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Objectives: Data are presented from the Survey of Antibiotic Resistance (SOAR) for respiratory tract infection
pathogens collected in 2011–13 from Turkey.

Methods: MICs were determined using Etestw. Susceptibility was assessed using CLSI, EUCASTand pharmacokinetic/
pharmacodynamic (PK/PD) interpretive criteria.

Results: Rates of antibiotic susceptibility were very low among 333 isolates of Streptococcus pneumoniae tested:
penicillin 38% using CLSI (oral) and EUCAST breakpoints; erythromycin 51% using CLSI and EUCAST criteria; and
cefuroxime 64.6% using CLSI and PK/PD and 46.9% using EUCAST. Of the isolates, .90% were susceptible to
amoxicillin/clavulanic acid, ceftriaxone (except using EUCAST criteria: 76%), levofloxacin and high-dose intraven-
ous penicillin. Among 339 Haemophilus influenzae isolates, 6.8% were b-lactamase positive while 9.1% were
b-lactamase negative but ampicillin resistant (BLNAR) by CLSI (14.7% by EUCAST) criteria. Amoxicillin/clavulanic
acid susceptibility was �90% by CLSI (with or without BLNAR adjustment, EUCAST and high-dose PK/PD) but
lower, at 82.9%, by EUCAST with BLNAR adjustment. Levofloxacin susceptibility was 96% using all three break-
points. Dramatic differences in rates of susceptibility, depending on the breakpoints used, were seen for cefaclor
[94% by CLSI (86.4% BLNAR adjusted), 23% by PK/PD] and cefuroxime [97% by CLSI (89.1% BLNAR adjusted),
85% by PK/PD, 15% by EUCAST (13.0% BLNAR adjusted)]. Streptococcus pyogenes (n¼222) and Moraxella
catarrhalis (n¼40) isolates remained highly susceptible to amoxicillin/clavulanic acid, cephalosporins and
levofloxacin, with only erythromycin susceptibility dropping below 95% for S. pyogenes.

Conclusions: Overall, amoxicillin/clavulanic acid and levofloxacin were the most active antibiotics based on all three
breakpoints against these pathogens. Although susceptibility was not universally low in Turkey, high resistance rates
were found in S. pneumoniae and, when using PK/PD and EUCAST breakpoints, in other respiratory pathogens.

Introduction
Community-acquired pneumonia (CAP) remains a significant
health problem, posing a high clinical and economic burden. Of
deaths in children under 5 years old, 15% globally are caused by
acute respiratory infections.1 The incidence of CAP has been rising
in Europe and is expected to increase further due to the ageing
of the population.2 Although some have seen no correlation
between mortality due to CAP and antimicrobial resistance,3

others found that penicillin resistance was related to increased
mortality in hospitalized patients with pneumococcal pneumo-
nia4 and that macrolide resistance in respiratory pathogens was
related to treatment failures in children.5 Antimicrobial use has

been identified as the main driver of development of resist-
ance.6 – 8 In a recent study, Turkey has been identified as the coun-
try with the highest antibiotic use out of 42 countries in the
broader European region.9 Monitoring of resistance in Turkey is
crucial in order to identify the impact of this high use on antimicro-
bial resistance, to support infection control efforts, and to aid in
the selection of appropriate antimicrobial agents for the treat-
ment of patients. Knowledge of resistance patterns is especially
important for CAP, since it is usually treated empirically without
identification of the causative agent or its antibiogram.

The Survey of Antibiotic Resistance (SOAR) is an ongoing sur-
veillance study of key respiratory pathogens. SOAR has been mon-
itoring antimicrobial resistance in the Middle East, Africa, Latin
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America, Asia-Pacific and the Commonwealth of Independent
States countries since 2002. For this report, recent SOAR data
from hospital sites in Turkey are analysed to provide a picture of
the current antimicrobial susceptibility situation. These results
could prove very useful as baseline and benchmark measures in
the efforts by the Turkish government to reduce use of antimicro-
bials and consequently decrease resistance.

Materials and methods

Collaborating centres
Isolates were collected from outpatients who attended five main centres,
which collected the majority of the isolates (Ege University, Izmir;
Hacettepe University, Ankara; Istanbul University, Istanbul; Marmara
University, Istanbul; and Ondokuz Mayıs University, Samsun) and four
satellite centres, which sent some isolates to the main centres (Erciyes
University, Kayseri; Istanbul GATA, Istanbul; Selçuk University, Konya; and
Akdeniz University, Antalya).

Clinical isolates
A total of 934 clinical respiratory isolates (192 from Izmir; 231 from
Ankara; 426 from Istanbul; 85 from Samsun), comprising 333 isolates of
S. pneumoniae, 222 isolates of S. pyogenes, 339 isolates of H. influenzae
and 40 isolates of M. catarrhalis were analysed. Of the 934 isolates,
the majority (909, 97.3%) were collected from 2011 to 2013. Sixteen
S. pneumoniae isolates were collected in 2010. One S. pneumoniae isolate,
seven H. influenzae isolates and one M. catarrhalis isolate were collected in
2014. Paediatric patients (≤12 years old) accounted for 332 (35.6%) iso-
lates, adult patients (13–64 years old) for 440 (47.1%) isolates and the
elderly (≥65 years) for 162 (17.3%) isolates. Isolates originated from a
variety of infection sources, including blood, bronchial aspirate, bron-
choalveolar lavage, middle ear effusion, pleural aspirate, sputum, throat
swab (S. pyogenes only) and tracheal aspirate. Organisms were identified
using conventional methods (optochin susceptibility/bile solubility for
S. pneumoniae, X/V factor requirement for H. influenzae, bacitracin sus-
ceptibility for S. pyogenes and tributyrin test for M. catarrhalis) or by auto-
mated systems. Duplicate isolates from the same patient were not
included.

Susceptibility testing
MICs were determined in selected local laboratories using an antibiotic
gradient test (Etestw) susceptibility method according to the manufac-
turer’s instructions (bioMérieux, Marcy l’Etoile, France). Disc diffusion sus-
ceptibility testing was carried out according to CLSI methodology.10

Susceptibility of S. pneumoniae and S. pyogenes to penicillin, amoxicillin/
clavulanic acid, cefaclor, cefpodoxime, ceftriaxone, cefuroxime, clindamy-
cin and levofloxacin was evaluated by Etestw. Susceptibility of H. influenzae
to amoxicillin/clavulanic acid, ampicillin, azithromycin, cefaclor, cefpodox-
ime, ceftriaxone, cefuroxime and levofloxacin was evaluated by Etestw.
Susceptibility of M. catarrhalis to amoxicillin/clavulanic acid, azithromy-
cin, cefaclor, cefuroxime and levofloxacin was evaluated by Etestw.
Erythromycin was evaluated by disc diffusion. CLSI breakpoints were
applied11 except for macrolides and clindamycin, where bioMérieux
Etestw breakpoints for incubation in CO2 were used, and breakpoints
issued in 2012 were used for M. catarrhalis.12 In addition, susceptibility
based on EUCAST and pharmacokinetic/pharmacodynamic (PK/PD)
breakpoints were analysed where applicable to assess whether adoption
of these breakpoints would affect susceptibility.13,14 EUCAST and PK/PD
breakpoints were not evaluated for macrolides or clindamycin because,
unlike CLSI, these are not adjusted for incubation in CO2 by bioMérieux.
Breakpoints are shown in Table 1.

The presence of b-lactamase was tested for all isolates of H. influenzae
and M. catarrhalis by a chromogenic cephalosporin (nitrocefin) disc
method.

Quality control and data analysis
Quality control strains Staphylococcus aureus ATCC 29213, S. pneumoniae
ATCC 49619, H. influenzae ATCC 49247, H. influenzae ATCC 49766,
Escherichia coli ATCC 25922 and E. coli ATCC 32518 were included on
each day of testing. Results of susceptibility testing were accepted if the
results of the control strains were within published limits. Differences in
susceptibility between age groups were assessed for statistical signifi-
cance with Fisher’s exact test using XLSTAT version 2011.1.05. A P value
,0.05 was considered statistically significant.

Results

S. pneumoniae

Of the 333 S. pneumoniae isolates collected in Turkey, 203 isolates
were from sputum (61.0%), 88 from tracheal aspirate, bronchoal-
veolar lavage, or bronchial aspirate (26.4%), 38 from blood
(11.4%), 3 from pleural aspirate (0.9%) and 1 from middle ear
effusion (0.3%). Paediatric patients contributed 98 (29.4%) of
the isolates, adults 172 (51.7%) and the elderly 63 (18.9%) of
the isolates.

Summary MIC and susceptibility data for S. pneumoniae are
shown in Table 2. MIC distribution data are given in Table 3 and
Figure 1. By CLSI penicillin intravenous (iv) (non-meningitis) break-
points, 97.3% (324/333) of S. pneumoniae were penicillin suscep-
tible, 2.1% (7/333) were penicillin intermediate and 0.6% (2/333)
were penicillin resistant. However, the proportion of penicillin-
susceptible isolates was only 38.1% (127/333) based on CLSI
penicillin oral and EUCAST oral breakpoints. By EUCAST dose-
dependent breakpoints penicillin susceptibility ranged from
59.7% (low dose) to 97.3% (high dose). The proportion of
penicillin-intermediate isolates was 48.3% (161/333) by CLSI
penicillin oral breakpoints and 59.2% (197/333) by EUCAST break-
points, while penicillin-resistant isolates accounted for 13.5% (45/
333) and 2.7% (9/333) by these respective breakpoints (Table 2).

The most active agent by all three breakpoints was levofloxa-
cin, with 98.2% of isolates susceptible (327/333), while 91.3%
were susceptible to amoxicillin/clavulanic acid (and by inference
amoxicillin) by CLSI and the low-dose PK/PD breakpoints, although
this increased to 99.1% using the high-dose PK/PD breakpoint.
Ceftriaxone was the most active cephalosporin, with 97.3% of
isolates susceptible by CLSI and PK/PD breakpoints and 76.0%
by EUCAST. The other tested cephalosporins showed lower sus-
ceptibility by at least 30 percentage points, especially cefaclor,
at 54.4% susceptible by CLSI breakpoints, 39.0% susceptible
by PK/PD and 0.3% susceptible by EUCAST breakpoints. CLSI
guidelines indicate that isolates susceptible to penicillin G (MIC
≤0.06 mg/L) can be reported as susceptible to amoxicillin, amoxi-
cillin/clavulanate, ceftriaxone, cefpodoxime, ceftriaxone and
cefuroxime. Data from this study confirmed this, as all penicillin-
susceptible S. pneumoniae were also susceptible to the b-lactams
listed above, except for three isolates that were penicillin suscep-
tible but cefaclor intermediate (data not shown). However, the
reverse was not found. Of the 206 penicillin non-susceptible iso-
lates, 197 were ceftriaxone susceptible (95.6%), 177 were amoxi-
cillin/clavulanic acid susceptible (85.9%), 88 were cefuroxime
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Table 1. MIC breakpoints (mg/L) used for S. pneumoniae, S. pyogenes, H. influenzae and M. catarrhalis isolates

Breakpoints (S/I/R)

S. pneumoniae S. pyogenes H. influenzae M. catarrhalis All species

Antimicrobial CLSI EUCAST CLSI EUCAST CLSI EUCAST CLSI EUCAST PK/PD (S only)

AMCa ≤2/4/≥8 NA NA NA ≤4/–/≥8 ≤2/–/≥4 ≤4/–/≥8 ≤1/–/≥2 ≤2 (≤4)
Ampicillin NT NT NT NT ≤1/2/≥4 ≤1/–/≥2 NT NT NA
Azithromycinb NT NT NT NT ≤8/–/–b NA NA NA NA
Cefaclor ≤1/2/≥4 ≤0.03/0.06–0.5/≥1 NA NA ≤8/16/≥32 NA ≤8/16/≥32 NA ≤0.5
Cefpodoxime ≤0.5/1/≥2 ≤0.25/0.5/≥1 NA NA ≤2/–/– ≤0.25/0.5/≥0.1 NA NA ≤0.5
Ceftriaxone ≤1/2/≥4 ≤0.5/1–2/≥4 ≤0.5/–/– NA ≤2/–/– ≤0.12/–/≥0.25 NT NT ≤1
Cefuroximec ≤1/2/≥4 ≤0.25/0.5/≥1 NA NA ≤4/8/≥16 ≤0.12/0.25–1/≥2 ≤4/8/≥16 ≤0.12/0.25–4/≥8 ≤1
Clindamycinb ≤0.5/1/≥2 NA ≤0.5/1/≥2 NA NA NA NT NT NA
Levofloxacin ≤2/4/≥8 ≤2/–/≥4 ≤2/4/≥8 ≤1/2/≥4 ≤2/–/– ≤1/–/≥2 ≤2/–/– ≤1/–/≥2 ≤2
Penicillin (oral) ≤0.06/0.12–1/≥2 ≤0.06/0.12–2/≥4 ≤0.12/–/– ≤0.25/–/≥0.5 NA NA NA NA NA
Penicillin (iv)d ≤2/4/≥8 see notee NA NA NA NA NA NA NA

AMC, amoxicillin/clavulanic acid; PK/PD, pharmacokinetic/pharmacodynamic; S, susceptible; I, intermediate; R, resistant; NA, not applicable; NT, not tested.
aThis agent was tested at a 2:1 amoxicillin to clavulanic acid ratio; breakpoints are expressed as the amoxicillin component. PK/PD breakpoint based on high dose (4 g of amoxicillin with
250 mg of clavulanic acid per day for adults) is shown in parentheses.
bbioMérieux Etestw breakpoints for incubation in CO2 (only available for H. influenzae).
cBreakpoints used are for cefuroxime axetil.
dParenteral non-meningitis breakpoints. EUCAST do not give iv breakpoints.
eEUCAST give iv susceptible breakpoints for pneumonia based on three dosage regimens: 1.2 g×4 (MIC ≤0.5¼susceptible), 1.2 g×6 or 2.4 g×4 (MIC ≤1 mg/L¼susceptible) and 2.4 g×6
(MIC ≤2 mg/L¼susceptible).
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Table 2. MIC and susceptibility results for S. pneumoniae isolates

Susceptibility (%)

MIC (mg/L) CLSI PK/PD EUCAST

Antimicrobial n 50% 90% min max %S %I %R %S %S %I %R

AMCa 333 0.25 2 ≤0.015 8 91.3 7.8 0.9 91.3 (99.1) NA NA NA
Cefaclor 333 1 32 0.03 .256 54.4 5.1 40.5 39.0 0.3 38.7 61
Cefpodoxime 333 0.5 4 ≤0.015 32 58.3 6.9 34.8 58.3 45.7 12.6 41.7
Ceftriaxone 333 0.25 1 0.004 8 97.3 1.8 0.9 97.3 76.0 23.1 0.9
Cefuroxime 333 0.5 4 ≤0.015 16 64.6 25.2 10.2 64.6 46.9 3.3 49.9
Clindamycin 333 0.12 .256 ≤0.015 .256 64.9 0.3 34.8 NA NA NA NA
Levofloxacin 333 1 2 0.25 .32 98.2 0.6 1.2 98.2 98.2 — 1.8
Penicillin (oral) 333 0.25 2 0.008 8 38.1 48.3 13.5 NA 38.1 59.2 2.7
Penicillin (iv) 333 0.25 2 0.008 8 97.3 2.1 0.6 NA 59.7–97.3 NA NA
Erythromycinb 321c NT NT NT NT 51.1 3.1 45.8 NA 50.8 1.9 47.3

AMC, amoxicillin/clavulanic acid; 50%, concentration required to inhibit 50% of isolates; 90%, concentration required to inhibit 90% of isolates; min, minimum MIC observed; max,
maximum MIC observed; S, susceptible; I, intermediate; R, resistant; NA, not applicable; NA, no breakpoint data available (NA for clindamycin by EUCAST because Etestw breakpoints
in CO2 not available); NT, not tested for MIC.
aPK/PD susceptibility at high dose is shown in parentheses.
bUsing S/I/R zone diameters (mm) of CLSI (≤15/16–20/≥21) and EUCAST (≤18/19–21/≥22).
cErythromycin was not tested against 12 of the isolates.

Table 3. Distribution of S. pneumoniae MICs

Number of isolates at MIC (mg/L)

Drug n 0.004 0.008 ≤0.015 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 .32 64 128 256 .256

AMC 333 0 0 80 0 44 22 12 12 27 57 50 26 3 0 0 0 0 0 0 0
Cefaclor 333 0 0 0 0 1 3 36 68 22 51 17 14 14 44 40 0 14 4 0 5
Cefpodoxime 333 0 0 35 0 71 9 22 15 42 23 79 34 1 1 1 0 0 0 0 0
Ceftriaxone 333 6 39 0 58 21 12 20 20 77 71 6 2 1 0 0 0 0 0 0 0
Cefuroxime 333 0 0 96 0 7 11 21 21 11 48 84 31 1 2 0 0 0 0 0 0
Clindamycin 333 0 0 2 0 22 90 61 37 4 1 1 0 0 0 1 0 2 0 5 107
Levofloxacin 333 0 0 0 0 0 0 0 5 97 170 55 2 0 1 0 3 0 0 0 0
Penicillin 333 0 2 0 31 83 11 16 24 32 89 36 7 2 0 0 0 0 0 0 0

AMC, amoxicillin/clavulanic acid.
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susceptible (42.7%), 67 were cefpodoxime susceptible (32.5%)
and 57 were cefaclor susceptible (27.7%). A similar ‘expert rule’
is provided by EUCAST but for penicillins only, i.e. amoxicillin/clavu-
lanic acid (amoxicillin) in this study. However, unlike CLSI, individ-
ual breakpoints are not provided by EUCAST for amoxicillin/
clavulanic acid to make this comparison.

Only around half the isolates were susceptible to erythromycin
(51.1% by CLSI and 50.8% by EUCAST criteria, Table 2).

Prevalence of antibiotic susceptibility among
penicillin-susceptible, -intermediate and -resistant
S. pneumoniae isolates based on CLSI penicillin oral
breakpoints

Amoxicillin/clavulanic acid and all tested cephalosporins except
cefaclor were also fully active against 127 penicillin-susceptible
S. pneumoniae (PSSP) isolates (Figure 2); susceptibility to
cefaclor and clindamycin was seen in 97.6% of isolates, while
erythromycin showed 92.6% susceptibility. Among 161 penicillin-
intermediate S. pneumoniae (PISP) isolates ≥90% susceptibility
was only seen with amoxicillin/clavulanic acid (95%), ceftriaxone
(99.4%) and levofloxacin (96.9%). All other antimicrobials showed
susceptibility rates of ,50%. Amoxicillin/clavulanic acid, ceftriaxone
and levofloxacin were active against 53.3%, 82.2% and 97.8% of
penicillin-resistant S. pneumoniae (PRSP) isolates (n¼45), respect-
ively. All other antimicrobials showed susceptibility ,30% for PRSP.

Prevalence of antibiotic susceptibility among PSSP,
PISP and PRSP isolates based on EUCAST penicillin
breakpoints

The 127 PSSP isolates were also fully susceptible to ceftriaxone
and levofloxacin, 96.1% susceptible to cefpodoxime, 97.6% sus-
ceptible to cefuroxime and clindamycin and 92.6% susceptible
to erythromycin by EUCAST breakpoints (Figure 3). Cefaclor sus-
ceptibility was only 0.8%. For 197 PISP isolates, levofloxacin was
the only antimicrobial with a susceptibility rate .90%; 63.5%
were susceptible to ceftriaxone while all other agents tested
were active against ,45% of isolates. Only nine isolates were
PRSP by the EUCAST breakpoint. Susceptibility of these isolates
was very low to all agents except levofloxacin (88.9% susceptible),
but, as expected, confidence intervals were very wide (Figure 3).

180(a)

(b)

160
140
120
100

80
60

N
um

be
r o

f i
so

la
te

s

40
20

0

MIC (mg/L)
≤0.03

0.06
0.12

0.25 0.5 1 2 4 8 16 32 64
128

≥256

Amoxicillin/clavulanic acid Clindamycin
Levofloxacin Penicillin

180
160
140
120
100

80
60

N
um

be
r o

f i
so

la
te

s

40
20

0

MIC (mg/L)
≤0.03

0.06
0.12

0.25 0.5 1 2 4 8 16 32 64
128

≥256

Cefaclor Cefpodoxime Ceftriaxone Cefuroxime

Figure 1. MIC distribution for (a) amoxicillin/clavulanic acid, clindamycin,
levofloxacin and penicillin and (b) cefaclor, cefpodoxime, ceftriaxone and
cefuroxime against all S. pneumoniae.

0

Pe
nici

llin AMC

Cefaclo
r

Cefpodoxim
e

Cefuroxim
e

Clin
damyc

in

Le
vo

floxa
cin

Eryt
hromyc

in
a

Ceftr
iaxo

ne

10%
 S

us
ce

pt
ib

le
 (9

5%
 C

I)

20
30
40
50
60
70
80
90

100

PSSP (n = 127) PISP (n = 161) PRSP (n = 45)

Figure 2. Percentage susceptible rates (with 95% CI) for antimicrobials
according to CLSI breakpoints against PSSP, PISP and PRSP isolates.
Penicillin susceptibility category is based on oral penicillin CLSI
breakpoints. aSample sizes for erythromycin: PSSP, n¼122; PISP, n¼156;
PRSP, n¼43. AMC, amoxicillin/clavulanic acid.

0

Pe
nici

llin

Cefaclo
r

Cefpodoxim
e

Cefuroxim
e

Clin
damyc

in

Le
vo

floxa
cin

Eryt
hromyc

in
a

Ceftr
iaxo

ne

10%
 S

us
ce

pt
ib

le
 (9

5%
 C

I)

20
30
40
50
60
70
80
90

100

PSSP (n = 127) PISP (n = 197) PRSP (n = 9)

Figure 3. Percentage susceptible rates (with 95% CI) for antimicrobials
according to EUCAST breakpoints against PSSP, PISP and PRSP isolates.
Penicillin susceptibility category based on EUCAST breakpoints. aSample
sizes for erythromycin: PSSP, n¼122; PISP, n¼190; PRSP, n¼9.

SOAR: Turkey 2011–13

i75

JAC



S. pyogenes

All 222 S. pyogenes isolates were from throat swabs. The majority
of isolates were from paediatric patients (n¼154, 69.3%), while
adult patients contributed 59 isolates (26.6%) and elderly
patients the remaining 9 isolates (4.1%).

Summary MIC and susceptibility data for S. pyogenes are
shown in Table 4. MIC distribution data are given in Table 5.
S. pyogenes was 100% susceptible by CLSI and EUCAST break-
points to penicillin, with inferred susceptibility to amoxicillin/cla-
vulanic acid (amoxicillin) and the cephalosporins. Clindamycin
susceptibility was 98.7% by bioMérieux Etestw breakpoints, levo-
floxacin susceptibility was 98.2% by CLSI and PK/PD breakpoints
and 92.3% by EUCAST, while erythromycin susceptibility was
94.1% by CLSI and EUCAST criteria (Table 4).

H. influenzae

Most H. influenzae isolates were from sputum (243/339, 71.7%),
43 isolates were from tracheal aspirate (12.7%), 43 from bronch-
oalveolar lavage (12.7%), 7 from bronchial aspirate (2.1%) and 3
from blood (0.9%). Paediatric patients contributed 76 isolates
(22.4%), while adult patients accounted for 192 isolates (56.6%)
and elderly patients for 71 isolates (20.9%).

Overall, 6.8% (23/339) of isolates were b-lactamase positive and
93.2% were b-lactamase negative. Of these 316 b-lactamase-
negative isolates, 31 (9.1% of all H. influenzae) were b-lactamase
negative, ampicillin resistant (BLNAR, ampicillin MIC ≥4 mg/L)
according to the CLSI definition and 50 (14.7%) were BLNAR accord-
ing to the EUCAST definition (ampicillin MIC ≥2 mg/L). For analysis,
the BLNAR strains were included with the other b-lactamase-
negative isolates.

Summary MIC and susceptibility data for H. influenzae are
shown in Table 6. MIC distribution data are given in Table 7 and
Figure 4. Amoxicillin/clavulanic acid susceptibility in vitro was
91.7% for H. influenzae by CLSI and high-dose PK/PD breakpoints,

and was slightly reduced to 87.9% using low-dose PK/PD and
EUCAST criteria. When adjusted for the presence of BLNAR strains,
clinical susceptibility by CLSI remained at 90% but susceptibility by
EUCAST criteria was reduced to 82.9% due to the stricter BLNAR def-
inition. Susceptibility was very similar for the b-lactamase-negative
subset. The 23 b-lactamase-positive isolates showed high suscepti-
bility to amoxicillin/clavulanic acid by CLSI and high-dose PK/PD cri-
teria (95.7%), but susceptibility was reduced to 78.3% using
low-dose PK/PD and EUCAST breakpoints (Table 6).

Overall, 78.5% of H. influenzae isolates were susceptible to ampi-
cillin using CLSI or EUCAST breakpoints. As would be expected, ampi-
cillin was inactive against the b-lactamase-positive strains, and the
b-lactamase-negative susceptibility rate was also reduced to 84.2%
due to the BLNAR isolates included in this group.

High susceptibility was observed for azithromycin (99.6% using
CLSI breakpoints, including 100% of b-lactamase-positive iso-
lates) and ceftriaxone (�98% and above by all breakpoints).
Rates of susceptibility to cefpodoxime and cefuroxime were also
.95% by CLSI criteria (but susceptibility to cefuroxime reduced to
89.1% using the CLSI breakpoints adjusted for BLNAR). However,
using EUCAST breakpoints the values were reduced to 86.4% for
cefpodoxime and 14.8% for cefuroxime (13% using BLNAR
adjusted EUCASTcriteria). Cefaclor showed a dramatic drop in sus-
ceptibility when comparing CLSI and PK/PD breakpoints (93.8%
and 23.0%, respectively, Table 6).

Susceptibility to levofloxacin was very similar across break-
points, with 96.5% susceptible using CLSI and PK/PD breakpoints
and 96.2% by the EUCAST breakpoints. These values were slightly
reduced in b-lactamase-positive strains, which were 95.7% sus-
ceptible using all three breakpoints (Table 6).

M. catarrhalis

The specimen sources for the 40 M. catarrhalis isolates were
sputum (n¼29, 72.5%), tracheal aspirate (n¼8, 20.0%), blood

Table 4. MIC and susceptibility results for S. pyogenes isolates

Susceptibility

MIC (mg/L) CLSIa PK/PD EUCASTa

Antimicrobial n 50% 90% min max %S %I %R %S %S %I %R

AMCb 222 ≤0.015 0.03 ≤0.015 0.06 100 — — 100 (100) 100 — —
Cefaclor 222 0.06 0.12 ≤0.015 0.25 100 — — 100 100 — —
Cefpodoxime 222 ≤0.015 0.03 ≤0.015 0.5 100 — — 100 100 — —
Ceftriaxone 222 0.015 0.03 ≤0.002 0.12 100 — — 100 100 — —
Cefuroxime 222 ≤0.015 ≤0.015 ≤0.015 0.12 100 — — 100 100 — —
Clindamycin 222 0.06 0.12 ≤0.015 .256 98.7 0.4 0.9 NA NA NA NA
Levofloxacin 222 0.5 1 0.03 4 98.2 1.8 0 98.2 92.3 5.9 1.8
Penicillin 222 0.015 0.03 0.002 0.12 100 — — NA 100 — 0
Erythromycinc 222 NT NT NT NT 94.1 3.6 2.3 NA 94.1 3.2 2.7

AMC, amoxicillin/clavulanic acid; 50%, concentration required to inhibit 50% of isolates; 90%, concentration required to inhibit 90% of isolates; min,
minimum MIC observed; max, maximum MIC observed; S, susceptible; I, intermediate; R, resistant; NA, not applicable; NA, no breakpoint data
available (NA for clindamycin by PK/PD and EUCAST because Etestw breakpoints in CO2 not available); NT, not tested for MIC.
aPenicillin G results were used to infer susceptibility to other penicillins and cephalosporins according to CLSI and EUCAST guidelines.
bPK/PD susceptibility at high dose is shown in parentheses.
cUsing the S/I/R interpretive criteria for zone diameters (mm) of CLSI (≤15/16–20/≥21) and EUCAST (≤17/18–20/≥21).
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(n¼2, 5.0%), and bronchoalveolar lavage (n¼1, 2.5%). Nineteen
isolates came from elderly patients (47.5%), 17 from adult
patients (42.5%) and 4 from paediatric patients (10.0%). All but
1 of the 40 isolates were b-lactamase positive.

Summary MIC and susceptibility data for M. catarrhalis are
shown in Table 8. MIC distribution data are given in Table 9.
M. catarrhalis isolates were 100% susceptible to amoxicillin/
clavulanic acid and levofloxacin using all types of breakpoints.
Susceptibility to cefuroxime was 100% by CLSI and 90% by PK/
PD breakpoints but only 7.5% by EUCAST. The susceptibility to
cefaclor was much lower using PK/PD breakpoints (32.5%), but
remained at 100% using CLSI criteria (Table 8).

Age group analysis

Susceptibility was compared across age groups using CLSI
breakpoints. Statistically significant differences were found for
S. pneumoniae (Figure 5). Cefaclor, cefpodoxime, cefuroxime
and penicillin (using oral breakpoints) were significantly less active
against isolates from children than those from adults and elderly
patients (P,0.05). No significant differences between age groups
were found in the susceptibility of S. pyogenes, H. influenzae or
M. catarrhalis to any of the tested antimicrobials.

Site analysis

To assess variability between sites in Turkey, susceptibility to
S. pneumoniae and H. influenzae by CLSI breakpoints was com-
pared across sites where the number of isolates collected per spe-
cies was ≥30 (Figures 6 and 7). S. pneumoniae isolates from the
Ege University Hospital in Izmir had significantly higher suscepti-
bility to amoxicillin/clavulanic acid, cefaclor, cefpodoxime and
cefuroxime (all 100% susceptible by CLSI breakpoints) than iso-
lates from all other sites (which showed ≤92%, ≤49%, ≤58%
and ≤64% susceptibility to the four drugs, respectively), while
Marmara University in Istanbul had a greater proportion of iso-
lates susceptible to clindamycin (78%) and erythromycin (68%)
than the other sites, with susceptibility rates at these sites of
≤63% and ≤47%, respectively (P,0.05).

For S. pyogenes, only erythromycin showed significant differ-
ences between sites, with Ege University Hospital showing signifi-
cantly lower susceptibility than the other sites (80% versus ≥96%
susceptible, P,0.05).

Isolates of H. influenzae from Hacettepe University in Ankara
showed significantly lower susceptibility to amoxicillin/clavulanic
acid (72%) than those from other sites (≥97% susceptible) and
significantly lower susceptibility to ampicillin (59%) than isolates
from Marmara and Istanbul University (≥80% susceptible) but not
from Ege (74% susceptible).

Discussion
Just as Turkey has been identified to be an outlier when it comes
to antibiotic use, the country also showed resistance patterns for
some key respiratory pathogens that were exceptional in Europe.
The most dramatic differences between the antimicrobial activity
results in Turkey and those in other countries were found for
S. pneumoniae. Penicillin non-susceptibility, at 61.8%, in Turkey
was much higher than the rate for Europe as a whole (11.9%)
and for the European countries with the highest rates (MaltaTa
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Table 6. MIC and susceptibility results for H. influenzae isolates

Susceptibility

MIC (mg/L) CLSI PK/PD EUCAST

Antimicrobial Isolate group n 50% 90% min max %S %I %R %S %S %I %R

AMCa,b All 339 1 4 ≤0.015 .256 91.7 (90.0)c — 8.3 (10.0)c 87.9 (91.7) 87.9 (82.9)c — 12.1 (17.1)c

BL2 316 0.5 4 ≤0.015 .256 91.5 — 8.5 88.6 (91.5) 88.6 — 11.4
BL+ 23 2 4 0.5 8 95.7 — 4.3 78.3 (95.7) 78.3 — 21.7

Ampicillind all 339 0.5 32 ≤0.015 .256 78.5 5.6 15.9 NA 78.5 — 21.5
BL2 316 0.5 2 ≤0.015 .256 84.2 6.0 9.8 NA 84.2 — 15.8
BL+ 23 32 .256 4 .256 0 0 100 NA 0 — 100

Azithromycine,f all 230 2 4 ≤0.015 256 99.6 — — NA NA NA NA
BL2 214 2 4 ≤0.015 256 99.5 — — NA NA NA NA
BL+ 16 2 4 0.5 4 100 — — NA NA NA NA

Cefaclorb all 339 2 8 ≤0.015 .256 93.8 (86.4)c 1.8 (1.5)c 4.4 (12.1)c 23.0 NA NA NA
BL2 316 2 8 ≤0.015 .256 94.4 1.9 4.7 23.7 NA NA NA
BL+ 23 2 8 0.03 8 100 0 0 13.0 NA NA NA

Cefpodoxime all 339 0.12 0.5 ≤0.015 .256 98.2 — — 95.0 86.4 8.5 5.1
BL2 316 0.12 0.5 ≤0.015 .256 98.1 — — 95.3 86.7 8.5 4.8
BL+ 23 0.12 0.5 0.03 1 100 — — 91.3 82.6 8.7 8.7

Ceftriaxone all 339 0.008 0.03 ≤0.002 .256 98.8 — — 98.8 97.9 — 2.1
BL2 316 0.008 0.03 ≤0.002 .256 98.7 — — 98.7 98.1 — 1.9
BL+ 23 ≤0.015 0.03 ≤0.002 0.5 100 — — 100 95.7 — 4.3

Cefuroximeb,g all 339 0.5 2 ≤0.015 .256 97.4 (89.1)c 0.6 (0.3)c 2.1 (10.6)c 84.7 14.8 (13.0)c 69.9 (61.1)c 15.3 (26.0)c

BL2 316 0.5 2 ≤0.015 .256 97.2 0.6 2.2 84.5 15.5 69.0 15.5
BL+ 23 0.5 2 0.12 4 100 0 0 87.0 4.3 82.6 13.0

Levofloxacin all 339 0.015 0.06 ≤0.002 .32 96.5 — — 96.5 96.2 — 3.8
BL2 316 0.015 0.06 ≤0.002 .32 96.5 — — 96.5 96.2 — 3.8
BL+ 23 0.03 0.5 0.008 8 95.7 — — 95.7 95.7 — 4.3

AMC, amoxicillin/clavulanic acid; BL2, b-lactamase negative; BL+, b-lactamase positive; 50%, concentration required to inhibit 50% of isolates; 90%, concentration required to inhibit
90% of isolates; min, minimum MIC observed; max, maximum MIC observed; S, susceptible; I, intermediate; R, resistant; NA, not applicable; NA, no breakpoint data available (NA for
azithromycin by PK/PD and EUCAST because Etestw breakpoints in CO2 not available).
aPK/PD susceptibility at high dose is shown in parentheses.
bIn clinical settings, isolates of BLNAR are considered resistant to amoxicillin/clavulanic acid, cefaclor and cefuroxime (see main text).
cClinical susceptibility to amoxicillin/clavulanic acid, cefaclor and cefuroxime reduced (data in parenthesis) due to corrections according to BLNAR (see main text).
dIn clinical settings, all b-lactamase-positive H. influenzae should be considered resistant.
ebioMérieux Etestw breakpoints for incubation in CO2 used for macrolides.
fAzithromycin QC data were out of range for some MIC batches, so these isolates (n¼109) are not included.
gBreakpoints used are for cefuroxime axetil.
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38.9%, Romania 37.2% and Bulgaria 28.6%) described in the
2012 EARS-Net report.15 Penicillin non-susceptible rates in Turkey
were already high in studies of isolates collected between 2002
and 2003 (31.2% intermediate) and between 2004 and 2005
(24.6% intermediate and 7.6% resistant) as part of an earlier
SOAR study.16 – 18 However, it appears that in the intervening
years susceptibility to penicillin has decreased even further; SOAR
data from Turkey between 2007 and 2009 reported penicillin sus-
ceptibility as 47.2%.18 Furthermore, macrolide non-susceptibility in
Turkey was much higher than the European average (49% versus
17%),15 and has also increased significantly compared with earlier
reports from Turkey. In the current study, 45.8% of isolates were
erythromycin resistant by CLSI breakpoints compared with
15.6% in SOAR 2004–05 and 13.7% in a study of healthy school-
children in Turkey between 2002 and 2003.16,19 A similarly large
decrease in activity was found for cefaclor (85.3% susceptible in
SOAR 2002–03,18 78.7% susceptible in SOAR 2004–0516 and
53.5% susceptible in SOAR 2007–0918 versus 54.4% in the current
study), while the decrease in susceptibility to amoxicillin/clavulanic
acid was much lower (100% in SOAR 2002–03,18 98.7% in SOAR
2004–0516 and 97.7% in SOAR 2007–0918 versus 91.3% in the
current study). Susceptibility to amoxicillin/clavulanic acid by
CLSI breakpoints was similar to levels found in Europe overall
(91.9%).20 The susceptibility increased to 99.1%, when the higher-
dose PK/PD breakpoints were used. The only other agents for which
rates of susceptibility were .95% in Turkey were ceftriaxone, levo-
floxacin and high-dose penicillin (iv). While a global study found
significantly higher penicillin and erythromycin resistance in
infants compared with adults and the elderly,21 our findings
were similar to another Turkish study, in that penicillin susceptibil-
ity was significantly lower in children, but there was no significant
difference in macrolide susceptibility between age groups.16 When
analysing data by site, susceptibility was generally high to amoxi-
cillin/clavulanic acid, ceftriaxone and levofloxacin and generally
low to penicillin. Susceptibility was also low to cefaclor, cefpodox-
ime and cefuroxime in all sites except Ege, where full susceptibility
was observed. Similarly, low susceptibility to erythromycin and
clindamycin was observed in all sites except Marmara.

Antibiotic susceptibility of S. pyogenes from Turkey remained
high. Non-susceptible strains were only seen for clindamycin, levo-
floxacin and erythromycin. For erythromycin, 2.3% and 3.6% of
isolates were reported as resistant and intermediate, respectively.
This level of non-susceptibility was also seen on an individual site
basis, except for Ege, where erythromycin resistance was 5.8%
and intermediate 13.7%. This compares favourably to European
countries such as Spain (21.3% resistant)22 and France (22.4%
resistant).23 However, Turkish macrolide resistance rates were
reported at 1.9% in 2002,24 3.3% in 200419 and 9% in 2010.25

Since this may constitute an increasing trend, continued monitor-
ing is recommended. The non-susceptibility to levofloxacin of
1.8% using CLSI breakpoints and 7.7% using EUCAST are interest-
ing findings, since fluoroquinolone resistance has not been exten-
sively studied in S. pyogenes and reports of resistance have been
rare.26 One Spanish study found 3.5% of isolates resistant to
ciprofloxacin by CLSI criteria,27 while none was non-susceptible
to levofloxacin in a Canadian study using CLSI breakpoints (but
4.4% had an MIC of 2 mg/L, which would be considered inter-
mediate by EUCAST criteria).25 The clinical significance of this
non-susceptibility is unclear since there have been few reports
of clinical failures associated with resistance.25Ta
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Rates of b-lactamase-positive H. influenzae vary widely world-
wide, with findings as high as 52.4% reported recently in Korea.28

In contrast, the rate of b-lactamase-positive H. influenzae
remains low in Turkey. The figure of 6.8% found in this study is
similar to rates of 6.1% found in a Turkish study between 2002
and 200317 and 5.5% reported by Sener et al.16 in 2004 –05.

However, Sener et al.16 found only 0.5% BLNAR strains and
SOAR 2007–09 data from Turkey found 2.2% BLNAR strains,18

whereas in the current study 9.1% of all H. influenzae were
BLNAR (CLSI definition). Accordingly, the amoxicillin/clavulanic
acid activity of 91.7% found in this study using CLSI and high-dose
PK/PD breakpoints (90% using the CLSI BLNAR-adjusted break-
point) was lower than the 99.5% and 97.6%, respectively,
reported by Sener et al.16 in 2007 and was also lower than the
100% of H. influenzae isolates reported as susceptible to amoxicil-
lin/clavulanic acid based on CLSI breakpoints in SOAR data from
Turkey between 2007 and 2009 (BLNAR-adjusted breakpoints
were not used during the study period).18 It is also somewhat
lower than the susceptibility of 94.1% found for Europe as a
whole for isolates collected in 2008–09.20 Analysis by site showed
that this low amoxicillin/clavulanic acid susceptibility was driven
by isolates from one site only (Hacettepe University). Of further
interest is a comparatively high rate of 3.5% non-susceptibility
to levofloxacin. Worldwide resistance rates are ,1%, with 0%
found recently in Europe and the USA29,30 and 0% in Turkey
reported in 2003.31 However, rates of up to 24% were reported
from Taiwan in 2010.32 These Taiwanese levofloxacin-resistant
strains were found mainly in elderly patients; however, in
the Turkish isolates there was no significant difference in levo-
floxacin susceptibility across age groups. For some antimicrobials
H. influenzae susceptibility varied dramatically when using differ-
ent breakpoints. CLSI breakpoints indicate good activity (94% sus-
ceptibility) of cefaclor against H. influenzae (86.4% of isolates
susceptible using BLNAR-adjusted CLSI breakpoints), while the
PK/PD breakpoint resulted in a dramatically lower susceptibility
rate of 23%. Similarly, cefuroxime showed susceptibility of 97%
by CLSI criteria (89% when adjusted according to BLNAR), 85%
by PK/PD and only 15% by EUCAST (13% when adjusted according
to BLNAR). Better alignment of these breakpoints would help clin-
icians in making their daily treatment decisions as well as micro-
biologists and epidemiologists in comparing susceptibility results
across laboratories and countries that are using different break-
points and sometimes even switch over time.

M. catarrhalis isolates remained 100% susceptible using CLSI
criteria to almost all of the agents tested in this study. But again
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azithromycin and levofloxacin, and (b) cefaclor, cefpodoxime, ceftriaxone,
and cefuroxime against H. influenzae.

Table 8. MIC and susceptibility results for M. catarrhalis isolates

Susceptibility

MIC (mg/L) CLSI PK/PD EUCAST

Antimicrobial n 50% 90% min max %S %I %R %S %S %I %R

AMCa 40 0.25 0.5 ≤0.015 0.5 100 — 0 100 (100) 100 — 0
Azithromycinb 33 0.12 0.5 0.03 0.5 NA — — NA NA NA NA
Cefaclor 40 1 1 0.25 2 100 0 0 32.5 NA NA NA
Cefuroxime 40 1 1 ≤0.015 2 100 0 0 90 7.5 92.5 0
Levofloxacin 40 0.06 0.06 0.015 1 100 — — 100 100 — 0

AMC, amoxicillin/clavulanic acid; 50%, concentration required to inhibit 50% of isolates; 90%, concentration required to inhibit 90% of isolates; min,
minimum MIC observed; max, maximum MIC observed; S, susceptible; I, intermediate; R, resistant; NA, not applicable; NA, no breakpoint data
available (NA for azithromycin because Etestw breakpoints in CO2 not available).
aPK/PD susceptibility at high dose is shown in parentheses.
bAzithromycin QC data were out of range for some MIC batches, so these isolates (n¼7) are not included.
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cefaclor showed a dramatic discrepancy between susceptibility by
the CLSI breakpoint (100%) and PK/PD criteria (32.5%). Even more
so, EUCAST susceptible breakpoints for cefuroxime axetil against
M. catarrhalis are 5-fold lower than CLSI, producing a dramatic
reduction in susceptibility (100% susceptible by CLSI versus
7.5% by EUCAST). This discrepancy was addressed by Marchese
et al.,33 further highlighting the need to align the different MIC
interpretive criteria.

The data from this study confirm that isolates of S. pneumoniae
susceptible to penicillin G are also susceptible to other penicillins as
inferred by CLSI and EUCAST guidelines and cephalosporins as
inferred by CLSI guidelines. Interestingly, the data from this study
found the reverse was not correct using CLSI breakpoints; i.e.
penicillin-non-susceptible S. pneumoniae were susceptible to other
b-lactams—the most significant being ceftriaxone. Therefore, either
the b-lactam breakpoints are not correct or the CLSI cross-
resistance statement within the b-lactam class is not correct. This
warrants further investigation.

The data from the SOAR study in Turkey showed that between
2003–03, 2004–05 and 2007–09 there was a statistically signifi-
cant reduction in susceptibility of S. pneumoniae to penicillin, cefaclor
and clarithromycin but not to amoxicillin/clavulanic acid (amoxicil-
lin). Changes of susceptibility rates among H. influenzae between
2002 and 2009 did not show any statistical significance for ampicil-
lin, amoxicillin/clavulanic acid and clarithromycin. However, there
was a significant decrease in susceptibility to cefaclor.18

Turkey has the highest antibiotic use in Europe and is also
ranked in the top 9 among 42 countries in the region when exam-
ining drug classes individually (fourth in use of penicillins, first in
cephalosporins, ninth in macrolides and fourth in quinolones).9

Since it has been shown that antimicrobial use is a main driver
of resistance,6 – 8 it comes as no surprise that this excessive use
of many different antibiotics in Turkey goes along with both high-
level and broad resistance across several drugs in S. pneumoniae.
However, other pathogens showed a more varied resistance
pattern. For example, macrolide susceptibility was reduced
in M. catarrhalis but not in H. influenzae; the BLNAR rate in
H. influenzae was relatively high in Turkey, while the rate of
b-lactamase-positive isolates remained low. Furthermore, anti-
microbial susceptibility also varied across participating sites, as
mentioned above. The effect of high use of antimicrobials on
resistance patterns appears to be complex.

In response to the recent finding of high antibiotic use, the
Turkish government has developed a national action plan aimed
at the reduction of antibiotic consumption over the next several

years. This represents an important chance to evaluate the
impact of such an intervention both on actual use and on anti-
microbial resistance. The results of both the report on antibiotic

Table 9. Distribution of M. catarrhalis MICs

Number of isolates at MIC (mg/L)

Drug n ≤0.015 0.015 0.03 0.06 0.12 0.25 0.5 1 2

AMC 40 2 0 5 5 7 16 5 0 0
Azithromycina 33 0 0 6 8 13 1 5 0 0
Cefaclor 40 0 0 0 0 0 3 10 24 3
Cefuroxime 40 2 0 1 0 0 3 5 25 4
Levofloxacin 40 0 3 13 22 0 0 1 1 0

AMC, amoxicillin/clavulanic acid.
aAzithromycin QC data were out of range for some MIC batches, so these isolates (n¼7) are not included.
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consumption and this susceptibility study provide baseline values
and benchmarks against which changes can be measured.
Continued surveillance of both antimicrobial use and susceptibility
is crucial to objectively assess progress in reduction of drug use
and improvements in susceptibility, providing important learning
opportunities for Turkey and for all other countries interested in
tackling excessive consumption of antibiotics and increasing
resistance.
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Figure 7. Percentage susceptible rates (with 95% CI) for antimicrobials
against H. influenzae by site according to CLSI breakpoints. AMC,
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