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ABSTRACT

Objective: Although anaerobic bacteria are normal microbiota
members in humans, they can cause endogenous and exoge-
nous infections. The empirical treatment of anaerobic infections
is based on reports of susceptibility patterns reported in various
studies. This study aims to identify the anaerobic bacteria isolat-
ed from clinical samples in 2018 and to determine the resistance
of anaerobic Gram-negative rods to antibiotics and to compare
the results obtained with the results of anaerobic Gram-negative
rods isolated between 2015 and 2017 in the same unit in this
study.

Material and Method: Specimens were inoculated on Schaedler
Agar and Cooked Meat Broth and incubated in anaerobic con-
ditions. Bacteria were identified by colony morphologies, con-
ventional tests and anaerobic diagnostic discs. Antibiotic sus-
ceptibility tests were performed using the concentration gradient
method and evaluated according to the criteria of CLSI.

Results: Of the 1630 clinical samples sent for anaerobic culture,
41 (2.5%) anaerobic bacteria were isolated. Most of the bacteria
were isolated from the Department of Gynecology and Obstet-
rics (29%), Otorhinolaryngology (29%) clinics and mostly abscess
specimens (49%). Seventy-one percent of the isolated anaerobic
bacteria were Gram-negative and 29% Gram-positive bacteria.
The most frequently isolated anaerobic bacteria were Bacteroi-
des fragilis group (24%) and Prevotella spp (22%). Clindamycin re-
sistance was quite high and there was no carbapenem resistance
in anaerobic Gram-negative rods, but one third of the isolates
were resistant to amoxicillin+clavulanic acid.

Conclusion: It was remarkable that more than half of the isolated
anaerobic Gram-negative rods, especially the B. fragilis group,

OZET

Amag: Anaerop bakteriler, insanda normal mikrobiyota Uyesi ol-
makla birlikte endojen ve ekzojen enfeksiyonlara neden olabil-
mektedir. Anaerobik enfeksiyonlarin ampirik tedavisi, cesitli aras-
tirmalarda bildirilen duyarlilik paterni raporlarina dayanmaktadir.
Bu calismada, 2018 yilinda klinik 6rneklerden izole edilen anae-
rop bakterilerin tanimlanarak anaerop Gram-negatif comaklarin
antibiyotiklere diren¢ durumlarinin belirlenmesi ve elde edilen
sonuclarin ayni birimde 2015-2017 yillar arasinda izole edilen
anaerop Gram-negatif comaklara ait sonuglarla karsilastirimasi
amaglanmigtir.

Gereg ve Yéntem: Klinik drnekler Schaedler agar ve kiymali
buyyon besiyerlerine ekilerek anaerop ortam saglayici ile birlikte
anaerop ortamda inklbe edilmistir. Bakteri tanimlamasi koloni
morfolojisi, konvansiyonel testler ve anaerop tani diskleri ile ya-
pilmistir. Antibiyotik duyarlilik deneyleri, konsantrasyon gradiyent
yontemi kullanilarak gerceklestirilmis ve CLSI kriterlerine gére
degerlendirilmistir.

Bulgular: Anaerop kiltir icin génderilen 1630 klinik érnekten
41 (%2,5) anaerop bakteri izole edilmistir. Anaerop bakteri izo-
le edilen dreklerin en ¢cok Kadin Hastaliklari ve Dogum Klinigi
(%29) ve Kulak-Burun-Bogaz (%29) kliniklerinden ve en fazla abse
(%49) 6rneklerinden izole edildigi belirlenmistir. izole edilen ana-
erop bakterilerin %71'inin Gram-negatif, %29'unun Gram-pozitif
bakteriler oldugu, en sik izole edilen anaerop bakterilerin Bac-
teroides fragilis grubu (%24) ve Prevotella cinsi (%22) bakteriler
oldugu bulunmustur. Klindamisin direncinin oldukga yiksek ol-
dugu, anaerop Gram-negatif comaklarda karbapenem direncinin
olmadigi, ancak suslarin Ggte birinin amoksisilin+klavulanik asite
direncli oldugu bulunmustur.
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were resistant to clindamycin and about a third of amoxicillin+
clavulanate. Increased resistance to these antibiotics used em-
pirically in the treatment of infections caused by anaerobic
Gram-negative rods is anticipated to limit antibiotic treatment
regimens in the future. Routine monitoring of resistance is neces-
sary for proper empirical treatment.

Keywords: Anaerobic bacteria, antibiotic resistance

Sonug: Ozellikle B. fragilis grubunda olmak iizere, izole edilen
anaerop Gram-negatif ¢comaklarin yarisindan fazlasinin klinda-
misine ve yaklasik lgte birinin amoksisilin+klavulanata direncli
olmasi dikkat cekicidir. Ampirik olarak kullanilan antibiyotiklere
karsi artan direncin, gelecekteki antibiyotik tedavi rejimlerini kisit-
layacagi tahmin edilmektedir. Uygun ampirik tedavi icin direncin
rutin olarak izlenmesi gereklidir.

Anahtar Kelimeler: Anaerop bakteri, antibiyotik direnci

INTRODUCTION

Anaerobic bacteria, which are located in the majority of
body surfaces and in the mucous membranes, are the
important members of the human normal microbiota.
These bacteria are mainly found on the skin, mouth, gas-
trointestinal system, and female genital system. Anaer-
obic bacteria cause endogenous infections when they
increase in number in the region where they are found as
normal microbiota or when they reach the sterile regions,
and exogenous infections by entering into the body by
accidents or traumas. Anaerobic bacteria may cause
various infections in the sterile regions, such as wound
infections, bacteremia, osteomyelitis, intra-abdominal
infections, endophthalmitis, gas gangrene, or tooth and
mouth infections, when the host's defense is weakened.
They generally cause polymicrobial infections together
with aerobic bacteria (1-3).

Treatment of polymicrobial anaerobic infections is gen-
erally performed by antibiotic treatment together with
surgical drainage. Because most anaerobic infections are
mixed infections, so antibiotics which are effective for
both aerobic and anaerobic organisms must be used in
treatment. Although clindamycin and metronidazole are
known as the most effective drugs in the treatment of an-
aerobic infections, resistance to these drugs has devel-
oped in recent years. The alternative options are cefoxi-
tin, beta lactam-beta lactamase inhibitors, carbapenems,
and tigecycline (4, 5).

Identification of anaerobic bacteria and antibiotic sus-
ceptibility testing cannot be performed in most micro-
biology laboratories due to various reasons including
technical difficulties, and empirical treatment of anaer-
obic infections were based on the susceptibility pattern
reports of various research (). Researchers have recently
reported that antibiotic resistance is increasing rapidly in
anaerobic bacteria as well as in aerobic bacteria (6, 7).
In this study we aimed to identify the anaerobic bacteria
isolated from clinical samples in 2018, to determine the
resistance of anaerobic Gram-negative rods to antibiot-
ics, and to compare our findings the susceptibility results
of anaerobic Gram-negative rods isolated in the same
unit between 2015 and 2017.

MATERIAL AND METHOD

We evaluated the anaerobic bacteria isolated from var-
ious samples (abscess, tissue, pleural fluid, peritoneal
fluid, etc.) in our laboratory in 2018 and the resistance
of anaerobic Gram-negative rods to antibiotics, then we
compared with the data of the anaerobic bacteria isolat-
ed between 2015-2017 in the same unit. For the anaer-
obic culture, the samples were inoculated on 5% sheep
blood Schaedler agar and cooked meat broth (Beckton
Dickinson, USA), and were incubated for 48-72h at 37°C in
an anaerobic jar with an anaerobic environment provider
(GasPak, Oxoid, UK). Following an aerotolerance test at
the end of the incubation period, the colonies reproduc-
ing in only anaerobic environments were identified as an-
aerobic bacteria. Identification of anaerobic bacteria was
performed with colony morphology, conventional tests,
and using the anaerobic diagnostic discs (An-ldent-disk,
Oxoid, UK) including kanamycin (1000 pg), colistin (10
pg), vancomycin (5 pg), penicillin (2 IU), erythromycin (60
pg), rifampicin (15 pg). Identifications were evaluated ac-
cording to the recommendations of the manufacturing
company and to scientific reference books (8). Bacterial
suspensions were adjusted to 1 McFarland turbidity for
antibiotic susceptibility tests and performed with a gradi-
ent test (E test, bioMerieux, France) on 5% sheep blood
Brucella agar including hemin (5 pg/mL), and Vitamin K1
(1 pg/mL), for amoxicillin+ clavulanate, imipenem, cefox-
itin, metronidazole, and clindamycin. Antibiotic suscepti-
bility test results were evaluated according to Clinical &
Laboratory Standards Institute(CLSI) criteria and the rec-
ommendations of the manufacturing company (%, 10, 38).

RESULTS

Forty-one anaerobic bacteria were isolated in 35 out of
1630 clinical samples (2.5 %) sent for anaerobic culture
to our laboratory in 2018. We found that the anaerobic
bacteria isolated samples were mostly submitted from
Gynecology and Obstetrics Clinic (29%), and Otorhi-
nolaryngology (29%) clinics, and the most of anaerobic
bacteria were isolated from abscess (49%) samples. Sev-
enty-one percent of the anaerobic bacteria isolated were
Gram-negative bacteria, and 29% were Gram-positive,
and most frequently isolated anaerobic bacteria were
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Bacteroides fragilis group (24%), and Prevotella species
(22%) (Table 1).

A total of 223 (4%) anaerobic bacteria were isolated from
143 (2.5%) clinical samples (n=5535) sent for anaerobic
culture in a three-year period between 2015-2017 (11).
One hundred sixty-one (72%) of these anaerobic bacteria
were isolated from abscess, biopsy and tissue samples,
46 (21%) were isolated from sterile body fluids, and 16
(7%) were isolated from blood samples in a three-year
period. Eighty percent of patients from whom anaerobic
bacteria were isolated from their clinical samples were
adults. A total of 223 anaerobic bacteria consisting of 152
(68%) Gram-negative, and 71 (32%) Gram-positive (35 an-
aerobic Gram-positive cocci, 36 anaerobic Gram-positive
rod) were isolated from the clinical samples of a total of
143 patients. Twelve of the anaerobic Gram-positive rods
were identified as Cutibacterium acnes, five were Actino-
myces spp, and three were identified as Clostridium spp.
(Table 1). Table 2 shows the antibiotic resistance rates of
anaerobic Gram-negative rods isolated between 2015-
2017, and in 2018.

DISCUSSION

Antimicrobial resistance has significantly increased in
most pathogenic anaerobic bacteria in the last 20-30
years. However, antibiotic susceptibility tests for anaer-
obic bacteria cannot always be performed in most mi-
crobiology laboratories, owing to difficulties in the iso-
lation of the anaerobic bacteria, lack of a standardised
susceptibility methods, lack of correlation between the
susceptibility test results and the clinical response. As a

result of these, the antimicrobial resistance issue has usu-
ally been ignored by the clinicians and microbiologists
due to necessity of immediate initiation of the empirical
treatment (3, 12, 13).

Obtaining data about the antibiotic susceptibility of
anaerobic bacteria is highly important for clinical labo-
ratories because the treatment of anaerobic infections
is usually performed empirically in the guidance of the
studies reporting susceptibility patterns (6). An increase
in morbidity, mortality, and hospitalization period occurs
if initial antibiotic treatment is not appropriate in severe
infections associated with anaerobic bacteria (3,12).

The Clinical and Laboratory Standards Institute (CLSI)
does not recommend the performing of routine antibi-
otic susceptibility testing in anaerobic bacteria, owing to
difficulties in susceptibility testings of anaerobic bacteria.
It recommends the performing of antibiotic susceptibility
testing in several conditions: in severe and life-threaten-
ing infections (bacteremia, endocarditis, brain abscess),
for isolates of the resistant species, for anaerobic bacte-
ria isolated from the sterile regions, in unresponsiveness
to empirical treatment, in cases that require long term
treatment, and in the isolation of high virulent bacteria
(Bacteroides spp, Prevotella spp, and Fusobacterium
spp) (9, 14). Researchers reported that routine suscepti-
bility tests were not performed because the anaerobic
Gram-positive cocci were generally sensitive to most of
the antibiotics (15). However, resistance to penicillin and
clindamycin has been reported as prevalent in anaerobic
Gram-positive cocci in recent years, and the most effec-

Table 1: Isolated anaerobic bacteria in the period 2015-2017 and in 2018.

Isolated anaerobic bacteria

Bacteroides fragilis group
Porphyromonas spp.

Prevotella spp.

Fusobacterium spp.

Other anaerobic Gram-negative rods
Anaerobic Gram-negative cocci
Peptococus niger

Other anaerobic Gram-positive cocci
Cutibacterium acnes

Clostridium spp.

Actinomyces spp.

Eubacterium spp.

Other anaerobic Gram-positive rods

Total

2015-2017 2018
n (%) n (%)
60 (26.9) 10 (24.4)
37 (16.6) 4(9.8)
36 (16.1) ?(22)
16 (7.2) 1(2.4)
3(1.3) 4(9.8)

- 1(2.4)
1(0.4) -
34 (15.2) 4(9.8)
11 (4.9
3(1.3) 1(2.4)
5(2.2) -
1(0.4) -
16(7.2) 5(12.2)
223 (100) 41 (100)
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Table 2: Resistance to antibiotics by years in isolated anaerobic Gram-negative rods (%).

Bacteria/Antibiotics

Bacteroides fragilis group 2015
Amoxicillin+Clavulanate 18
imipenem 0
Cefoxitin 33
Clindamycin 75
Metronidazole 6.2
Fusobacterium spp.

Amoxicillin+Clavulanate 20
imipenem 0
Cefoxitin 0
Clindamycin 44.4
Metronidazole 25
Porphyromonas spp.

Amoxicillin+Clavulanate 1.1
imipenem 12.5
Cefoxitin 0
Clindamycin 83,3
Metronidazole 1.1
Prevotella spp.

Amoxicillin+Clavulanate 20
imipenem

Cefoxitin

Clindamycin 40

Years
2016 2017 2018
18 21.4 30
4 0 0
- 46 10
47 50 87
9.5 - -
58 33.3 -
0 -
0 -
38 16.6 -
25 20 -
0 33
0 0
0 66
44.4 37.5 66
28.5 0 -
33
33.3 66.6 28

tive antibiotics in anaerobic Gram-positive rods were re-
ported as penicillin, and carbapenems (16).

The basic approach in the management of severe an-
aerobic infections is antibiotic treatment combined with
surgical intervention. As Bacteroides species constitute a
significant part of normal microbiota, control of the dis-
ease is highly difficult in infections resulting from the en-
dogenous dissemination of this organism. Antibiotic pro-
phylaxis might be required when these organisms reach
sterile regions, as a consequence of the deterioration
of the natural barriers of mucosal surfaces with medical
procedures. Almost all members of the B. fragilis group,
many Prevotella and Porphyromonas species, and some
Fusobacterium isolates produce the B-lactamase enzyme
which provides resistance to penicillin, and cephalospo-
rins. Moreover plasmid-mediated resistance to clindamy-
cin is common. Therefore the most effective antibiotics
for Gram-negative anaerobic rods are metronidazole,
carbapenems, and B-lactam- B-lactamase inhibitors (14,

17). Data concerning the resistance of anaerobic bacteria
are limited to studies from reference laboratories or inter-
national large companies, except the surveillance studies
in hospitals with good facilities, because in many cen-
ters susceptibility tests for anaerobic bacteria are rarely
performed. Although there are differences between the
regions, cities, and centers, in the studies performed in
countries with approved methods, common tendencies
may be detected, and tendencies affecting the empirical
antibiotic treatment recommendations occur. The antibi-
otic susceptibility of these agents cannot be guessed be-
fore testing because there is inadequate local or national
data for estimating the susceptibility due to the increased
resistance against clindamycin, and cefoxitin, particular-
ly in B. fragilis group (13, 14). Anaerobic bacteria had a
standard susceptibility pattern 30 years ago, however, the
efficacy of selected empirical treatment currently cannot
be anticipated. It is known that the clinicians generally do
not have adequate time for waiting for the results of an-
tibiotic susceptibility testing in anaerobic infections. The
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surveillance reports from Europe and the United States of
America (USA) showed that resistance against all classes
of antimicrobial agents has consistently been increasing,
and even some antibiotics are not effective at all (14). In
the paragraphs below, the resistance rates to antibiotics
of anaerobic bacteria isolated in our study are compared
with similar studies in the literature.

Metronidazole (5-nitroimidazole) is the first drug option,
which is highly effective for anaerobes. Although the
drug has been used since the 1940s, the resistance is rare,
though metronidazole resistant B. fragilis isolates have
recently been reported in 1-8% from different regions of
the world (3, 13). Metronidazole resistance is associated
with the nim genes which encode the production of a
different nitroreductase enzyme. Nim genes were sug-
gested to encode various homologous nitro imidazole
reductases that can directly convert 5-nitroimidazole to
inactive 5-aminoimidazole, and thus prevent the reduc-
tion of metronidazole to active nitro radical anion form
(24). 5-nitroimidazole is a prodrug, and must be reduced
by the intracellular transport protein ferredoxin after en-
try into the cell for its activation. Nitroimidazole reduc-
tases encoded by nim genes probably compete with this
reduction, and convert the nitro group of the prodrug to
an amin derivative that is not toxic for the bacteria (13).
While nine different nim genes (A-l) have been identified
so far, metronidazole resistance was also reported in iso-
lates that did not have the nim gene (3). Resistance not
associated with the nim gene was reported in a patient
with a history of excessive use of metronidazole, though
its mechanism is not completely known (13). The metro-
nidazole resistance gene is found both on the chromo-
some and plasmid, and most of them are transferable
(10). Metronidazole resistance was detected in 6-9% of
the B. fragilis group, in 20-25%, of Porphyromonas spe-
cies, in 11-28% of Prevotella species, and in 0-33% of
Fusobacterium species of the anaerobic Gram-negative
rods isolated in our hospital between 2015-2018 (Table 2).
The investigation of similar studies in our country showed
that Bahar et al., reported to have found no metronida-
zole resistant isolates in B. fragilis, Porphyromonas and
Prevotella isolates (18, 19). Kiremitci et al. reported only
18% in all anaerobic bacteria, and found the resistance
to metronidazole in only one B. fragilis isolate (20). Ulger
Toprak et al. (21), found no metronidazole resistance in
their study investigating the carbapenem and metronida-
zole resistance in 66 B. fragilis isolates. These researchers
found that all isolates were susceptible to metronidazole
in their antimicrobial resistance study with 508 Prevotella
isolates from 13 countries (22). Kegli et al. found no met-
ronidazole resistance in B. fragilis groups in their study
(23). To detect a very small rate of resistance to metro-
nidazole or no metronidazole resistance in similar stud-
ies conducted in our country shows the significance of
the metronidazole resistance of 6% and 9% detected in

401

2015 and 2016 in our study. The priority usage of metro-
nidazole for empirical treatment in surgical clinics in our
hospital may explain the higher metronidazole resistance
rates detected in all Gram-negative rods. A study from
South Africa reported that 8% of 23 B. fragilis isolates
were highly resistant to metronidazole (>256 pg/mL).
Researchers reported that only nim genes could not be
blamed for resistance due to metronidazole highly re-
sistant isolates having no nim gene (24). Syndman et al.,
reported to have detected metronidazole resistance in
two isolates in their study conducted with 1957 B. fragilis
groups isolated from eight centers in a period of four-
years (25). Researchers reported that only one isolate was
resistant to metronidazole in a seven-year surveillance
study with 5,225 B. fragilis isolates from 10 centers in the
USA (6).

Increased resistance rates to clindamycin, which is the
classic anaerobic effective drug, have been reported
in the last 20 years. The rates of resistance are 10-60%
in Bacteroides species but it varies between countries.
The resistance mechanism of clindamycin is known as
the target change after methylation of 23S rRNAs. The
clindamycin resistance gene is located on a transportable
plasmid, which explains the rapid dissemination of clin-
damycin resistance (10). We found the resistance rates of
clindamycin as 47-87% in Bacteroides spp, as 16-44% in
Fusobacterium spp, 37-83% in Porphyromonas spp, and
as 28-66% in Prevotella spp between 2015-2018 in the
present study (Table 2). Investigation of similar studies in
our country showed that Bahar et al. reported to have
found the clindamycin resistance as 5-10% in Prevotella
spp, and found no clindamycin resistant isolate in Por-
phyromonas spp (19). Kiremitci et al. reported the clin-
damycin resistance as 53% in B. fragilis isolates (n=15)
(20). Clindamycin resistance was reported as 36% in 45
B. fragilis group isolates in the study of Ulger Toprak
et al. (26). Clindamycin resistance was detected as 28%
in B. fragilis group, and as 11% in Prevotella species in
the study of Kesli et al. (27). Gurler et al., reported the
clindamycin resistance in B. fragilis isolates as 16% (11),
and Liu et al. reported resistance as 37% (7). Clindamycin
resistance was reported as 26% in a seven-year surveil-
lance study with 5,225 B. fragilis isolates from 10 centers
in the USA (6). Ulger Toprak et al. reported the clinda-
mycin resistance as 34% in their antimicrobial resistance
study with 508 Prevotella isolates from 13 countries. In
addition, researchers emphasized that detection of anti-
biotic resistance against three or more antibiotics of 10%
of Prevotella isolates was concerning (22). Mobile genet-
ic elements were suggested to have a significant role in
the dissemination of multiple resistance phenotypes in
anaerobic bacteria (14). Syndman et al. (25), reported
to have detected high resistance (60%) for clindamycin
in their study with 1957 B. fragilis group isolates isolat-
ed from eight centers in a four-year period. The rate of
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clindamycin resistance in our study are quite high, similar
to the rates obtained both in our country and the other
countries.

A different mechanism has been reported in the resis-
tance against beta lactam-beta lactamase inhibitors.
Beta lactam resistance develops when excessive ceph-
alosporinase is produced, however the susceptibility to
beta lactam-beta lactamase inhibitors remains. Resis-
tance to beta lactam-beta lactamase inhibitor combina-
tions may develop only in addition to another resistance
mechanism such as porin loss (12). Researchers reported
that the presence of cepA associated 151124 increased
the gene expression, resulting in excessive enzyme pro-
duction, and the changes in porin proteins caused the
resistance (28). Amoxicillin+clavulanate resistance in
isolated anaerobic Gram-negative rods was detected as
18-30% in B. fragilis group, as 6-33% in Porphyromonas
species, as 11-33% in Prevotella species, and as 0-20%
in Fusobacterium species in our study (Table 2). These
rates were higher than the results of other studies. It has
been suggested that the rate of resistance increased due
to frequency of use, because anaerobic bacteria gener-
ally causes polymicrobial infections. Beta lactam-beta
lactamase inhibitors are also effective antibiotics for fac-
ultative anaerobic bacteria, which produce an extended
spectrum beta-lactamase. Bahar et al. reported to have
detected no resistant isolates against amoxicillin+clavu-
lanate in B. Fragilis group isolates (n=25) isolated from
the abscess samples of pediatric patients in their study
(18). Bahar et al. reported to have found no ampicillin
+sulbactam resistance in Porphyromonas and Prevotella
isolates in another study (19). Ulger Toprak et al. reported
the amoxicillin+clavulanic acid resistance as 2% in 45 B.
fragilis group isolates in their study (26). Less than 10%
resistance to beta lactam-beta lactamase inhibitors has
been reported in studies from different countries (4, 13,
29). Conversely, high resistance rates (37%) for ampicillin
+sulbactam were reported in B. fragilis isolates from a
study reported from Taiwan (37). In addition, Liu et al. re-
ported the amoxicillin+clavulanic acid resistance as 23%
in B. fragilis isolates (7). These rates were similar with our
results.

Carbapenems are generally stable against most carbap-
enemases, but resistant strains are rarely reported. Car-
bapenems and piperacillin+tazobactam were reported
as the most active agents with resistance rates of 0.9%,
and 2.3% in B. fragilis isolates in a three-year surveillance
study (30). Imipenem resistant B. fragilis isolates were
first reported in Japan (31), later different studies also re-
ported the imipenem resistance in B. fragilis isolates (25).
Carbapenem resistance in the B. fragilis group depends
on the production of B class metallo beta lactamase,
from one of the cfiA/ccrA genes, and confers resistance
to all beta lactams including the beta lactamase inhib-

itor combinations (13). Imipenem resistance in Turkey
was first reported in the B. fragilis group in 1999, and it
was shown that the resistance increased from 2% to 10%
in a five-year period (21, 32). However, in two different
studies, Bahar et al. reported no imipenem resistance in
B. fragilis, Prevotella, and Porphyromonas isolates (18,
19). Similarly, we detected no carbapenem resistance in
2015, 2017, and 2018. In the present study however, 4%
imipenem resistance was detected in B. fragilis group
bacteria from 2016. Kiremit¢i et al. detected imipenem
resistance in one (6.6%) of the B. fragilis isolates (n=15)
in their study investigating the susceptibility in anaerobic
bacteria (20). Imipenem resistance was detected as 2%
in 45 B. fragilis group isolates in the study of Ulger To-
prak et al. (26). The same researchers reported that 27%
of 66 B. fragilis isolates had the cfiA gene, 32% had the
IS1187 insertion sequence, and five isolates had both the
cfiA gene, and IS1187 insertion sequence, and these iso-
lates were reported to have resistance to carbapenems.
Researchers indicated, in accordance with the results of
this study, that the presence of the IS element was im-
portant in determining the high level of carbapenem re-
sistance (21). All isolates were sensitive to carbapenems
in the resistance study of the same researchers with 508
Prevotella isolates from 13 countries (22). No imipenem
resistance was detected in B. fragilis group bacteria in
the study of Kegli et al. (23). Liu et al. reported an increase
in carbapenem resistance of 207 B. fragilis strains iso-
lated from the blood cultures between 2002-2006. The
rates of non-susceptibility for imipenem and meropenem
in B. fragilis isolates which were different than our study
were indicated as 7%, and 12%, respectively (7). This rate
was significantly high for carbapenems. Researchers in a
study in South Africa reported that 8% of 23 B. fragilis
isolates were highly resistant to imipenem (>256 pug/mL)
(24). Carbapenem resistance was detected as approxi-
mately 1% in a seven-year surveillance study with 5225 B.
fragilis isolates from 10 centers in the USA (6). Syndman
et al., indicated that while the rate of carbapenem resis-
tance was detected as 1.1-2.5% in 1957 B. fragilis group
isolates isolated from eight centers in a four-year peri-
od, isolates with high MIC for carbapenems had no cfiA
gene (25). In a study performed using the agar dilution
method with anaerobic bacteria isolated from 521 clinic
samples between 2014-2016 in South Korea, imipenem
resistance was detected in 5% of B. fragilis strains, and as
14% in other Bacteriodes strains (33). Recently, detection
of resistance to carbapenems, the most wide-spectrum
antibiotic, in anaerobic Gram-negative rods might be the
indicator of an alarming condition.

Cefoxitin is in group C among antibiotics recommended
by CLSI for anaerobic bacteria and is recommended as
an alternative in strains that are resistant to most primary
drugs (9). In addition, cefoxitin is not recommended for
intra-abdominal infections caused by Bacteroides spe-
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cies (3). Beta lactamase gene encoded by cepA and cfxA,
which may be transferred by plasmid or a mobile trans-
poson, is responsible from the resistance of cefoxitin (13),
and most B. fragilis isolates and two-thirds of Prevotella
species are known to produce beta lactamase (7). The
rate of resistance to cefoxitin in Bacteroides species was
found as 10-33%, as 0-66% in Porphyromonas species,
and no cefoxitin resistance was detected in Fusobacte-
rium and Prevotella species in current study. Bahar et al.
reported the cefoxitin resistance as 32% in the B. fragilis
group isolated from the abscess samples of pediatric pa-
tients (n=25) in compliance with the results of this study
(18). The same researchers reported the cefoxitin resis-
tance as 3% in Porphyromonas isolates (19). Kiremitgi et
al. reported the cefoxitin resistance as 7% in B. fragilis
isolates (n=15) (20). Ulger Toprak et al. in a study reported
the cefoxitin resistance as 11% in 45 B. fragilis group iso-
lates (26). Kesli et al. found the cefoxitin resistance as 36%
in the B. fragilis group, and as 11% in Prevotella species
(23). Gurler et al. found the cefoxitin resistance as 16% in
B. fragilis isolates (27). Researchers reported in a study
conducted in South Africa that 8% of 23 B. fragilis iso-
lates were highly resistant to cefoxitin (>256 pg/mL) (24).
Cefoxitin resistance was reported as 10% in a seven-year
surveillance study performed with 5225 B. fragilis isolates
from ten centers in the USA (6). Cefoxitin resistance was
detected as 7% in compliance with our results in 2018
(10%), in accordance with susceptibility results performed
using the agar dilution method in anaerobic bacteria iso-
lated from 521 clinical samples in a study conducted be-

tween 2014-2016 in South Korea (33). The resistance rate
of cefoxitin is increasing in anaerobic Gram-negative ba-
cilli with respect to rates in our country and in the world.

Investigation of studies associated with antibiotic sus-
ceptibility in anaerobic bacteria showed that most of
the research was focused on the B. fragilis group, and
antibiotic resistance has been gradually increasing. The
resistance rates to antibiotics in the B. fragilis group in-
dicated in various studies are given in Table 3. The most
comprehensive study associated with the antimicrobial
resistance of B. fragilis group was the study of Nagy et al.,
which included 824 isolates from 13 European countries
(34). Researchers indicated that the significant increase
in antibiotic resistance was detected for cefoxitin, clinda-
mycin, and moxifloxacin, and total resistance to cefoxitin
was reported as 17%, resistance to clindamycin as 32%,
resistance to moxifloxacin as 13%, resistance to amoxi-
cillin+clavulanic acid as 3%, resistance to piperacillin+ta-
zobactam as 10%, resistance to imipenem as 1.2%, and
resistance to metronidazole was reported as less than
1%. Researchers emphasized that isolates which were not
sensitive to imipenem and metronidazole were more re-
sistant to the other antibiotics. Piperacillin+tazobactam
was reported to be more active compared with amoxi-
cillin+clavulanic acid. Antibiotic resistance was reported
to differ between the regions; resistance to moxifloxacin
(21%) in Scandinavian countries, and resistance to metro-
nidazole (42%) in Mediterranean countries were reported
to be higher. As Turkey is in the Mediterranean region,

Table 3: Antibiotic resistance rates in B. fragilis group isolates in various studies in the literature (%).

Research Amox+Clavulanate Imipenem Cefoxitin Clindamycin Metronidazole
Gurler 1997 0 0 16 16 0
Bahar 2002 0 0 32 0 0
Ulger 2004 2 2 11 36 0
Syndman 2007 - 1 10 25 1 isolate
Kiremitci 2008 - 1 isolate 7 53 1 isolate
Liu 2008 23 7-12 13 37 0
Syndman 2010 0,9

Bouchillon 2010 - 0-5 10-27 10-29 0-1.2
Galvao 2011 - 8 8 0 8
Nagy 2011 10 1.2 17 32 <1
Syndman 2011 1.1-2.5 7 30 2 isolate
Ulger 2012 - 1,5 - - 0
Kesli 2018 - 0 36 28 0
Rodloff 2018 - 1.7 - 22 0.5
Oksuz 2018 17.8 17.4 54 4.6
Present study 30 0] 10 87 -
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this result shows that our results were compatible with
the rates of Nagy. Piperacillin+tazobactam resistance was
also found to be higher in Scandinavian countries. When
the researchers compared the data of two multi-center
studies (15 countries with 1289 isolates, and 19 coun-
tries with 1,284 isolates) conducted in Europe in previous
years with their own studies, they pointed out that resis-
tance has increased over the years.

In accordance with the results of “The Tigecycline Eu-
ropean Surveillance Trial (TEST)” presented in 2010 in
the European Congress of Clinical Microbiology and
Infectious Diseases (ECCMID), resistance to cefoxitin
was reported as 10-27%, to clindamyc in as 10-29%, to
metronidazole as 0-1.2%, to meropenem as 0-5%, and
to piperacillin+tazobactam as 0-12% in 1420 B. fragilis
isolates (35). Antimicrobial resistance was investigated in
7008 anaerobic bacteria in the TEST study conducted in
2018, and most of the anaerobic bacteria were report-
ed to be susceptible to meropenem, metronidazole, and
tigecycline, but resistance to clindamycin in Gram-neg-
ative bacteria (28-48%) was alarming (36). In addition, in
the TEST study, 22% of the strains were shown to be re-
sistant to clindamycin, 1.7 % to meropenem, and 0.5%
to metronidazole in B. fragilis isolates; however, clinda-
mycin resistance was between 10-30%, meropenem re-
sistance 0.2-0.6%, and metronidazole resistance 0.6-1.9%
in Prevotella species (36). The data of this recent study
were similar to our results and highlight the increase in
carbapenem resistance.

One of the limitations of our study was that full identifi-
cation could not be performed for all isolated anaerobic
bacteria due to financial issues, and antibiotic resistance
of anaerobic Gram-positive bacteria could not be inves-
tigated. In addition, metronidazole resistance could not
be investigated in anaerobic Gram-negative rods in 2018
due to the same financial issues. Although the number
of anaerobic bacteria isolated is low, it can be said that
the resistance rates obtained in 2018 are still high, and
the high resistance rates for clindamycin in particular
could not be ignored. Another limitation of our study
was that susceptibility tests could not be performed us-
ing the gold standard method of agar dilution due to the
study consisting of retrospective data. Unfortunately, this
method requires intensive labour, and could not be per-
formed during routine laboratory workflow. Researchers
in a study in Switzerland reported that a concentration
gradient test was compatible with the agar dilution test,
and the rate of major and very major error was less than
1% (37). Furthermore, in a study which compared the agar
dilution, disk elucion in broth, and gradient test meth-
ods for susceptibility tests of anaerobic bacteria (n=86)
in our department, no statistically significant difference
between three methods was reported (11). In addition,
the rate of production of beta lactamase could not be de-

termined in our study. Whether or not to use beta lactam
antibiotic in treatment in centers where no routine anti-
biotic susceptibility tests are performed is determined by
detecting the presence of beta lactamase in anaerobic
bacteria. We did not perform a beta lactamase test in
our study because many anaerobic Gram-negative rods,
primarily the B. fragilis, are known to produce high rates
of beta lactamase. We performed antibiotic susceptibil-
ity tests for all pathogenic anaerobic bacteria isolated.
In addition, mechanisms other than the beta lactamase
production may also develop resistance to antibiotics in
anaerobic Gram-negative rods. Anaerobic bacteria with-
out beta-lactamase enzyme, but resistant to ampicillin,
have been reported rarely. We suggest that all these lim-
itations may be eliminated with well planned prospective
studies using the gold standard methods.

CONCLUSION

It was striking to find out in our study that more than half
of the anaerobic Gram-negative rods primarily the B.
fragilis group were resistant to clindamycin, and approx-
imately one third were resistant to amoxicillin+clavula-
nate. It is estimated that the increased resistance to these
antibiotics, which are empirically used in the treatment of
anaerobic Gram-negative rods associated infections will
limit the antibiotic treatment regimes in the future. The
routine monitoring of resistance is highly important for
providing appropriate empirical treatment.
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