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Abstract

Aim In this study, it was aimed to identify anaerobic bacteria isolated from various clinical samples, and to determine their antibiotic resistance by gradient method (E-test).

Material and 
Method

� e study was carried out between January 15 and November 1, 2021. � e 213 of 863 samples were included in the study. Anaerobic strains were isolated by conventional methods and 
identi� ed by an automated system. Antimicrobial susceptibility was determined by the gradient method according to the Clinical and Laboratory Standards Institute (CLSI) criteria.

Results Anaerobic bacteria were detected in 10.3% of the samples (n=22), aerobic/facultative anaerobic bacteria were detected in 34.8% (n=74), while growth was not observed in 54.9% 
(n=117) of the samples. � e 76.9% of the samples (n=164) were abscess. � e 72.7% (n=16) of anaerobic bacteria were Gram positive bacteria, and 27.3% (n=6) were Gram negative 
bacteria. � e most common species were; Cutibacterium (22.7%, n=5), Actinomyces (18.3%, n=4), Prevotella (13.7%, n=3), Bacteroides (9.1%, n=2), Anaerococcus (9.1%, n=2), 
Clostridium species (9.1%, n=2). � e antibiotic susceptibilities of all anaerobic bacteria were as following; moxi� oxacin (95.5%, n=21), piperacillin-tazobactam (95.5%, n=21), 
amoxicillin-clavulanic acid (95.5%, n=21), cefoxitin (90.9%, n=20), meropenem (90.9%, n=20), clindamycin (77.3%, n=16), ampicillin (59.1%, n=13), and metronidazole (22.7%, 
n=5), respectively. � e susceptibility rates of Gram positive bacilli were 91.7% (n=11) for ampicillin, amoxicillin-clavulanic acid, piperacillin-tazobactam, cefoxitin, moxi� oxacin, 
meropenem, and 75% (n=9) for clindamycin. In Gram positive cocci, susceptibility to ampicillin was 50% (n=2), susceptibility to amoxicillin-clavulanic acid, piperacillin-tazobactam, 
cefoxitin, clindamycin, moxi� oxacin were 100% (n=4), and to meropenem was 75% (n=3). � e susceptibility rates for Gram-negative bacilli were 0.0% (n=0) for ampicillin, 100% 
(n=6) for amoxicillin-clavulanic acid, piperacillin-tazobactam, moxi� oxacin, meropenem, 83.3% (n=5) for metronidazole, 66.7% (n=4) for cefoxitin, and 50% (n=3) for clindamycin.

Conclusion In our study, it was observed that the sensitivity rates for especially, metronidazole and ampicillin were low among anaerobic bacteria. � e resistance profile of many anaerobic bacteria 
has changed significantly over the past decade, making the antimicrobial susceptibility of anaerobic bacteria unpredictable. For this reason, revealing and documenting local data on 
this subject at regular intervals will constitute an important reference for both empirical treatment, public health, and surveillance studies.
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Özet

Amaç Bu çalışmada, çeşitli klinik örneklerden izole edilen anaerop bakterilerin tanımlanması ve gradiyent yöntemi (E-test) ile antibiyotik dirençlerinin belirlenmesi amaçlandı.

Gereç ve 
Yöntem

Çalışma, 15 Ocak - 1 Kasım 2021 tarihlerinde gerçekleştirildi. 863 örneğin 213’ü çalışmaya dahil edildi. Anaerop suşlar konvansiyonel yöntemlerle izole edildi ve otomatize sistemle tanımlandı. Antibiyotik 
duyarlılıkları Clinical and Laboratory Standards Institute (CLSI) kriterlerine göre gradiyent yöntemi ile belirlendi.

Bulgular Örneklerin %10,3’ünde (n=22) anaerop bakteri, %34,8’inde (n=74) aerop/fakültatif anaerop bakteri tespit edilirken, %54,9’unda (n=117) üreme görülmedi. Örneklerin %76,9’u (n=164) apse materya-
liydi. Anaerop bakterilerin %72,7’si (n=16) Gram pozitif bakteri, %27,3’ü (n=6) Gram negatif basildi. En yaygın türler; Cutibacterium (%22,7; n=5), Actinomyces (%18,3; n=4), Prevotella (%13,7; n=3), 
Bacteroides (%9,1; n=2), Anaerococcus (%9,1; n=2), Clostridium türleri (%9,1; n=2) idi. Sırasıyla, tüm anaerop bakterilerin antibiyotik duyarlılıkları; moksi� oksasin (%95,5; n=21), piperasilin-tazobak-
tam (%95,5, n=21), amoksisilin-klavulonik asit (%95,5; n=21), sefoksitin (%90,9; n=20), meropenem (%90,9; n=20) klindamisin (%77,3; n=16), ampisilin (%59,1; n=13) ve metronidazol (%22,7; n=5) 
idi. Gram pozitif basillerin duyarlılık oranları ampisilin, amoksisillin-klavulanik asit, piperasilin-tazobaktam, sefoksitine, moksi� oksasin, meropenem için %91,7 (n=11), klindamisin için %75’di (n=9). 
Gram pozitif koklarda ampisiline duyarlılık %50 (n=2), amoksisillin-klavulanik asit, piperasilin-tazobaktam, sefoksitin, klindamisin, moksi� oksasine duyarlılık %100 (n=4) iken, meropeneme duyarlılık 
%75’di (n=3). Gram negatif basillerde duyarlılık oranları ampisilin %0,0 (n=0), amoksisillin-klavulanik asit, piperasilin-tazobaktam, moksi� oksasin, meropenem için %100 (n=6), metronidazol %83,3 
(n=5), sefoksitin için %66,7 (n=4) ve klindamisin için %50 (n=3) idi. 

Sonuç Çalışmamızda anaerop bakterilerde özellikle metronidazol ve ampisilin için duyarlılık oranlarının düşük olduğu gözlemlendi. Birçok anaerop bakterinin direnç profilinin, son on yılda önemli ölçüde 
değişmesi, anaerop bakterilerin antimikrobiyal duyarlılıklarını fazla tahmin edilemez hale getirmiştir. Bu sebeple bu konudaki lokal verilerin belli aralıklarla ortaya çıkarılması ve dökümante edilmesi 
hem ampirik tedavinin şekillenmesi, hem halk sağlığı, hem de surveyans çalışmaları için önemli bir referans oluşturacaktır.

Anahtar 
Kelimeler

Anaerop, Cutibacterium spp., antibiyotik konsantrasyon gradiyent yöntemi, E-test, metronidazol.
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INTRODUCTION
Anaerobic bacteria are commensal in the microbiota of 
di� erent parts of the human body such as the gastrointesti-
nal tract, genital tract and mouth. � ese microorganisms, 
which do not cause infection under normal conditions, 
can become pathogenic as a result of translocation of bac-
teria due to disruption of tissue integrity or overgrowth 
due to impaired blood circulation and decreased oxygena-
tion. Following the identi� cation of pathogenic anaerobic 
bacteria in the mid-19th century, anaerobes could be over-
looked because it was technically di�  cult to obtain pure 
cultures of microorganisms. � e use of inadequate anaero-
bic incubation techniques o� en only allowed the isolation 
of the most common anaerobic pathogens, members of 
the Bacteroides fragilis group or Clostridium perfringens, 
known as ‘moderate’ anaerobes, which survive at oxygen 
levels of 2-8%.1-2 � is may allow microbiologists to consid-
er anaerobic culture techniques to be completely adequate 
because they can regularly isolate ‘anaerobes’. Accurate and 
practical identi� cation of anaerobic bacteria at the species 
level is challenging because it requires speed and precision 
at every stage, from the selection of the appropriate sam-
ple type, to sample collection, transfer to the laboratory 
and diagnostic procedures. Nowadays, there are a variety 
of commercial kits, specialized media and instruments for 
the isolation, typing and antimicrobial susceptibility test-
ing of many anaerobic bacteria in microbiology laborato-
ries.1-4

� e resistance pro� le of anaerobic bacteria has changed 
signi� cantly in the last decade, both within and between 
countries. � is makes it di�  cult to predict the antimicro-
bial susceptibility of anaerobic bacteria.5 � erefore, pe-
riodically collecting and documenting local data on this 
subject is an important reference for shaping empirical 
treatment, public health and surveillance studies. Accord-
ing to the international guidelines, antimicrobial suscep-
tibility testing (AST) of anaerobic bacteria is very expen-
sive, time-consuming and requires experienced laboratory 
personnel, and therefore cannot be performed for every 

isolate in routine laboratories. According to the interna-
tional guidelines, the use of the disk di� usion method for 
AST of anaerobic bacteria is not recommended. � e agar 
dilution method is currently the gold standard for AST of 
anaerobic bacteria. Standard broth microdilution meth-
od is di�  cult to standardize as there is no homogeneous 
growth of anaerobic bacteria except Bacteroides spp..6 An-
timicrobial concentration gradient method (E-test) is the 
most commonly used test for anaerobic AST in routine 
laboratories. Minimum inhibition concentration (MIC) 
values obtained by the E-test are considered reliable and 
correlate well with the reference method.3,7

In this study, we aimed to identify anaerobic bacteria iso-
lated from various clinical specimens of patients with sus-
pected anaerobic infection at species level, and to deter-
mine their antibiotic resistance pro� les by antimicrobial 
concentration gradient method E-test (BioMerieux Inc, 
Marcy L’Etoile, France).

MATERIALS and METHODS
� is is a prospective descriptive study conducted between 
January 15 and November 1, 2021 with the approval of the 
Cukurova University Faculty of Medicine Non-Interven-
tional Clinical Research Ethics Committee (TTU-2020-
13333).

� e study included clinical specimens such as tissues, as-
pirates, blood and other body � uids taken from the rele-
vant foci of patients with suspected anaerobic infections 
such as diabetic foot ulcers, head and neck infections, 
breast abscess, brain abscess, psoas abscess, osteomyelitis, 
bacteremia, peritonitis in various clinics of Cukurova Uni-
versity Faculty of Medicine Balcalı Hospital. A total of the 
863 clinical specimens sent to the microbiology laborato-
ry, specimens that were not taken under sterile conditions, 
specimens that were not sent to the laboratory immedi-
ately a� er collection, specimens with missing patient in-
formation, specimens that were not suitable for anaerobic 
culture such as sputum, tracheal aspirate, bronchoalveolar 
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lavage, stool, midstream urine, skin swab specimens taken 
from body parts in contact with air were excluded (n=650) 
from the study. Abscess and body � uid samples were as-
pirated with a syringe, and tissue samples were taken in 
sterile saline in sterile small containers, and transported to 
the Microbiology Laboratory within 20 minutes without 
any delay. � e samples were examined macroscopically for 
the presence of purulent, bloody mucus, foul odor and sul-
fur granules, and microscopically for the presence of pol-
ymorphonuclear leukocytes, pleomorphic staining, and 
spore formation by Gram staining and Giemsa staining.
 
For simultaneous anaerobic and aerobic cultures of the 
samples, 5% sheep blood Columbia Agar, Chocolate Agar 
PolyVitex, 5% sheep blood Schaedler agar, 5% sheep blood 
Schaedler Kanamycin Vancomycin Agar were used, and 
thioglycolate broth containing resazurin was used as en-
richment media in the absence of growth (all media by 
BioMerieux Inc, Marcy L’Etoile, France). � e seeded plates 
were placed in a 2.5 L anaerobic jar with Gas-Pak (GEN-
boxanaer, BioMerieux Inc, Marcy L’Etoile, France) kit and 
an anaerobic medium indicator (Merck KGaA, Germany), 
and incubated at 35-37 °C for 48-72 hours. When the color 
of the indicator strip changed from blue to white, anaer-
obic environment was considered to be achieved. If no 
color change was observed on the strip within 1-2 hours, 
the procedures were repeated. A� er 48-72 hours of incu-
bation, aerobic and anaerobic growths were examined and 
compared macroscopically, and evaluated microscopically 
by Gram staining. If colonies with the same morphologic 
structure grew in both media, facultative anaerobic bac-
teria were determined. When growth occurred only in 
anaerobic media, colonies were subjected to aerotolerance 
test.2 When anaerobic growth was observed in the test, the 
bacterium was considered obligate anaerobe. For identi-
� cation, the automated diagnostic system VITEK 2 (Bi-
oMerieux Inc, Marcy L’Etoile, France) was used together 
with staining characteristics, morphology, susceptibility to 
colistin (10 µg), kanamycin (1000 µg) and vancomycin (5 
µg) discs (Bioanalyse Inc., Ankara, Turkey).

Susceptibility tests of anaerobic bacteria identi� ed at spe-
cies level against ampicillin, amoxicillin clavulonic acid, 
piperacillin tazobactam, cefoxitin, meropenem, clinda-
mycin, metronidazole, and moxi� oxacin were performed 
using the antimicrobial concentration gradient method 
E-test (BioMerieux Inc, Marcy L’Etoile, France) with Bru-
cella Blood Agar (BioMerieux Inc, Marcy L’Etoile, France) 
as media, and incubated at 35°C for 48 hours in an an-
aerobic atmosphere. All isolated and identi� ed anaerobic 
bacteria were tested for beta-lactamase production by 
chromogenic Nitroce� n disk (Bioanalyse Inc., Ankara, 
Turkey). Bacteroides fragilis ATCC 25285 and Clostridi-
um di�  cile ATCC 700057 standard strains were used as 
quality control strains. Antimicrobial susceptibility test-
ing was interpreted according to the clinical breakpoints 
recommended by the Clinical and Laboratory Standards 
Institute (CLSI, 2012).8

RESULTS
Anaerobic bacteria were isolated in 10.3% (n=22) of 213 
clinical samples cultured (Table 1). Of these, 17 (7.98%) 
grew as pure anaerobic bacteria and 5 (2.3%) as mixed 
with aerobic bacteria. Aerobic/facultative anaerobic bac-
teria growth was detected in 34.8% (n=74) of the cultures, 
including Staphylococcus spp. in 32, Escherichia coli in 
19, Klebsiella spp. in 11, Streptococcus spp. in � ve, Pseu-
domonas spp. in three, Enterobacter spp. in three and En-
terococcus spp. in one. No growth was observed in 54.9% 
(n=117) of the cultures. 

� e clinical samples from which anaerobic bacteria were 
isolated were abscess (n=11, 50%), blood (n=7, 31.8%), 
pleural � uid (n=2, 9.2%), cornea (n=1, 4.5%) and cere-
brospinal � uid (n=1, 4.5%). Of the 5 samples with mixed 
growth, 4 were abscess samples and the associated aerobic 
bacteria were Escherichia coli (n=2), Proteus mirabilis in 
one sample, Staphylococcus epidermidis in one sample 
and Enterococcus avium in one sample.

Among the patients with anaerobic bacterial infection, 
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54.5% (n=12) were male and 45.5% (n=10) were female. 
Of these patients, 9% (n=2) were in the age group of 18 
years and younger, 77.2% (n=17) were between 18-60 
years, and 13.6% (n=3) were 60 years and older.

Table 1. Type of the clinical specimens and distribution of the 
isolated bacteria.

Sample 
type

Number of 
samples
(n*, %) 

Number 
of samples 
which only 
anaerobic 
bacteria 

were 
isolated 
(n, %)

Number 
of samples 

which 
aerobic/

facultative 
anaerobic 
bacteria 

were 
isolated 
(n, %)

Number 
of samples 

with 
mixed 
growth 
 (n, %) 

Abscess 164 (76.9) 7 (4.27) 58 (35.36) 4 (2.44) 

Blood 10 (4.7) 7 (70) 2 (20) None

Pleural 
� uid 12 (5.6) 2 (16.67) 8 (66.67) None

Peritoneal 
� uid 7 (3.3) None 5 (71.43) None

Cornea 16 (7.6) 1 (6.25) 1 (6.25) None

CSF** 1 (0.5) None None 1 (100) 

Pericardial 
� uid 3 (1.4) None None None

Total 213 (100) 17 (7.98) 74 (34.74) 5 (2.35) 

 * Number of patients
 **CSF; Cerebrospinal � uid

Of the anaerobic bacterial isolates, 6 were Gram nega-
tive bacilli (27.3%) and 16 were Gram positive (72.7%), 
of which 12 were bacillus (54.54%) and 4 were cocci 
(18.18%). � e most common anaerobes isolated were 
Propionibacterium/Cutibacterium species (22.7%, n=5), 
followed by Actinomyces species (18.3%, n=4), Prevotel-
la species (13.7%, n=3), Bacteroides species (9.1%, n=2), 
Anaerococcus species (9.1%, n=2), Clostridium species 
(9.1%, n=2), Fusobacterium species (4.5%, n=1), Lactoba-
cillus species (4.5%, n=1), Parvimonas micra (4.5%, n=1) 
and Peptoniphilus assacharolyticus (4.5%, n=1).

� e β-lactamase positivity was detected in 4 of the anaero-
bic bacteria isolated (4/22, 18.2%). Two of the β-lactamase 
positive bacteria were Prevotella spp., one was Anaerococ-

cus spp. and the other was Bacteroides spp (Table 2). An-
timicrobial susceptibility pro� les of the isolated anaerobic 
bacteria are summarized in Table 2. � e most active an-
timicrobials were moxi� oxacin (95.5%, n=21), piperacil-
lin-tazobactam (95.5%, n=21) and amoxicillin-clavulonic 
acid (95.5%, n=21), followed by cefoxitin (90.9%, n=20), 
meropenem (90.9%, n=20), clindamycin (77.3%, n=16), 
ampicillin (59.1%, n=13) and metronidazole (22.7%, n=5).
� e susceptibilities of anaerobes to ampicillin were 91.7% 
(n=11) for Gram positive bacilli and 50% (n=2) for Gram 
positive cocci, while resistance was observed in all anaero-
bic Gram negative bacilli. For amoxicillin-clavulanic acid 
and piperacillin-tazobactam, anaerobic Gram positive 
bacilli showed 91.7% (n=11), Gram positive cocci 100% 
(n=4) and Gram negative bacteria 100% (n=6) susceptibil-
ity. � e 91.7% (n=11) of anaerobic Gram positive bacilli, 
100% (n=4) of Gram positive cocci and 66.7% (n=4) of 
Gram negative bacteria were susceptible to cefoxitin, while 
33.3% (n=2) of Gram negative bacteria were moderately 
susceptible. � e 75% (n=9) of anaerobic Gram positive ba-
cilli, 100% (n=4) of Gram positive cocci and 50% (n=3) 
of anaerobic Gram negative bacilli were sensitive to clin-
damycin. While 83.3% (n=5) of anaerobic Gram negative 
bacilli were susceptible to metronidazole, 100% (n=16) 
resistance was observed in anaerobic Gram positive bacte-
ria. Susceptibility to moxi� oxacin was 91.7% (n=11) in an-
aerobic Gram positive bacilli and 100% in Gram positive 
cocci and Gram negative bacteria (n=10). Susceptibility to 
meropenem was 91.7% in anaerobic Gram positive bacil-
li, 75% (n=11) in Gram positive cocci and 100% (n=6) in 
Gram negative bacilli.
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 Table 2. Antimicrobial susceptibility pro� les and β-lactamase test results of isolated anaerobic bacteria.

Isolated bacteria 
(Isolation number)

A
m
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(µ
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ci
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n-
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-
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 (µ
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M
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(µ
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M
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(µ
g/

m
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C
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 (µ
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M
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 (µ
g/

m
L)

C
ef

ox
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n 
(µ

g/
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L)
 

β-
 la

ct
am

as
e 

MIC 
0.016-256 

µg/mL

MIC 
0.016-256 

µg/mL 

MIC 
0.016-256 

µg/mL 

MIC 
0.002-32 
µg/mL 

MIC 
0.016-256 

µg/mL 

MIC 
0.016-256 

µg/mL 

MIC  
0.002-32 
µg/mL 

MIC 
0.016-256 

µg/mL 

Gram positive anaerobes

Anaerococcus prevotii* (5) 8 
(R) 

1.5 
(S) 

1.5 
(S) 

>32 
(R) 

>256 
(R) 

0.25 
(S) 

1.5 
(S) 

16 
(S) -

Anaerococcus prevotii*  (43) 3 
(R) 

0.75 
(S) 

0.75 
(S) 

1.5 
(S) 

>256 
(R) 

0.125 
(S) 

0.125 
(S) 

12 
(S) +

Peptoniphilus asaccarolyticus (17) 0.023 
(S) 

0.032 
(S) 

0.032 
(S) 

0.012 
(S) 

>256 
(R) 

0.047 
(S) 

0.015 
(S) 

0.094 
(S) -

Parvimonas micra (208) 0.064 
(S) 

0.125 
(S) 

0.047 
(S) 

0.008 
(S) 

>256 
(R) 

0.064 
(S) 

0.125 
(S) 

4 
(S) -

Actinomyces naeslundii* (149) 0.032 
(S) 

0.023 
(S) 

0.123 
(S) 

0.004 
(S) 

>256 
(R) 

0.25 
(S) 

0.38 
(S) 

0.125 
(S) -

Actinomyces naeslundii* (190) 0.064 
(S) 

0.064 
(S) 

0.094 
(S) 

0.023 
(S) 

>256 
(R) 

>256 
(R) 

0.25 
(S) 

0.125 
(S) -

Actinomyces naeslundii* (27) 0.016 
(S) 

0.023 
(S) 

0.064 
(S) 

0.004 
(S) 

>256 
(R) 

0.047 
(S) 

0.125 
(S) 

0.032 
(S) -

Actinomyces naeslundii* (171) 0.032 
(S) 

0.023 
(S) 

0.064 
(S) 

0.032 
(S) 

>256 
(R) 

0.75 
(S) 

0.38 
(S) 

2 
(S) -

Cutibacterium  acnes* (195) 0.032 
(S) 

0.023 
(S) 

0.125 
(S)

0.016 
(S) 

>256 
(R) 

0.032 
(S) 

0.094 
(S) 

0.19 
(S) -

Cutibacterium  acnes* (73) 0.047 
(S) 

0.047 
(S) 

0.19 
(S) 

0.47 
(S) 

>256 
(R) 

0.064 
(S) 

0.125 
(S) 

0.19 
(S) -

Cutibacterium  acnes* (91) 0.047 
(S) 

0.032 
(S) 

0.125 
(S) 

0.008 
(S) 

>256 
(R) 

0.19 
(S) 

0.125 
(S) 

0.125 
(S) -

Cutibacterium  gronulosum* (11) 0.25 
(S) 

0.025 
(S) 

1 
(S) 

0.125 
(S) 

>256 
(R) 

>256 
(R) 

0.047 
(S) 

0.75 
(S) -

Cutibacterium  gronulosum* (84) 0.064 
(S) 

0.094 
(S) 

0.047 
(S) 

0.064 
(S) 

>256 
(R) 

0.032 
(S) 

0.064 
(S) 

0.19 
(S) -

Lactobacillus plantarum (103) 0.094 
(S) 

0.38 
(S) 

1 
(S) 

0.094 
(S) 

>256 
(R) 

0.016 
(S) 

1.5 
(S) 

>256 
(R) -

Clostridium group (142) 0.047 
(S) 

0.016 
(S) 

0.016 
(S) 

0.004 
(S) 

>256 
(R) 

0.023 
(S) 

0.094 
(S) 

0.047 
(S) -

Clostridium subterminale (211) >256 
(R) 

>256 
(R) 

>256 
(R) 

>32 
(R) 

>256 
(R) 

>256 
(R) 

>32 
(R) 

>256 
(R) -

Gram negative anaerobes

Bacteroides fragilis (32) 4 
(R) 

0.19 
(S) 

0.5 
(S) 

0.094 
(S) 

1 
(S) 

1 
(S) 

0.125 
(S) 

12 
(S) -

Bacteroides thetaiotamicron (61) >256 
(R) 

4 
(S) 

16 
(S) 

0.38 
(S) 

0.38 
(S) 

2 
(S) 

1 
(S) 

24 
(I) +

Fusobacterium necrophorum (127) >256 
(R) 

0.125 
(S) 

0.094 
(S) 

0.032 
(S) 

>256 
(R) 

>256 
(R) 

0.016 
(S) 

0.047 
(S) -

Prevotella bivia (205) >256 
(R) 

4 
(S) 

8 
(S) 

0.125 
(S) 

0.25 
(S) 

>256 
(R) 

0.75 
(S) 

16 
(S) +

Prevotelle buccae (199) >256 
(R) 

0.75 
(S) 

0.5 
(S) 

0.023 
(S) 

0.125 
(S) 

>256 
(R) 

0.019 
(S) 

0.5 
(S) +

Prevotelle oralis (74) 12 
(R) 

0.19 
(S) 

8 
(S) 

0.125 
(S) 

0.19 
(S) 

1.5 
(S) 

0.5 
(S)

24 
(I) -

 S: Sensitive, I: Moderately sensitive, R: Resistant, n: Number of patients, MIC: Minimum inhibitory concentration
*� e same isolates were listed separately in the table, as their antibiotic susceptibilities were di� erent. 
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DISCUSSION
Anaerobic bacteria constitute an important part of the hu-
man microbiome. � ey play an important role in various 
infections such as central nervous system, intraabdominal 
and foreign body infections, especially in polymicrobial 
infections.9-11 Previous studies have shown that anaerobic 
bacteria isolated and their antimicrobial susceptibilities 
vary depending on the type of infection and hospital.12-14 
� is situation shows the importance of local and national 
data in this regard.

Bacteroides, Prevotella, Propionibacterium/Cutibacteri-
um species and Gram positive cocci are among the most 
frequently isolated anaerobic bacteria from clinical speci-
mens.11 In our study, pure anaerobic bacteria were isolated 
in 7.98% of 213 clinical specimens sent with the suspicion 
of anaerobic infection and cultured, of which 72.72% were 
Gram positive and 27.27% were Gram negative bacteria. 
� e most frequently isolated anaerobic bacteria were Cuti-
bacterium species (22.7%), Actinomyces species (18.1%) 
and Prevotella species (13.6%). In a few studies on anaer-
obic bacteria in our country, di� erent rates of growth were 
found. In a study conducted in Afyon, a total of 4% an-
aerobic agents were reported in 5535 clinical samples sent 
for anaerobic culture in the three-year period between 
2015-2017, of which 68% were Gram negative and 32% 
were Gram positive, and Propionibacterium/Cutibacteri-
um acnes, Actinomyces spp and Clostridium spp. were the 
most common isolates.15 In a study conducted in Diyar-
bakır, anaerobic bacteria were isolated from 73 (19.8%) of 
368 clinical specimens; in 50 (13.6%) of these specimens, 
only anaerobic bacteria were isolated, and in 23 (6.3%) of 
these specimens, anaerobic bacteria as well as aerobic/fac-
ultative anaerobic agents were isolated.16 In another study 
conducted in Konya, a total of 22 anaerobic bacteria were 
isolated from 14 of 100 clinical samples. In seven of these 
specimens, more than one anaerobic bacteria were found 
at the same time, while in eight samples anaerobic and fac-
ultative anaerobic bacteria were reported to grow together. 
� e most frequently isolated bacteria were reported to be 

Bacteroides fragilis and Peptostreptococcus spp. And it 
was reorted that the two of six Bacteroides fragilis isolates 
were found to produce beta-lactamase enzyme, while the 
presence of beta-lactamase was not detected in other an-
aerobic strains.17 In a study conducted in Sivas, no growth 
was observed in 409 (75.3%) of the samples, while various 
anaerobic bacteria were isolated in 134 samples (24.6%). 
And it was reported that Bacteroides spp. (29.9%), Pep-
topstreptococcus spp. (23.1%) and Propniobacterium spp. 
(20.2%) were the most common ones among the anaer-
obic bacteria isolated.18 � e reason why Bacteroides spp. 
were found to be the most common causative agent in the 
Konya and Sivas studies may be related to the higher num-
ber of intraabdominal samples. In a study conducted in 
Diyarbakır, Cutibacterium spp. were the most frequently 
isolated anaerobic bacteria in accordance with our study.19 
In a study conducted in Bulgaria, it was reported that Pre-
votella spp. were the most frequently isolated bacteria in 
abscess samples (22%).20 � ese di� erences may be caused 
by the geographical location, age and other demographic 
characteristics of the patients, sample types and isolation 
methods.

In this study, anaerobic bacteria were mostly isolated from 
abscess materials. Of the cultured samples, 164 (77%) were 
abscesses, followed by blood (31.8%) and pleural � uid 
samples (9.1%). In other studies in which anaerobic bac-
teria were isolated, abscess specimens were reported most 
frequently, which is consistent with our study.17-19,21

It was previously reported that the antimicrobial resistance 
rates were increasing in anaerobic bacteria, which a� ected 
both treatment costs and mortality rates. And attention 
was drawn that regional susceptibility pro� les were impor-
tant in determining the empirical treatment of anaerobic 
infections.11,22 In our study, 78% of the anaerobic bacteria 
for which AST was performed were resistant to metroni-
dazole. And the resistance was mainly observed in Gram 
positive anaerobic bacteria (100%). � is is indicative of 
intrinsic resistance found in most non-spore-forming 
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Gram positive anaerobic bacilli, especially Actinomyces, 
Propionibacterium/Cutibacterium and Lactobacillus spe-
cies. Metronidazole showed good activity against most 
Gram negative bacilli (83.3%). In various countries of 
the world, metronidazole resistance rates of anaerobic 
bacteria have been reported in a wide and varied range, 
ranging between 1-58.3% in Gram positive and 1-50% in 
Gram negative bacilli.11,21-22,23-26 Metronidazole resistance 
was reported as 96.2% for anaerobic Gram positive bacilli, 
61.1% for Gram positive cocci and 33.3% for Gram nega-
tive bacilli in Diyarbakır, 0% for anaerobic Gram negative 
bacteria in Afyon and 94.9% for anaerobic Gram positive 
bacilli in Van.15-16,27 In our study, the ampicillin resistance 
rate of anaerobic isolates that underwent AST was 40.9%, 
resistance was detected in 18.75% in Gram positive (8.3% 
in bacilli, 50% in cocci) and 100% in Gram negative iso-
lates. In a study conducted in Malaysia, it was reported 
that the resistance rate of anaerobic Gram positive bac-
teria to ampicillin was 23.3% and that of Gram negative 
bacteria was 33.3%.25 In various studies, penicillin resist-
ance rates of anaerobic bacteria were reported as 30.8% in 
Gram positive bacilli, 19-50% in Gram positive cocci and 
33.3-78.57% in Gram negative bacilli.15-16,21,23,26 In almost 
all the studies, amoxicillin-clavulanic acid and piperacil-
lin-tazobactam were reported to be the most susceptible 
antibiotics against anaerobic bacteria, consistent with our 
� ndings.15,21,22,26,28 In this study, resistance to cefoxitin was 
found in 9.1%. � e 12.5% of anaerobic Gram positive bac-
teria (bacilli 8.3%, cocci 0.0%) and 33.3% of Gram neg-
ative bacteria were resistant to cefoxitin. When domestic 
and foreign studies were analyzed, cefoxitin resistance was 
detected at quite di� erent rates (3%-89%) in this bacterial 
group.15-16,23,26,29-30 Variations in clindamycin susceptibility 
were also observed in the studies. In our study, clindamy-
cin resistance was detected in 22.7%. � e 18.7% of Gram 
positive bacteria (bacilli 25%, cocci 0.0%) and 50% of 
Gram negative bacilli were resistant to clindamycin. While 
these results were consistent with some studies,23,26,28 our 
results were higher than the results of some other stud-
ies.20,24 For example, in the study conducted in Bulgaria, 

which included mainly odontogenic abscess samples, Acti-
omyces spp. was most frequently isolated as Gram positive 
bacteria and Prevotella spp. as Gram negative bacteria, and 
resistance rates were tested by the agar dilution method. 
� e resistance rates of isolates to clindamycin (2-3%) were 
signi� cantly lower than this study.20 � e antimicrobial re-
sistance pro� les vary depending on geographical location, 
hospital centers, national antibiotic consumption, antimi-
crobials used for empirical therapy, diagnostic methods, 
bacterial species and sample types.7,12

 
In our study, susceptibility rates of anaerobic Gram posi-
tive bacteria were generally higher than those of Gram neg-
ative bacteria. � e resistance to moxi� oxacin was found at 
a rate of 4.5%. In addition, resistance was detected in 6.2% 
of Gram positives (8.3% of bacilli, 0.0% of cocci), while all 
Gram negatives were found to be susceptible to moxi� oxa-
cin. In contrast to this study, the studies conducted abroad, 
reported higher rates of resistance to moxi� oxacin.21,22-24,31 
In a study conducted in Afyon, it was reported that no re-
sistance to moxi� oxacin was observed in Gram negative 
anaerobic bacteria in accordance with our results.15 In this 
study, meropenem resistance of anaerobic bacteria was 
found to be 9.1%. It was found that 12.5% of Gram pos-
itive bacteria (bacilli 8.3%, cocci 25%) were resistant, and 
all Gram negative bacteria were susceptible. � ese results 
were compatible with the previous reports.15,22-23,31

Our study has some limitations. � e molecular mechanism 
of resistance to antianaerobic drugs, risk factors that may 
cause resistance and their relationship with mortality have 
not been investigated. To understand the impact of anti-
microbial resistance on patients and public health, it may 
be important to study the evolution and consequences of 
antimicrobial resistance in anaerobic bacteria together.

CONCLUSION
In our study, low susceptibility rates were observed espe-
cially for metronidazole and ampicillin in anaerobic bacte-
ria. In particular, an alarming resistance rates of 77.3% to 
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metronidazole and 40.9% to ampicillin were detected. Due 
to the emergence of drug resistance in anaerobes, it would 
be useful to investigate newer and alternative options for 
patient management. It is time for susceptibility testing of 
anaerobic bacteria to become a routine service in micro-
biology laboratories. � e data of this study can serve as a 
reference for monitoring resistance and determining em-
pirical treatment, and can be used for periodic monitoring 
of resistance trends in surveillance studies.
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