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Objectives: To investigate changes in antibiotic susceptibility of Streptococcus pneumoniae and Haemophilus
influenzae from the Survey of Antibiotic Resistance (SOAR) in community-acquired respiratory tract infections
(CA-RTIs) between 2002 and 2009 in Turkey.

Methods: Previously published SOAR data were used for this analysis. MICs were determined using Etestw

gradient strips or disc diffusion. Susceptibility against a range of antimicrobial agents was assessed using CLSI
breakpoints.

Results: A total of 900 S. pneumoniae isolates were analysed: 2002–03 (n¼75), 2004–05 (n¼301) and 2007–
09 (n¼524). Four antibiotics were tested consistently throughout and three showed a statistically significant
decrease in susceptibility (P,0.0001): penicillin (74.7% susceptible in 2002–03; 67.8% in 2004–05; and
47.2% in 2007–09); cefaclor (85.3% in 2002–03; 78.7% in 2004–05; and 53.5% in 2007–09) and clarithromycin
(85.3% in 2002–03; 82.7% in 2004–05; and 61.9% in 2007–09). Susceptibility to amoxicillin/clavulanic acid did
not significantly change (100% in 2002 –03; 98.7% in 2004 –05; and 97.7% in 2007–09). A total of 930
H. influenzae isolates were analysed: 2002–03 (n¼133), 2004–05 (n¼379) and 2007–09 (n¼418). Four anti-
biotics were also consistently tested: ampicillin, amoxicillin/clavulanic acid, clarithromycin and cefaclor. All
showed .90% susceptibility, but only cefaclor susceptibility significantly reduced (P,0.0001) over time
(99.2% in 2002–03; 96.3% in 2004–05; and 90.4% in 2007–09).

Conclusions: In S. pneumoniae from Turkey, there has been a clear statistically significant reduction in suscepti-
bility to key antibiotics since 2002, but not to amoxicillin/clavulanic acid (or amoxicillin). However, susceptibility in
H. influenzae remained stable. Continued surveillance is required to monitor future changes in antibiotic suscep-
tibility for CA-RTI bacteria.

Introduction
Community-acquired respiratory tract infections (CA-RTIs) such as
otitis media (a complication of upper respiratory tract infection),
rhinosinusitis and pneumonia are one of the most common
human diseases. They constitute a major health problem and
are associated with tremendous personal, social and economic
burden worldwide. These infections not only cause serious illness,
pain and discomfort, but can also progress to chronic forms that
are often associated with serious complications causing severe
morbidity and mortality.1 – 3 The complications and sequelae of
otitis media are also important causes of preventable, irreversible
hearing impairment in children.3 Morbidity and mortality rates of

all CA-RTIs are especially high in young children, the elderly and
immunocompromised patients.

Otitis media is a leading cause of healthcare visits and anti-
biotic prescriptions.4 Some 70%–80% of healthy children have
been reported to have at least one episode of otitis media during
the first 3 years of life and 40% will have six or more recurrences.5

Globally, the acute otitis media incidence rate is estimated to be
�11% (equivalent to 709 million cases each year) with the major-
ity of these occurring in children ,5 years of age.3 Similarly, the
incidence of chronic suppurative otitis media is estimated to be
4.8% (equivalent to 31 million cases) with 22.6% of cases occur-
ring annually in those ,5 years old.3 Otitis media-related hearing
impairment has a prevalence of 30.8 per 10 000.3 The WHO
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estimates that 28000 deaths every year are attributable to com-
plications of otitis media.6

Acute rhinosinusitis is defined as an inflammation of the
mucosal lining of the nasal passage and paranasal sinuses lasting
up to 4 weeks.7 In one study, nearly one in seven (13.4%) of all
non-institutionalized adults were diagnosed with rhinosinusitis
within the previous 12 months.8

Streptococcus pneumoniae and Haemophilus influenzae are the
two most important bacterial pathogens associated with CA-
RTIs.9,10 CA-RTIs are a common cause of mortality and one of the
main reasons for physician visits.11 As with many bacterial infections,
treatment of CA-RTIs is empirical; therefore, it is vitally important to
have a clear understanding of local antimicrobial susceptibility data.

In order to combat antimicrobial resistance, prevention of exces-
sive and inappropriate use of antibiotics is essential. An accurate clin-
ical diagnosis and establishing a bacterial aetiology are essential to
administering the right antibiotic at the right dose at the appropriate
intervals. Many guidelines are available to aid the correct diagnosis of
CA-RTIs and to identify which antibiotic is indicated.12 Practically and
ethically, it is not possible to culture and identify the microorganism
in each case by performing sinus puncture; therefore, the choice of
antimicrobial therapy in CA-RTIs is usually empirical. Hence, current
local antibiotic susceptibility data are required or, if they are not avail-
able, regional or global data regarding the causative agents of
CA-RTIs and their resistance profile are necessary in order to choose
the right antimicrobial regimen. The prevalence of antibiotic resist-
ance can vary from country to country even within the same geo-
graphical area. For example, data from the ECDC for 2012 show
73.0% penicillin susceptibility [using the CLSI (formerly NCCLS) oral
susceptible breakpoint of 0.06 mg/L] in pneumococci from Spain,
76.6% penicillin susceptibility in France, 87.9% in Italy and 91.6%
in Portugal.13 In addition, antibiotic resistance can change over
time. As seen among CA-RTI pathogens, the general perception of
antibiotic susceptibility is its inevitable decrease, as seen with peni-
cillin susceptibility in S. pneumoniae from the USA (breakpoint
0.06 mg/L), which decreased from 71.6% in 1998 to 56.3% in
2011.14 However, this is not always the case, as demonstrated in
Portugal where penicillin susceptibility decreased between 1989
and 1999 (to the lowest point of 75% susceptibility) and then
increased to 82% in 2007.15 This increased susceptibility trend was
statistically significant.15 A similar phenomenon has also been
observed in Spain where only 40% of pneumococci were penicillin
susceptible (using the CLSI parenteral susceptible breakpoint of
2 mg/L) in 1996–97, but susceptibility was 71.1% in 2006–07.16

Susceptibility to ampicillin in H. influenzae from Portugal was rela-
tively stable (�90%) over this time period,15 whereas susceptibility
increased in Spain (from 63.4% in 1996–97 to 83.9% in 2006–
07).16 Therefore, there are both temporal and geographical differ-
ences in antibiotic susceptibility for CA-RTI pathogens. In this review,
we have compared antibiotic resistance rates in S. pneumoniae and
H. influenzae from Turkey between 2002–03, 2004–05 and 2007–
09. This analysis was compiled from data presented for the Survey of
Antibiotic Resistance (SOAR) in CA-RTIs in Turkey.17–19

Materials and methods

Collaborating centres
The following six centres took part in the study during the following time
periods.

SOAR 2002–03: Istanbul University, Istanbul; and Ege University, Izmir.
SOAR 2004–05: Hacettepe University, Ankara; Ege University, Izmir;

Marmara University, Istanbul; Istanbul University, Istanbul; Karadeniz
Technical University, Trabzon; and Akdeniz University, Antalya.

SOAR 2007–09: Hacettepe University, Ankara; Ege University, Izmir;
Marmara University, Istanbul; Karadeniz Technical University, Trabzon;
and Istanbul University, Istanbul.

Clinical isolates (from outpatients who attended the
university hospitals)
A total of 900 S. pneumoniae isolates were analysed: 2002–03 (n¼75),
2004 –05 (n¼301) and 2007 –09 (n¼524) and a total of 930
H. influenzae isolates were analysed: 2002–03 (n¼133), 2004–05 (n¼379)
and 2007–09 (n¼418). Isolates of S. pneumoniae and H. influenzae were
obtained from sputum, bronchoalveolar lavage, endotracheal aspirate,
middle ear effusion and blood from adult and paediatric patients with clin-
ical indications of CA-RTI using routine clinical collection methods.
Organisms were identified using conventional methods (optochin suscep-
tibility/bile solubility for S. pneumoniae and X and V factor requirement for
H. influenzae). Also, automated systems were used where applicable.
Duplicate isolates from the same patient were not accepted. The presence
of b-lactamase was determined by a chromogenic cephalosporin (nitroce-
fin) disc method.20

Susceptibility testing
Antibiotic susceptibility testing for all microorganisms was evaluated by
Etestw except erythromycin, clindamycin, trimethoprim/sulfamethoxa-
zole, tetracycline and chloramphenicol, which were evaluated by disc dif-
fusion. MICs were determined using a gradient strip Etestw susceptibility
method according to the manufacturer’s instructions (bioMérieux, Marcy
l’Etoile, France). Disc diffusion susceptibility testing was carried out accord-
ing to CLSI methodology.21,22 All incubations were conducted in a 5% CO2

atmosphere, except for macrolide Etests where ambient atmosphere was
used when evaluated against S. pneumoniae during SOAR 2004–05 and
against S. pneumoniae and H. influenzae during SOAR 2007–09. Quality
control strains 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 con-
trol strains were within published limits. Any Etestw MIC results that were
between doubling dilutions were rounded up to the next doubling dilution
MIC for data analysis. Susceptibility to the study antimicrobials was calcu-
lated based on CLSI breakpoints at the time of testing23 – 25 except for
macrolides when incubation was made in CO2. The breakpoints used are
shown in Table 1.

The antimicrobials tested were as listed below.

SOAR 2002–03

S. pneumoniae: penicillin, amoxicillin/clavulanic acid, cefaclor, cefprozil,
cefuroxime, clarithromycin and azithromycin.

H. influenzae: ampicillin, amoxicillin/clavulanic acid, cefaclor, cefprozil,
cefuroxime, clarithromycin and azithromycin.

SOAR 2004–05

S. pneumoniae: penicillin, amoxicillin/clavulanic acid, cefaclor, cefprozil,
azithromycin, clarithromycin, erythromycin, clindamycin, trimethoprim/
sulfamethoxazole, tetracycline, chloramphenicol and ofloxacin.

H. influenzae: ampicillin, amoxicillin/clavulanic acid, cefaclor, cefprozil,
azithromycin, clarithromycin, trimethoprim/sulfamethoxazole, tetracyc-
line, chloramphenicol and ofloxacin.
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SOAR 2007–09

S. pneumoniae: penicillin, amoxicillin/clavulanic acid, cefuroxime, cefaclor,
ceftriaxone, clarithromycin, erythromycin, clindamycin, trimethoprim/
sulfamethoxazole, tetracycline, chloramphenicol and ofloxacin.

H. influenzae: ampicillin, amoxicillin/clavulanic acid, cefuroxime, cefa-
clor, ceftriaxone, clarithromycin, trimethoprim/sulfamethoxazole, tetra-
cycline, chloramphenicol and ofloxacin.

Statistical analysis
Where data were available for all three SOAR study periods (SOAR 2002–
03; SOAR 2004–05; and SOAR 2007–09), changes in antibiotic susceptibil-
ity were analysed by the Cochran–Armitage test (XLSTAT, Addinsoft, Paris,
France). Data are also presented where susceptibility is only available for
two time periods, but were not analysed statistically due to an inadequate
number of timepoints.

Results

S. pneumoniae

Percentage susceptibilities for the antimicrobials tested against
S. pneumoniae over the three time periods of analysis are

shown in Figure 1. In 2002–03, 74.7% of pneumococci were sus-
ceptible to penicillin, but this decreased to 67.8% in 2004–05 and
decreased further to 47.2% by 2007–09. This trend was statistic-
ally significant (Table 2).

A similar decrease in activity was also observed for cefaclor and
clarithromycin, which was also statistically significant (P,0.0001).
In contrast, amoxicillin/clavulanic acid susceptibility (and presum-
ably amoxicillin susceptibility) did not change significantly over the
7 year time period (P¼0.116): 100% of isolates were susceptible in
2002–03, 98.7% in 2004–05 and 97.7% in 2007–09 (Table 2). The
other antibiotics were not tested over all time periods and thus
temporal trends were not evaluated statistically; however, most
showed reduced susceptibility over time (Figure 1). The exception
was susceptibility to ofloxacin, which increased from 72.1% in
2004–05 to 88.9% in 2007–09 (Figure 1).

H. influenzae

In 2002–03, the prevalence of b-lactamase production was 4.5%
(n¼133); it was 5.5% (n¼379) in 2004–05 and 2.6% (n¼418) in
2007–09. This prevalence did not significantly change over the
study period (P¼0.119).

Table 1. Breakpoints used to determine susceptible (S), intermediate (I) and resistant (R) categories based on CLSI breakpoints at the time of testing22–24

CLSI MIC breakpoints (mg/L)

S. pneumoniae H. influenzae

Antimicrobial S I R S I R

Penicillin (oral) ≤0.06 0.12–1 ≥2 NT NT NT
Ampicillin NT NT NT ≤1 2 ≥4
Amoxicillin/clavulanic acida ≤2 4 ≥8 ≤4 — ≥8
Cefaclor ≤1 2 ≥4 ≤8 16 ≥32
Cefprozil ≤2 4 ≥8 ≤8 16 ≥32
Cefuroximeb ≤1 2 ≥4 ≤4 8 ≥16
Ceftriaxone ≤1 2 ≥4 NT NT NT
Azithromycin (ambient) ≤0.5 1 ≥2 ≤4 — —
Azithromycin (CO2)c ≤4 8 ≥16 ≤8 — —
Clarithromycin (ambient) ≤0.25 0.5 ≥1 ≤8 16 ≥32
Clarithromycin (CO2)c ≤0.5 1 ≥2 ≤16 32 ≥64
Ofloxacin ≤2 4 ≥8 NT NT NT

CLSI zone breakpoints (mm)

S I R S I R

Erythromycin ≥21 16–20 ≤15 NT NT NT
Clindamycin ≥19 16–18 ≤15 NT NT NT
Trimethoprim/sulfamethoxazole ≥19 16–18 ≤15 ≥16 11–15 ≤10
Tetracyclined ≥23 19–22 ≤18 ≥29 26–28 ≤25
Chloramphenicol ≥21 — ≤20 ≥29 26–28 ≤25

NT, not tested.
aAmoxicillin/clavulanic acid was tested at a 2:1 amoxicillin/clavulanic acid ratio; breakpoints are expressed as the amoxicillin component. Although
amoxicillin was not tested against S. pneumoniae, the percentage susceptibility to amoxicillin and amoxicillin/clavulanic acid is expected to be the same.
bBreakpoints used are for cefuroxime axetil.
cbioMérieux Etestw breakpoints used for macrolides when incubated in CO2.
dTetracycline disc breakpoints for S. pneumoniae are those current for the study periods22 – 24 but are lower than CLSI breakpoints issued more recently.
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Between the 2004–05 and 2007–09 study periods in Turkey,
the prevalence of b-lactamase-negative ampicillin-resistant
(BLNAR) strains was 0.5% and 2.2%, respectively. Based on CLSI
guidelines, rare BLNAR strains of H. influenzae should be consid-
ered resistant to ampicillin/sulbactam, amoxicillin/clavulanic
acid, cefaclor, cefamandole, cefetamet, cefonicid, cefprozil, cefu-
roxime, loracarbef and piperacillin/tazobactam, despite apparent
in vitro susceptibility of some BLNAR strains to these agents.
Therefore, although susceptibility to amoxicillin/clavulanic acid
was 100% in 2007–09 according to our susceptibility data, in clin-
ical practice it would be prudent to assume that these BLNAR are
non-susceptible to amoxicillin/clavulanic acid (effective suscepti-
bility of 97.8% in 2007–09).

The percentages of isolates of H. influenzae susceptible to the
antimicrobials tested over the three time periods are shown in
Figure 2. The susceptibility to the majority of the test antimicro-
bials was relatively stable over the 7 year study period. Around
90% or more of the H. influenzae isolates were susceptible to all

test antimicrobials over each time period, except for trimetho-
prim/sulfamethoxazole (76.5% susceptible in 2004– 05 and
71.3% in 2007– 09) and tetracycline (78.0% susceptible in
2004–05 and 68.9% in 2007–09; Figure 2). Amoxicillin/clavulanic
acid was the most active with 100% susceptibility in 2002–03 and
2007 –09 and 99.5% susceptibility in 2004 –05 (Figure 2 and
Table 3). Despite 90.4% susceptibility in 2007–09, cefaclor sus-
ceptibility significantly decreased between 2002–03 and 2007–
09 with a P value of ,0.0001 (Table 3). Ampicillin and clarithromy-
cin did not show significant changes in susceptibility (Table 3).

Discussion
This review analysed susceptibility data for S. pneumoniae and
H. influenzae from the SOAR study for Turkey over three separate
study periods: 2002 –03, 2004 –05 and 2007 –09. There are
several limitations to this study. In the period 2002 –03,

Table 2. Statistical analysis of antimicrobial percentage susceptibility (%S) in S. pneumoniae

CLSI %S

Antimicrobial 2002–03 2004–05 2007–09 P value Conclusion

Penicillin (oral) 74.7 67.8 47.2 ,0.0001 significant decrease in susceptibility
Amoxicillin/clavulanic acid 100.0 98.7 97.7 0.116 non-significant change in susceptibility
Cefaclor 85.3 78.7 53.5 ,0.0001 significant decrease in susceptibility
Clarithromycina 85.3 82.7 61.9 ,0.0001 significant decrease in susceptibility

aClarithromycin data in 2002–03 from Etests incubated in 5% CO2 and ambient atmosphere in 2004–05 and 2007–09, with differing associated
breakpoints used as shown in Table 1.
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Figure 1. Percentage susceptibility for antimicrobials against S. pneumoniae during 2002–03, 2004–05 and 2007–09.
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S. pneumoniae and H. influenzae isolates were collected from only
two centres and the numbers of isolates were lower than those
seen in 2004–05 and 2007–09, respectively. Nevertheless, there
are comparisons that can be made between the study periods.

For S. pneumoniae, there was a clear and statistically signifi-
cant temporal trend for reduced susceptibility to penicillin, cefa-
clor and clarithromycin. Only �50%–60% of pneumococci were
susceptible to these antibiotics in 2007–09 despite susceptibility
being around 75% or above in 2002–03. Similar statistically sig-
nificant decreases in penicillin susceptibility have also been
shown for invasive pneumococci from Turkey collected between
2003 and 2005 (87% and 76%, respectively).26 However, in this
2003–05 study, susceptibility to erythromycin was stable at
�90% susceptible.26 In another Turkish study performed in
2005–06, penicillin susceptibility was �60%,27 which is in keeping
with the results presented here for the same time period.

Within the rest of Europe, Antimicrobial Resistance Interactive
Database (EARS-Net) data (invasive isolates) indicate either
increasing penicillin susceptibility between 2002 and 2012 in
Portugal (from 80.4% to 91.6%), Spain (from 66.6% to 73.0%)

and France (from 63.8% to 76.6%) or fairly stable penicillin sus-
ceptibility in Italy (88.9% in 2002 to 87.9% in 2012).13 Other stud-
ies on non-invasive S. pneumoniae isolates from Spain and
Portugal also confirm an increasing trend in penicillin susceptibility
over an earlier time period between the late 1990s to 2007.15,16

The same studies also showed an increasing trend for macrolide
susceptibility in Spain and Portugal.15,16 However, data from
EARS-Net showed stable macrolide susceptibility in Spain and
Portugal between 2002 and 2012 (�80% and �75%, respect-
ively).13 These countries, therefore, differ quite considerably in
their resistance trends, but nevertheless have higher penicillin
and macrolide susceptibility levels than Turkey.

Similarly, low susceptibility levels to penicillin and macrolides
have been reported in Greece for 2011–12 (63.2% and 71.2%,
respectively)14 and it is tempting to speculate that pneumococcal
resistance is widespread in the Mediterranean region. However, a
detailed investigation of invasive S. pneumoniae between 2003
and 2005 revealed heterogeneity regarding countries in the
southern and eastern Mediterranean. For example, Cyprus and
Morocco showed relatively high susceptibility to penicillin and
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Figure 2. Percentage susceptibility for test drugs against H. influenzae during 2002–03, 2004–05 and 2007–09.

Table 3. Statistical analysis of percentage susceptibility (%S) to antimicrobials in H. influenzae

Antimicrobial

CLSI %S

P value Conclusion2002–03 2004–05 2007–09

Ampicillin 95.5 90.8 95.2 0.379 non-significant change in susceptibility
Amoxicillin/clavulanic acid 100.0 99.5a 100.0a 0.539 non-significant change in susceptibility
Cefaclor 99.2 96.3 90.4 ,0.0001 significant decrease in susceptibility
Clarithromycinb 100.0 95.2 96.7 0.287 non-significant change in susceptibility

aThe percentage susceptibility of BLNAR was 0.5% (2004–05) and 2.2% (2007–09). Rare BLNAR strains of H. influenzae should be considered resistant to
amoxicillin/clavulanic acid, despite apparent in vitro susceptibility.
bClarithromycin data in 2002–03 and 2004–05 from Etests incubated in 5% CO2 and ambient atmosphere in 2007–09, with differing associated break-
points used as shown in Table 1.
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erythromycin overall at 84%–88%,26 whereas isolates from Malta
were highly susceptible to penicillin (95%) but less susceptible to
macrolides (65%).26 Tunisia, despite being a close neighbour of
Morocco, had low susceptibility to penicillin (71%) and erythromy-
cin (66%).26 Antibiotic susceptibility of S. pneumoniae was also
evaluated from other countries in Africa and the Middle East dur-
ing 2002–03 in parallel with the data presented here for Turkey.
Penicillin susceptibility ranged from 6% in Egypt to 90% in
Pakistan17 and macrolide susceptibility ranged from 54.8% in
the United Arab Emirates to 98% in Egypt.17

Elsewhere, susceptibility data for non-invasive strains from the
USA between 1998 and 2011 have also shown a trend of decreas-
ing susceptibility to penicillin and macrolides with susceptibility of
58.5% and 60.6%, respectively, in 2009.14 This is similar to that
observed in the 2009 data from Turkey reported here.

Susceptibility to amoxicillin/clavulanic acid in S. pneumoniae
from Turkey did not significantly change over time and remained
high at 97.7% in 2007–09. Similar levels of amoxicillin/clavulanic
acid susceptibility were found in Spain and Portugal between the
late 1990s and 2007.15,16 However, susceptibility was lower in the
USA (81.1% in 2011).14 Interestingly, CLSI guidelines21 – 25 state
that penicillin susceptibility can predict amoxicillin/clavulanic
acid susceptibility, but clearly penicillin non-susceptibility does
not predict amoxicillin/clavulanic acid (or amoxicillin) non-
susceptibility. This warrants further investigation.

Although not evaluated statistically, this decreased suscepti-
bility trend in S. pneumoniae from Turkey was also observed for
other classes of antimicrobial agent with the exception of fluoro-
quinolones (ofloxacin), for which susceptibility was seen to
increase to 88.9% in 2007–09. High fluoroquinolone (levofloxa-
cin) susceptibility was also observed in Spain (up to 2007),
Portugal (up to 2007) and the USA (up to 2011).14 – 16

Antibiotic resistance in H. influenzae remained very stable
between 2003 and 2009 in Turkey with a low prevalence
of b-lactamases (4.5%) compared with other countries in
Africa and the Middle East (evaluated in SOAR 2002 – 03).
Only Pakistan had a lower prevalence (3.2%) while the
highest rate was 34.2% in Jordan.17 Other studies have found
higher b-lactamase prevalence than observed in Turkey:
Greece 13.8%,28 Portugal 10% – 12%15 and Spain 15.7% in
2006 – 07. However, the prevalence in Spain during 1996 – 97
was significantly higher at 25.7%.16

Only cefaclor showed any significant change in susceptibility
between 2002–03 and 2007–09 in H. influenzae with a reduction
in susceptibility from 99.2% to 90.4%. The least active agents
against H. influenzae were trimethoprim/sulfamethoxazole
(71.3% in 2007 –09) and tetracycline (68.9% in 2007 –09).
A study of H. influenzae from Portugal also found susceptibility
to trimethoprim/sulfamethoxazole to be the lowest for those
antimicrobial agents tested in 2007, at �86%.15

Susceptibility to amoxicillin/clavulanic acid in H. influenzae
remained high at 99.5% –100% from 2002 to 2009 and this
high level of susceptibility has also been observed in Portugal,15

Spain,16 Greece28 and the USA29 over similar time periods.
Inferring amoxicillin/clavulanic acid susceptibility using BLNAR
status suggests that in 2007–09, susceptibility may be lower at
97.8% but this can still be considered high.

The data show that there is a worrying trend of reducing
antibiotic susceptibility in pneumococci in Turkey with only fluor-
oquinolones and amoxicillin/clavulanic acid (or amoxicillin)

unaffected. This may relate to very high levels of antibiotic use
in Turkey.28 However, high quinolone use is also reported in this
country without associated resistance and therefore there may
be other factors, such as local clonal spread, associated with
these resistance trends.

Conversely, antibiotic susceptibility in H. influenzae from Turkey
remained very stable between 2002 and 2009 and levels of
b-lactamase were low compared with many other parts of
Europe. These data are also not consistent with the high antibiotic
use in Turkey30 and therefore other factors may be involved.
For example, a study in 2002– 03 showed that even healthy
asymptomatic children in Turkey have high carriage rates of
S. pneumoniae (23.4%) and H. influenzae (15.8%). Of these
isolates, 75% of S. pneumoniae were penicillin resistant and
86% erythromycin resistant.31 High b-lactamase prevalence in
H. influenzae (20%) was observed.31

These data show that continued country-specific surveillance
is required in order to fully understand the dynamics of antimicro-
bial resistance. The SOAR study will continue in Turkey in the future
and new data will further assist in the understanding of antimicro-
bial resistance in this country.
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19 Sener B, Tunçkanat F, Ulusoy S et al. A survey of antibiotic resistance in
Streptococcus pneumoniae and Haemophilus influenzae in Turkey, 2004–
2005. J Antimicrob Chemother 2007; 60: 587–93.

20 O’Callaghan CH, Morris A, Kirby SM et al. Novel method for detection
of b-lactamases by using a chromogenic cephalosporin substrate.
Antimicrob Agents Chemother 1972; 1: 283–8.

21 National Committee for Clinical Laboratory Standards. Performance
Standards for Antimicrobial Disc Susceptibility Tests—Eighth Edition:
Approved Standard M2-A8. NCCLS, Wayne, PA, USA, 2003.

22 Clinical and Laboratory Standards Institute. Performance Standards for
Antimicrobial Disc Susceptibility Tests—Tenth Edition: Approved Standard
M2-A10. CLSI, Wayne, PA, USA, 2009.

23 Clinical and Laboratory Standards Institute. Performance Standards for
Antimicrobial Susceptibility Testing: Fourteenth Informational Supplement
M100-S14. CLSI, Wayne, PA, USA, 2004.

24 Clinical and Laboratory Standards Institute. Performance Standards for
Antimicrobial Susceptibility Testing: Fifteenth Informational Supplement
M100-S15. CLSI, Wayne, PA, USA, 2005.

25 Clinical and Laboratory Standards Institute. Performance Standards for
Antimicrobial Susceptibility Testing: Nineteenth Informational Supplement
M100-S19. CLSI, Wayne, PA, USA, 2009.

26 Borg MA, Tiemersma E, Scicluna E et al. Prevalence of penicillin
and erythromycin resistance among invasive Streptococcus pneumoniae
isolates reported by laboratories in the southern and eastern
Mediterranean region. Clin Microbiol Infect 2009; 15: 232–7.

27 Erdem H, Pahsa A. Antibiotic resistance in pathogenic Streptococcus
pneumoniae isolates in Turkey. J Chemother 2005; 17: 25–30.

28 Maraki S, Papadakis IS. Antimicrobial resistance trends among
community-acquired respiratory tract pathogens in Greece, 2009–2012.
Sci World J 2014; 2014: 941564.

29 Pfaller MA, Farrell DJ, Sader HS et al. AWARE Ceftaroline Surveillance
Program (2008–2010): trends in resistance patterns among Streptococcus
pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis in the
United States. Clin Infect Dis 2012; 55 Suppl 3: S187–93.

30 Versporten A, Bolokhovets G, Ghazaryan L et al. Antibiotic use in
Eastern Europe: a cross-national database study in coordination with the
WHO Regional Office for Europe. Lancet Infect Dis 2014; 14: 381–7.

31 Gazi H, Kurutepe S, Surucuoglu S et al. Antimicrobial susceptibility of
bacterial pathogens in the oropharynx of healthy school children in
Turkey. Indian J Med Res 2004; 120: 489–94.

SOAR: Turkey 2002–09

i91

JAC

http://www.who.int/pbd/deafness/activities/hearing_care/otitis_media.pdf
http://www.who.int/pbd/deafness/activities/hearing_care/otitis_media.pdf
http://www.who.int/pbd/deafness/activities/hearing_care/otitis_media.pdf
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&amp;ID=963
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&amp;ID=963
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&amp;ID=963
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&amp;ID=963
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&amp;ID=963
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&amp;ID=963
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&amp;ID=963
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&amp;ID=963
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&amp;ID=963


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




