
Phenotypic and genotypic antimicrobial resistance in clinical
anaerobic isolates from India

Anshul Sood , Pallab Ray and Archana Angrup *

Department of Medical Microbiology, Post Graduate Institute of Medical Education and Research (PGIMER), Chandigarh 160012, India

*Corresponding author. E-mail: archanaangrup@yahoo.com

Received 11 December 2020; accepted 10 March 2021

Background: Antimicrobial resistance (AMR) in anaerobes remains a neglected field. The laborious procedures,
non-compliance with the standard methodology and differences in interpretive breakpoints add variation in
resistance data.

Objectives: To assess the phenotypic and genotypic resistance among clinically important anaerobes to six
antibiotics frequently used as empirical therapy for anaerobic infections.

Methods: A total of 150 anaerobic isolates were recovered from clinical specimens. The antimicrobial suscepti-
bility was determined by the breakpoint agar dilution method as per CLSI guidelines. The presence of genes
encoding resistance to metronidazole (nim gene), imipenem (cfiA gene) and mobilizable insertion sequence (IS)
elements was detected to comprehend their association with phenotypic resistance.

Results: This is a first study of its kind from the Indian subcontinent looking at the AMR and associated genes in
anaerobes. Resistance to metronidazole, clindamycin, imipenem, piperacillin/tazobactam and cefoxitin was
32.6%, 42.6%, 0.6%, 38% and 35.3%, respectively. No resistance was observed to chloramphenicol. The nim
gene was detected in 24.6% of isolates, of which 70.2% were resistant by phenotype. On sequencing, the PCR
products of six random nim genes showed a close similarity to nimE of Bacteroides fragilis with 99% nucleotide
and 100% amino acid sequence similarity. The cfiA gene, associated with imipenem resistance, was detected in
16% of isolates.

Conclusions: The possibility of isolates carrying AMR genes to become resistant to antibiotics by acquisition of
IS elements mandates attention to periodically monitor the resistance patterns and geographic distribution
of these genes and IS elements to understand the trends of AMR in anaerobes.

Introduction

Antimicrobial resistance (AMR) remains a neglected concern in
anaerobes. Anaerobes are overlooked and infrequently reported
due to the difficulties involved in their isolation and identification1

but their role in human health and disease should not be underes-
timated. They constitute the majority of commensal flora coloniz-
ing the skin, oral cavity and human gut. They are likely to cause
bacterial infections of endogenous origin if translocated or
displaced from their natural habitat2 and have been found associ-
ated with other serious, life-threatening infections such as CNS
infections,3 bacteraemia4 endocarditis and infections in compro-
mised patients.2 The data on AMR in anaerobes is scarce because
antimicrobial susceptibility testing (AST) in anaerobes is a laborious
process, and majority of the existing literature does not comply

with CLSI and EUCAST guidelines.5 Differences in the methodology
and interpretive breakpoints between CLSI and EUCAST add to the
variation of resistance data in anaerobes.6 The dearth of surveil-
lance systems and the conviction that resistance in anaerobes is
fairly predictable often makes treatment empirical. However,
emerging resistance is being recognized among anaerobes that
were earlier believed to be highly susceptible.7 Therefore, there is
an urgent need to periodically monitor the resistance patterns of
clinically significant anaerobes to help the microbiologist as well as
the clinician understand the trends of AMR in anaerobes and devise
better therapeutic strategies to combat resistance and improve
outcomes.

AMR among anaerobes has been growing at a steady pace
since the 1970s and poses a serious threat to global healthcare.7
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To date, most of the available studies have addressed AMR in
Bacteroides spp., which is also the most frequently isolated anti-
biotic-resistant anaerobic bacteria.5 AMR and the role of the mobile
genetic elements (MGE) have been studied for a limited number of
antibiotics. Therefore, we designed our study to target the resist-
ance pattern among various clinically important anaerobic
bacteria against six antimicrobial agents, namely, metronidazole,
imipenem, piperacillin/tazobactam, clindamycin, chloramphenicol
and cefoxitin, which are among the CLSI-recommended anti-
microbial agents to be considered for anaerobic infections. For dec-
ades, these antimicrobial agents have been routinely used as an
empirical therapy in our clinical setup and also in the United States,
European and Asian countries.8–10 The AST was performed using
the gold standard agar dilution method according to the CLSI
guidelines. To comprehend the relationship between phenotypic
and genotypic resistance, the strains were screened for the
presence of two genes encoding resistance to metronidazole
(nim gene) and imipenem (cfiA gene). The susceptible strains with
‘silent’ cfiA genes may become resistant by the presence and ex-
pression of insertion sequence (IS) elements at a region upstream
of the cfiA genes via a one-step mutation. Also, these IS elements
carry regulatory signals that are not only associated with the cfiA
expression but also induce nim gene-mediated metronidazole
resistance.11,12 Thus, the presence of these IS elements particular-
ly (IS1186) was also investigated in this study.

Materials and methods

Sample collection and processing

In this study, 150 anaerobic bacteria were prospectively isolated over a
period of 1 year (2018) from routine samples submitted to the Clinical
Bacteriology Laboratory of the department of Medical Microbiology,
Postgraduate Institute of Medical Education and Research (PGIMER),
Chandigarh, India. PGIMER is a 2300 bed tertiary care hospital that caters to
a population of around 367 million people, primarily of North-West Indian
states, and includes referrals from rest of the country. The clinical samples
were obtained from a wide range of sources and infection sites from
patients of all age groups (Table S1, available as Supplementary data at
JAC-AMR Online). A total of 11 088 samples were processed anaerobically
in the study period of 1 year and 762 anaerobic bacteria were recovered
from 554 samples (Figure S1). One-hundred and fifty consecutive isolates
identified correctly at species level and belonging to patients with complete
clinical and demographic data were included in the study. Isolates were
cultured on brucella agar supplemented with 5% laked sheep blood,
vitamin K (1 mg/L), hemin (5 mg/L) and metronidazole disc (5lg) placed at
the centre of the plate for presumptive testing of anaerobes. An automated
anaerobic gas generation system (Anoxomat Mart II, Mart Microbiology BV,
Lichtenvooorde, Netherlands) and anaerobic jars were used to create anae-
robiosis from the gas mixture (80% N2, 10% CO2, 10% H2). In each run, the
anaerobiosis was validated by one obligate aerobic and anaerobic strain.
Following incubation at 37�C for 48 h, the anaerobic plates were examined
for a zone of inhibition around the metronidazole disc. Presence of a zone,
irrespective of the zone size, was suggestive of anaerobic growth; whereas
in case of no zone of inhibition, the anaerobic plates were correlated with
their aerobic plates to rule out metronidazole-resistant anaerobic growth. A
metronidazole disc was only used to aid in the presumptive recognition of
anaerobes and has no bearing on therapeutic testing. Identification of iso-
lates to species level was done using MALDI-TOF MS; Biotyper 2.0 database
(Bruker Daltonik GmbH, Bremen, Germany) following the standard Bruker
interpretative criteria. Scores of�2.0 were considered as an accurate identi-
fication to species level;�1.7 but ,2.0, an identification to genus level and

scores ,1.7 were considered unreliable.13 All isolates included in our study
were correctly identified to the species level with a MALDI score value of
�2.0 (Table S2).

Antimicrobial susceptibility testing
Susceptibility of these isolates was determined by breakpoint agar dilution
method as per CLSI (M11-A8) protocol. A serial two-fold dilution of each
antibiotic was added to the medium. An inoculum of turbidity matching 0.5
McFarland standard was prepared and 10lL of each isolate was spot ino-
culated on the surface of the agar plate. Approximately 25 isolates were
tested on each plate (Figure S2). Following incubation, the inoculated spots
were examined visually for bacterial growth. The lowest concentration of
antibiotics that prevented bacterial growth was considered to be the MIC.
The MIC was interpreted as per the CLSI breakpoints (Table S3). In each run
B. fragilis ATCC 25285 was used as a quality control of susceptibility testing.

Detection of AMR genes and IS element
DNA was extracted by the boiling method14 and the presence of nim gene,
cfiA gene and IS1186 was detected using PCR primers and the thermal
cycling parameters mentioned in Table S415–17 with the reaction setup
being summarized in Table S5.

Sequencing and phylogenetic analysis
Amplified PCR products were sequenced in house and by commercially
available sequencing services (AgriGenome Labs India). Using BLAST, the
nucleotide sequences were compared in National Center for Biotechnology
Information (NCBI). The GenBank accession number for nimE gene of B. fra-
gilis is MH341532.

Results

A total of 150 clinical isolates of anaerobic bacteria representing
12 genera and 29 species were isolated from various clinical speci-
mens comprising varied infections with an almost equal distribu-
tion of polymicrobial and monomicrobial growth as represented in
Table S1 and Figure S1, respectively. Escherichia coli was the com-
monest facultative anaerobic species (20.2%) associated with the
polymicrobial growth; the distribution of anaerobic pathogens iso-
lated in this study is given in Table 1.

Antimicrobial susceptibility

The study evaluated AMR to six antibiotics. A representative picture
for AST by agar dilution method and the interpretation of the MIC
is shown in Figure S3. The AST and MICs of antimicrobial agents as
per CLSI range is summarized in Figure 1 and the data is inter-
preted by incorporating intermediate in the resistant category.

Of the 150 isolates, excluding four inherently resistant organ-
isms [i.e. Cutibacterium spp. (n"2), Actinomyces spp. (n"1)
and Streptococcus spp. (n"1)] metronidazole resistance was
seen in 30.8% (45/146) isolates. The highest resistance was seen
in Gram-negative anaerobes, among which B. fragilis was the
most resistant at 57.7% (26/45), whereas resistance was
detected in only three Gram-positive isolates [Clostridium spp.
(2) and Bifidobacterium spp. (1)]. A higher rate of resistance was
noted for clindamycin, as 42.6% (64/150) of the tested strains
were clindamycin resistant with Bacteroides spp. [53.6% (30/
56)] exhibiting the highest resistance followed by Clostridium
spp. [47.1% (25/53)]. The overall resistance to b-lactams was as
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follows: imipenem (0.6%); piperacillin/tazobactam (38%) and
cefoxitin (35.3%). Gram-negative anaerobes displayed the high-
est resistance to piperacillin/tazobactam whereas only four-
Gram-positive isolates were resistant to that drug. For cefoxitin,
the most common group to show resistance was Bacteroides
spp. [48.2% (27/56)] followed by Clostridium spp. [28.3%
(15/53)]. In our study, none of the isolates showed resistance to
chloramphenicol. Results of AST of clinical isolates to various
antibiotics is depicted in Figure 2.

Distribution of resistance genes

The genotypic identification of AMR genes and their association
with phenotypic resistance is summarized in Table 2 and Figure 3.
The nim gene was detected in 24.6% (37/150) isolates, of which
70.2% (26/37) isolates were resistant phenotypes. The remaining
29.7% (11/37) isolates carried nim genes, but they were phenotyp-
ically susceptible. The PCR products for six random nim genes
(Figure S4) were further sequenced and showed a close similarity

to nimE of B. fragilis, with 99% nucleotide and 100% amino acid se-
quence similarity. The cfiA gene, associated with imipenem resist-
ance, was detected in 16% of isolates; however, only one resistant
phenotype was detected corresponding to a very low agreement
rate among imipenem-resistant genotypes and phenotypes. None
of the isolates showed the presence of IS1186.

Discussion

This is the first Indian study of its kind that describes the distribu-
tion of resistant phenotypes and genotypes of various clinically sig-
nificant anaerobic bacteria. AMR was most commonly found in
Bacteroides spp. Metronidazole resistance among B. fragilis group
isolates is emerging worldwide. European data from the early
1990s showed no resistance, but over the next few years (2002–
09) there was an increase to 0.5% resistance.12,18,19 On the con-
trary, a significantly higher resistance rate of up to 15% has been
seen in many Western countries20–22 and an even higher rates up
to 30% from a few Asian regions.15,21–23 In India, metronidazole

Table 1. Distribution of anaerobic bacteria isolated during the study

Genus Species (n"150) Revised nomenclature No.

Anaerobic Gram-positive cocci (n"7; 4.6%)

Peptoniphilus spp. (2) P. harei 2

Peptostreptococcus spp. (2) P. anaerobius 2

Finegoldia spp. (2) F. magna 2

Streptococcus spp. (1) S. constellatus 1

Anaerobic Gram-positive bacilli (n"57; 38%)

Actinomyces spp. (1) A. oris 1

Bifidobacterium spp. (1) B. longum 1

Clostridium spp. (53) C. aerotolerans Lacrimispora aerotolerans 4

C. bifermentans Paraclostridium bifermentans 5

C. butyricum 1

C. celerecrescens/C. sphenoides Lacrimispora celerecrescens/Lacrimispora sphenoides 1

C. cochlearium 1

C. difficile 6

C. glycolicum Terrisporobacter glycolicus 1

C. paraputrificum 2

C. perfringens 13

C. ramosum 1

C. septicum 2

C. sordellii Paeniclostridium sordellii 6

C. sporogenes 9

C. subterminale 1

Propionibacterium spp. (2) P. acnes Cutibacterium acnes 1

P. avidum Cutibacterium avidum 1

Anaerobic Gram-negative bacilli (n"61; 40.6%)

Bacteroides spp. (56) B. fragilis 47

B. nordii 1

B. thetaiotaomicron 8

Fusobacterium spp. (4) F. varium 4

Prevotella spp. (1) P. bivia 1

Anaerobic Gram-negative cocci (n"25; 16.6%)

Veillonella spp. (25) V. dispar 2

V. parvula 23
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Figure 1. MIC distribution of anaerobic isolates to different tested antibiotics. (a) Bars depict the numbers of resistant (red), intermediate (yellow)
and susceptible (green) isolates to clindamycin (CLI), metronidazole (MTZ), piperacillin/tazobactam (TZP), imipenem (IPM), chloramphenicol (CHL),
cefoxitin (FOX) at different concentration of antibiotics. The broken lines represent clinical breakpoints (mg/L) as per the CLSI guidelines. The x-axis
shows drug concentration in (mg/L) and y-axis shows the number of isolates. (b) The overall resistance rate to different antibiotics tested.
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resistance varying from 7% to 31%24 has been reported, which is
comparable to that found in our study (32.6%). In our isolates, re-
sistance was not detected in Gram-negative bacteria such as
Fusobacterium spp., which was similar to various studies

worldwide, with a few exceptions.25,26 However, AMR to metro-
nidazole is emerging in the genera Prevotella27 and Veillonella. A
reduced susceptibility of Veillonella isolates to metronidazole has
been seen in our isolates also, which is in line with the literature

Figure 2. Antimicrobial susceptibility of clinical isolates representing different genera to tested antibiotics.
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from East Asian countries.26,28 In contrast a significantly higher re-
sistance of up to 28.6% has been reported in Gram-positive anae-
robes25,29 as compared with our study [6.8% (4/59)]. In our study
both Gram-positive anaerobic cocci (GPAC) and Clostridium spp.
showed an almost equal number of resistant isolates and results
were in agreement with the resistance rate of the Eastern world.30

However, none of the studies have reported resistance patterns of
Gram-positive anaerobes from India.

The main mode of metronidazole resistance is nitroimidazole
reductase activity encoded by nim genes.30 Studies evaluating the

presence of nim genes are limited, nevertheless they depict a low
prevalence ranging from 0.5% to 2.8% in Bacteroides spp.25,30; 0%
to 5.3% in Prevotella spp.25 and 0% to 5.9% in Fusobacterium
spp.25,30 Yet again, majority of the literature is from European
countries30 and the geographic distribution of nim genes in the
Indian subcontinent is relatively under explored. In our study the
nim genes were detected in 24.6% (37/150) of isolates and were
more prevalent in 60.7% (34/56) Bacteroides spp., followed by 8%
(2/25) of Veillonella spp. The findings were in accordance with an
Indian study, where nim gene positivity was seen in 53% (20/38)

Table 2. Comparison of antimicrobial resistance in various anaerobic isolates according to phenotypic and genotypic testing

Antimicrobial

Association of antimicrobial resistance phenotypes and genotypes

PR GR Genes(s) carried PR!/GR! PR#/GR# PR!/GR# PR#/GR! IS1186

Metronidazole 49 37 nimE 26 90 23 11 0

Imipenem 1 24 cfiA 0 125 1 24 0

PR, number of isolates expressing phenotypic resistance to the indicated antimicrobial agent.
GR, number of isolates carrying the indicated antimicrobial resistance gene.
PR!/GR!, phenotypically resistant isolates carrying antimicrobial resistance genes.
PR#/GR#, phenotypically susceptible isolates carrying no antimicrobial resistance genes.
PR!/GR#, phenotypically resistant isolates carrying no antimicrobial resistance genes.
PR#/GR!, phenotypically susceptible isolates carrying antimicrobial resistance genes.
IS1186, isolates carrying insertion sequence 1186.

Figure 3. Prevalence of antimicrobial resistance, AMR genes and the association between resistant genotypes and phenotypes. (a) Prevalence of
antimicrobial resistance (b) Prevalence of antimicrobial resistance genes. *These species have been reassigned to other genera in recent years. The
revised nomenclature is given in Table 1.
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of Bacteroides spp.24 None of the other isolates, including the in-
trinsically metronidazole-resistant isolates, showed the presence
of nim genes. Out of the 24.6% (37/150) nim gene positive isolates,
29.7% (11/37) isolates carried nim genes, yet they were phenotyp-
ically susceptible; which is possibly due to the absence of IS
elements that regulate the expression of nim genes. Of all IS ele-
ments reported so far, the isolates were tested for the presence of
IS1186, which has been frequently described to be associated with
the most prevalent nimA and nimB genes.30 Unexpectedly, all 150
isolates tested negative for IS1186, which shows that perhaps
nimA and nimB are not circulating in our geographical region or
may be less prevalent. To further validate this suggestion, six
random nim gene-positive PCR amplicons were sequenced and
showed a close similarity to nimE from B. fragilis. In contrast, the
nimE gene has been found to be associated with another IS elem-
ent (ISBf6).30 This possibly explains the absence of IS1186 in our
study isolates. The detection and study of nim genes is of great im-
portance since resistance can be induced not just in nim-positive
strains but also in nim-negative strains on exposure to sub-MICs of
metronidazole, whereas this phenomenon could not be induced in
a nimF-positive strain.11 Although nim genes play a major role in
metronidazole resistance, but the non-nim gene-based mecha-
nisms of metronidazole resistance (such as overexpression of
efflux pump; RecA proteins; rhamnose catabolism regulatory pro-
tein; activation of antioxidant defence systems and deficiency of
ferrous iron transporter FeoAB) have also been described, but the
supporting literature is meagre.30 In our study, this non-nim gene-
mediated resistance was seen in 15.3% (23/150) of phenotypically
resistant isolates.

Emergence of metronidazole resistance has led to use of carba-
penems for the treatment of anaerobes, particularly imipenem.23

The resistance to carbapenems is mediated by the chromosomal
cfiA gene, which again requires IS elements for its expression.12

Western data from various studies have reported an overall carba-
penem resistance rate varying from 1% to 9.6% and cfiA positivity
of 5% to 27%.31,32 East Asian literature shows 7% imipenem resist-
ance in B. fragilis, 4% in Fusobacterium spp. and 15% in Clostridium
spp. over 16 years.10 In other Asian regions resistance has risen
from 0% to 24.1% in 5 years23,33 whereas in our isolates it was
only 0.6%. None of our isolates was found to have IS elements;
however, 16% of isolates were ‘silent’ cfiA strains, as these isolates
were phenotypically susceptible despite having the cfiA gene. In
contrast, the resistant B. fragilis reported in our study was cfiA
negative. Such strains have also been reported previously and it
has been hypothesized that resistance in these strains might be
due to other mechanisms, such as the upregulation of drug efflux,
accumulation of mutations in the outer membrane porin mole-
cules and penicillin binding proteins.12 Another reason to study the
distribution of cfiA genes is their association with decreased
susceptibility to b-lactam–b-lactamase inhibitor combinations
(BL-BLIs), such as piperacillin/tazobactam,34 however, no such
association was seen in our isolates.

BL-BLIs are the commonly used choices for mixed aerobic–an-
aerobic infections. Resistance rates to piperacillin/tazobactam are
generally ,1% for all B. fragilis group species.35 In our isolates,
Veillonella spp. showed the highest resistance 80% (20/25)
followed by Bacteroides spp. [53.6% (30/56)]. A significantly low
resistance was observed in Gram-positive anaerobes [4.7% (3/64)]
with two resistant GPAC and one Clostridium isolate. There are few

studies from the Indian subcontinent whereas the Western litera-
ture shows 0.6%35 and 2%9 resistance in B. fragilis; 0.6%35 and
12%9 in B. thetaiotaomicron; 2% to 8% in B. fragilis group;9,36,37 2%
in GPAC37 and no resistance in Clostridium spp.37

Over the past few years a dramatic increase in resistance has
been observed for cefoxitin (17.2%).9 Resistance rates of
Bacteroides spp. in three Europe-wide studies following CLSI break-
points revealed 3%,19 6%18 and 17.2%9 resistance rates among
Bacteroides strains during the past 20 years. In our study, the over-
all resistance in cefoxitin was 35.3% with Bacteroides spp. exhibit-
ing the highest resistance at 48.2% (27/56) followed by
Clostridium spp. with 28.3% (15/53), whereas Western data shows
a relatively lower resistance of 16% in Clostridium spp.37

Over the past 20 years, resistance to clindamycin has increased
worldwide (32.4%).9 In our isolates, the overall resistance to clin-
damycin was 42.6% and the highest resistance was seen in 53.6%
(30/56) of Bacteroides spp. B. fragilis showed 46.8% (22/47) resist-
ance, which is equivalent to that shown by the majority of the
available literature, which shows resistance up to 40%.9,35,38,39 In
non-Bacteroides fragilis species, the worldwide resistance rate is
even higher, up to 52% from the Western world37 and 70% from
Eastern regions.38 A considerable amount of resistance was
detected among Gram-positive anaerobes, with 45.2% (24/53) re-
sistance in Clostridium spp., where three out of six Clostridioides dif-
ficile isolates were found to be resistant, similar to a statistical
analysis of clinical isolates of C. difficile from 30 different studies.37

In our study, all organisms showed 100% susceptibility to chlor-
amphenicol and for more than half of these isolates, the clustering
of MICs was observed around the breakpoints (12% at 8 mg/L;
52% at 4 mg/L). A similar clustering was observed in another study
also,40 which may pose a threat in case of MIC creep over time.

Only few studies have investigated AMR in anaerobes following
standard methodology; therefore, our study is important. A rea-
sonable amount of literature is available from the West, but data
remains scarce from the East, especially the Indian subcontinent.
Our study has evaluated a good number of various clinically signifi-
cant groups such as Bacteroides spp., Clostridium spp. and isolates
from the genus Veillonella, which is seldom reported in other stud-
ies especially from the Indian subcontinent. However, the study
has limitations such as the number of isolates for certain
species, since the prevalence of organisms in a clinical setup is
reflective of their epidemiology. Our study (and also the avail-
able literature depicting the absolute prevalence of resistant
phenotypes and genotypes) does not signify the frequency of
these attributes in other geographies because of the difference
in epidemiology and interpretive breakpoints between CLSI and
EUCAST.6
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12 Sóki J, Eitel Z, Urbán E et al. Molecular analysis of the carbapenem and
metronidazole resistance mechanisms of Bacteroides strains reported in a
Europe-wide antibiotic resistance survey. Int J Antimicrob Agents 2013; 41:
122–5.

13 Schmitt BH, Cunningham SA, Dailey AL et al. Identification of anaerobic
bacteria by Bruker Biotyper matrix-assisted laser desorption ionization-time
of flight mass spectrometry with on-plate formic acid preparation. J Clin
Microbiol 2013; 51: 782–6.

14 Reischl U, Linde HJ, Metz M et al. Rapid identification of methicillin-resist-
ant Staphylococcus aureus and simultaneous species confirmation using
real-time fluorescence PCR. J Clin Microbiol 2000; 38: 2429–33.

15 Akhi MT, Ghotaslou R, Alizadeh N et al. nim gene-independent metro-
nidazole-resistant Bacteroides fragilis in surgical site infections. GMS Hyg
Infect Control 2017; 12: Doc13.

16 Nakano V, do Nascimento e Silva A, Merino VRC et al. Antimicrobial resist-
ance and prevalence of resistance genes in intestinal Bacteroidales strains.
Clinics (Sao Paulo) 2011; 66: 543–7.

17 Podglajen I, Breuil J, Collatz E. Insertion of a novel DNA sequence, IS1186,
upstream of the silent carbapenemase gene cfiA, promotes expression of

carbapenem resistance in clinical isolates of Bacteroides fragilis. Mol Microbiol
1994; 12: 105–14.

18 Hedberg M, Nord CE; ESCMID Study Group on Antimicrobial Resistance in
Anaerobic Bacteria. Antimicrobial susceptibility of Bacteroides fragilis group
isolates in Europe. Clin Microbiol Infect 2003; 9: 475–88.

19 Phillips I, King A, Nord CE et al. Antibiotic sensitivity of the Bacteroides fra-
gilis group in Europe. Eur J Clin Microbiol Infect Dis 1992; 11: 292–304.

20 Meggersee R, Abratt V. The occurrence of antibiotic resistance genes in
drug resistant Bacteroides fragilis isolates from Groote Schuur Hospital, South
Africa. Anaerobe 2015; 32: 1–6.

21 Gal M, Brazier JS. Metronidazole resistance in Bacteroides spp. carrying
nim genes and the selection of slow-growing metronidazole-resistant
mutants. J Antimicrob Chemother 2004; 54: 109–16.

22 Trevi~no M, Areses P, Dolores Pe~nalver M et al. Susceptibility trends of
Bacteroides fragilis group and characterisation of carbapenemase-producing
strains by automated REP-PCR and MALDI TOF. Anaerobe 2012; 18: 37–43.

23 Sheikh SO, Jabeen K, Qaiser S et al. High rate of non-susceptibility to
metronidazole and clindamycin in anaerobic isolates: data from a clinical la-
boratory from Karachi, Pakistan. Anaerobe 2015; 33: 132–6.

24 Sethi S, Shukla R, Bala K et al. Emerging metronidazole resistance in
Bacteroides spp. and its association with the nim gene: a study from North
India. J Glob Antimicrob Resist 2019; 16: 210–4.

25 Katsandri A, Avlamis A, Pantazatou A et al. Dissemination of nim-class
genes, encoding nitroimidazole resistance, among different species of Gram-
negative anaerobic bacteria isolated in Athens, Greece. J Antimicrob
Chemother 2006; 58: 705–6.

26 Wang FD, Liao CH, Lin YT et al. Trends in the susceptibility of commonly
encountered clinically significant anaerobes and susceptibilities of blood iso-
lates of anaerobes to 16 antimicrobial agents, including fidaxomicin and
rifaximin, 2008–2012, northern Taiwan. Eur J Clin Microbiol Infect Dis 2014;
33: 2041–52.

27 Veloo ACM, Baas WH, Haan FJ et al. Prevalence of antimicrobial resistance
genes in Bacteroides spp. and Prevotella spp. Dutch clinical isolates. Clin
Microbiol Infect 2019; 25: 1156.e9–13.

28 Lee Y, Park YJ, Kim MN et al. Multicenter study of antimicrobial susceptibil-
ity of anaerobic bacteria in Korea in 2012. Ann Lab Med 2015; 35: 479–86.

29 Tan TY, Ng LSY, Kwang LL et al. Clinical characteristics and antimicrobial
susceptibilities of anaerobic bacteremia in an acute care hospital. Anaerobe
2017; 43: 69–74.

30 Alauzet C, Lozniewski A, Marchandin H. Metronidazole resistance and
nim genes in anaerobes: A review. Anaerobe 2019; 55: 40–53.

31 Nagy E, Multi-drug resistance among anaerobes. Twenty seventh
European Congress of Clinical Microbiology and Infectious Diseases, Vienna,
Austria, 2017. Abstract SY0814.

32 Snydman DR, Jacobus NV, McDermott LA et al. Trends in antimicrobial re-
sistance among Bacteroides species and Parabacteroides species in the
United States from 2010–2012 with comparison to 2008–2009. Anaerobe
2017; 43: 21–6.

33 Shafquat Y, Jabeen K, Farooqi J et al. Antimicrobial susceptibility against
metronidazole and carbapenem in clinical anaerobic isolates from Pakistan.
Antimicrob Resist Infect Control 2019; 8: 7.

34 Ogane K. Antimicrobial susceptibility and prevalence of resistance genes
in Bacteroides fragilis isolated from blood culture bottles in two tertiary care
hospitals in Japan. Anaerobe 2020; 64: 102215.

35 Snydman DR, Jacobus NV, McDermott LA et al. Lessons learned from the
anaerobe survey historical perspective and review of the most recent data
(2005-2007). Clin Infect Dis 2010; 50 Suppl 1: S26–33.

36 Papaparaskevas J, Pantazatou A, Katsandri A et al. Multicentre survey of
the in-vitro activity of seven antimicrobial agents, including ertapenem,
against recently isolated Gram-negative anaerobic bacteria in Greece. Clin
Microbiol Infect 2005; 11: 820–4.

Sood et al.

8 of 9

http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlab044#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlab044#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlab044#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlab044#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlab044#supplementary-data


37 Peng Z, Jin D, Kim HB et al. Update on antimicrobial resistance in
Clostridium difficile: resistance mechanisms and antimicrobial susceptibility
testing. J Clin Microbiol 2017; 55: 1998–2008.

38 Teng LJ, Hsueh PR, Tsai JC et al. High incidence of cefoxitin and clindamy-
cin resistance among anaerobes in Taiwan. Antimicrob Agents Chemother
2002; 46: 2908–13.

39 Lee K, Chong Y, Jeong SH et al. Emerging resistance of anaerobic
bacteria to antimicrobial agents in South Korea. Clin Infect Dis 1996;
23: 73–7.

40 Goldstein EJC, Citron DM. Resistance trends in antimicrobial
susceptibility of anaerobic bacteria, Part I. Clin Microbiol Newsl 2011;
33: 1–8.

Phenotypic and genotypic resistance in anaerobes JAR

9 of 9


	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6
	tblfn7



