. 1. Proportion of phenotypes of macrolide
resistance among S. pneumoniae and S. aureus



34.9% (45/129). Resistance other than the produc-
tion of B-lactamases was not detected. All ampicil-
lin-resistant strains were susceptible to the ampi-
ciliin/clavulanc acid combination. Macrolides were
reported in 100% as intermediate resistant.

The great proportion of M. catarrhalis was
isolated from nasal swabs 91.3% (200/219) and in
8.7% (19/219) from sputa. All isolated strains were
reported as ampicillin-resistant and susceptible to
ampicillin/clavulanic acid combination.

Among the S. f-haemolyticus isolates, there
was no resistance to penicillin, cephalosporin anti-
biotics and macrolides. Sulfamethoxazole/trimeth-
oprim resistance rate was 91.8% (45/49).

A short version of a cumulative antibiogram
is given in Table 1.

Discussion

Respiratory tract infections are the reason
for excessive and often inappropriate prescribing
of antibiotics, which has undoubtedly contributed
to increased resistance (Hersh et al., 2011). Data
have shown a direct correlation between the use of
antibiotics and resistance (Granizio et al., 2000).
Countries with a higher consumption of antibiot-
ics show higher rates of resistance (Coossens et al.,
2005). S. pneumoniae is the most common commu-
nity-acquired pathogen causing infections in young
children (CDC, 2001). This state correlates with
our findings, as S. pneumoniae has been the most
frequently isolated respiratory pathogen.

The present study demonstrated high-level
macrolide resistance among pneumococcal isolates,
where approximately 47% of all tested isolates were
macrolide-resistant. In the literature, the proportion

of resistant isolates ranges from less than 10% to
higher than 80% in different countries (Farrell et
al., 2008). The dominant phenotype of resistance
was ¢cMLS with high MIK values for erythromycin,
which implies clinically significant type of resis-
tance (Nuermberger and Bishai, 2004). This find-
ing correlates with the situation in Europe, where
erm (B) that implies MLSb phenotype, dominates
(Montanari et al., 2003). Bergman and co-workers
found a statistically significant association between
macrolide resistance in S. pneumoniae and total
macrolide consumption, and between macrolide re-
sistance and azithromycin consumption (Bergman
et al., 2006). If this statement is taken into consid-
eration together with the resistance rates from the
present study, it can be concluded that unnecessary
use of macrolides, especially azithromycin, should
be avoided.

Data from the literature suggest that respira-
tory tract infections caused by isolates of S. pneu-
moniae that were considered to be ampicillin inter-
mediately resistant (MIC< 2ug/L) should respond
well to treatment with a B-lactam agent used in
appropriate doses (File at al., 2014). The major-
ity of pneumococcal isolates in the present study
were with such ampicillin susceptibility pattern.
Ampicillin resistance among H. influenzae isolates
was 35%, which is relatively high compared with
data from other countries (Hoban and Felmingham,
2002). A mechanism of resistance other than pro-
duction of P-lactamases was not detected in this
study.

Nearly 85% of all isolated S. aures strains
were obtained from nasal swabs and more than
30% of them were reported as MRSA. That im-

Table 1. Cumulative antibiogram (period 01.04.2016 — 30.09.2016)

Institute for respiratory diseases in children, Skopje
Cumulative antibiogram (period 01.04.2016 —30.09.2016)
) Ne of Susceptible [%]
Organism | girain [AMP |AMC |CFM |CPD |E |CD _|GM |MOX | <0

S. pneumoniae’ |362 |71 71 - 100 53 67 - 100 |-

M. catarrhalis 219 |0 100 100 - 95 - - 98 98

H. influenzae 129 |65 100 100 100 0 - - 100 | 100
S. aureus 209 |2 65 - 65 74 90 - - 92

'S. pneumoniae (non meningitis); AMP — ampicillin, AMC — amoxicillin—clavulanic acid, CFM — cefixim, CPD —

cefpodoxim, E — erythromycin, CD — clindamycin, GM — gentamycin, MOX — moxifloxacin , CIP — ciprofloxacin
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plies high nasal MRSA colonization rates in the
child population. The fact that colonization pre-
cedes infection is supported by studies that have
demonstrated that nasal S. aureus isolates are often
identical to strains later causing clinical infections
(Wertheim et al., 2004). In some regions, commu-
nity acquired- MRSA isolates account for 75% of
community associated S. aureus infection in chil-
dren (Kaplan et al., 2005).

Data from the study imply a high prevalence
of antibiotic resistance among respiratory patho-
gens and rational use of antibiotics seems to be of
great importance in fighting antimicrobial resis-
tance. The recommendations for providing cumu-
lative antibiograms as periodic reports should be
implemented as a reasonable option for monitoring
emerging trends in resistance at the local level (Hin-
dler and Stelling, 2007). Cumulative antibiograms
should help the physician select the most appropri-
ate antibiotic for empirical treatment of respiratory
infections.
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