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ABSTRACT

In the present study, anaerobic clinical isolaté®Bacteroides fragilis, Escherichia coli, Saphylococcus
aureus and Yersinia enterocolitica were obtained from different clinical specimensl avere subjected to
molecular typing to detect the gene encoding métemole resistance in these isolates. Subsequently,
antibacterial activity of drugs was tested agaihsetselected clinical isolates. A total of 53 daliisolates
involving 18 obligate and 35 facultative anaerobacteria were recovered from clinical samples of 67
patients who were suspected to have anaerobictimfied disk diffusion method was employed to scree
for metronidazole-resistance among these isolRER assay was used to detect the metronidazostametsi
gene (im). Susceptibility studies in metronidazole resistelinical isolates as well as positive controls
were performed according to Clinical and LaboratStgndards Institute (CLSI) guidelines. According t
disc diffusion method, of 53 isolates, 21 isolgd{#%.6%) were found to be metronidazole resistantther
screening of these isolates with PCR revealed b8lisolates (24.5%) carrym gene. Out of which 7 were
of B. fragilis, 3 were ofY. enterocolitica, 2 were ofE. coli and 1 was o8&. aureus. The highest number of
metronidazole resistant isolates were found in eds¢7) followed by intra-abdominal infection (5)da
bone and joint infection (1). When metronidazolsisent isolates were subjected to screen for theepce

of nim gene, all isolates were found to camfyn gene. According to minimum inhibitory concentratio
(MIC) data, among the tested antibacterial agéviehatic emerged as the most active antibacter@hag
metronidazole resistant isolatesBffragilis, E. coli, S aureus andY. enterocolitica with MIC values 0.125

to 1.0 ug mC*. Similarly, Antimicrobial Susceptibility Test (A§Tata also revealed that Mebatic was most
efficacious in the metronidazole resistant orgasisRtom the above results, it is evident that Mielzds
enhancedn vitro antibacterial activity compared to other drugsrietronidazole resistant isolates thus can
be a potent antibacterial agent for the treatméintfections caused by metronidazole resistant rigyas.
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1. INTRODUCTION anaerobic bacteria includeSaphylococcus  spp.,
Sreptococcus spp., Shigella, Yertinia enterocolitica and

Obligate and facultative anaerobic bacteria are aEscherichia coli (Gaetti-Jardinet al., 2010; Gus«t al.,
common causes of infections, some of which can be2011). Among theBacteroides species, Bacteroides
serious and life-threatenin@acteroides species are an fragilis group is the most prevalent organism accounting
important opportunist obligate anaerobic pathogbias for 41 to 78% of the isolates of this groug. fragilis
are commonly isolated from human polymicrobial constitute major part of gastrointestinal flora qBK,
infections. Some common pathogenic facultative 2008) but comprising least commBacteroides occur in
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fecal flora accounting only 0.5% of the bacteriagemt  geographic locations, all hospitals must surveyirthe
in stool. Obligate and facultative anaerobic baateave  sensitivity patterns and report any emerging rasist.
been reported to be involved in peritoneal infewio Unfortunately, most of the Indian hospitals are il
(Levinson, 2010), bacteremia (Brook, 2010) intra- €quiped for anerobes culture, hence detection exfodic
abdominal infections, diarrhea (Merired al., 2011) and ~ resistance becomes even a more challanging issue.
subcutaneous abscesses or burns near the anus,(Broo This study involved screening of the presenceiof

- . in clinical isolates collected from variouspitals
2008). The pathogenicity of these groups of orgasis gene in C N
mainly due to capsular polysaccharide which makes i ©f India and to study susceptibility of commonlyeds
antibacterial agents against thesa positive isolates.

protective against phagocytosis (Levinson, 2010).

Apart from Metronidazole which has been the drug of
choice for the treatment of infections caused by
anaerobic bacteria across the world for nearly dary
(Cohen et al., 2010), anaerobic microbes show

2. MATERIALSAND METHODS
2.1. Samples Collection

sensitivity to carbapenems, tigecycline, beta-lactnd
beta-lactamase inhibitor combinations. Howeverthia
past few years, metronidazole resistance amongaibli

A total of 53 (18 obligate and 35 facultative)
anaerobic bacterial isolates were obtained fronouar
clinical samples of 67 patients who are suspeddwve

anaerobes is a matter of concern as intermedictégbs  anaerobe infection and have been hospitalized riows
level resistance to metronidazole have been regorte hospitals of India (The name of hospitals can net b
(Alauzet et al., 2010). These species can also be disclosed due to confidential agreement). The issla
resistant to a number of other antimicrobial agenth ~ were identified asB. fragilis (n = 18),Escherichia coli
as beta-lactam agents (imipenem and cefoxitin),(n = 17), Saphylococcus aureus (n = 11), Yersinia
tetracycline and clindamycin (Boentet al., 2010;  enterocolitica (n = 7). All the samples were collected
Nakanoet al., 2011). Metronidazole resistance has beenwith aseptic precautions from intra-abodominal
reported in Europe (Naggt al., 2011; Hartmeyeet al., infection, absess and bone and joint infectionse Th
2012), United states of America (USA) (Schastal., clinical specimens were taken into Hi-Media Anaerob
2004) and Africa (Butat al., 2010). Transport Medium and have been delivered to thai¥en
It has been observed that resistance to beta-lactamMedicine Research Center, Baddi, Himachal Pradesh,
in obligate and facultative anaerobic organisms isindia, at the shortest possible time. Subsequently,
maily associated with Extended Spectrum Betaspecimens were cultured in BBL CDC Anaerobe 5%
Lactamase (ESBL) and Metallo Beta Lactamse (MBL) Sheep Blood Agar plates (Becton, Dickinson, USA).

production (Snydman et al., 2010). Whereas
mechanism for metronidazole resistanceBirfragilis
include the presence @fim genes, which encode 5-
nitroimidazole reductases that convert metronidazol
to a non-toxic amino derivative (Pumbwet al.,
2008), overexpression of the DNA repair protein,
RecA (Steffenset al., 2010) and disruption of the
electron transport chain (Lynchet al., 2013). 5-
nitroimidazole resistance genedmA to E, have been
identified to confer reduced susceptibility to 5-
nitroimidazole antibiotics on species of tBefragilis
group (Hartmeyeet al., 2012). Thenim genes encode
a 5-nitroimidazole reductase (Nagyal., 2011).

A very few data exist on the susceptibility of gjalie
and facultative organisms to antimicrobial
commonly used for eradication of these pathogehs. T
reports of acquisition of metronidazole resistabygeB.

agents

Plates were incubated at 37°C for 48 h.

Clinical isolates were identified to species level
using Vitek 2 system (BioMe rieux, Marcy, France).

All these isolates were stored at 80°C and were
cultured on an-aerobic agar medium (Hi-Media,
Mumbai, India) supplemented with 6% horse bloodrin
anaerobic atmosphere [10 Q0 H2, 80% N2 (v/v)] at
37°C.B. fragilis ATCC25285 was included as a control
organism. Organism collection, transport, confiriorat
of organism identification and development and
management of a centralized database were cooedinat
by Venus Medicine Research Centre (VMRC), Baddi,
India in assistance with Emerging Antimicrobial
Resistance Society (EARS).

2.2. Antibacterial Agents

The following antibacterial agents were used irs thi

fragilis from India emphasizes the need for a study tostudy: Ofloxacin+ornidazole (Mebatic, a novel aiutilz
assess more accurately the susceptibility profife o adjuvant entity, Venus Remedies Limited, Panchkula,

clinical isolates of obligate and facultative ardec
organisms. Since antimicrobial resistance in ar@Eso
varies from one hospital to another and betweereifit
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(lvmetro, Torrent Pharmaceuticals Limited, and nimR-5-GCTTCCTTGCCTGTCATGTGCTC-3'
Ahmedabad, Gujarat) and ciprofloxacin (Alcipro, that amplify a fragment of about 458 bp. PCR
Alkem Laboratories Limited, Mumbai, India). amplification was performed in a total volume of 20
23.Screening  of Clinical Isolates  for containing_200 pg of DNA, 0.5 mM of dNTPs, 1.25 uM
. . of each primer and 1.5 U of Taq polymerase (Baeglor
Metronidazole Resistance Genei). PCR amplification was carried out on a BEplpef
Initial  determination of the metronidazole thermocycler (Germany) with cycling conditions:tiai
susceptibility of each isolate was carried out by adenaturation at 96°C for 5 min followed by 32 cycle
standard disc diffusion test on CDC Anaerobe 5% €ach of denaturation (94°C for 60 sec), annealy&j
Sheep Blood Agar plates with a 5mg metronidazolefor 120 sec), extension (72°C for 120 sec) andlfina

disc (Hi-Media, Mumbai, India). extension (72°C for 7 min), for the amplificatiof @m
_ _ gene. After amplification, PCR products were seteala
2.4. Preparation of Nitroreductase Extract on a 1% (w/v) agarose gel containing 25 pg of @tinid

bromide in Tris-EDTA buffer and the gel was

for 4 min. The pellet was weighed and equal amatint photograph(_ed under uItre}vioIet illumination usingl g
lysozyme was added and then pellet was suspended idocumentatlon system (B'O'R‘f’ld’ USA).' A 100—b_p DNA
phosphate buffer saline (PBS; 10 mM, pH 7.4) ireotd ladder (GeNei, Banglore, India) was m_cluded |_n_heac
disrupt bacterial cells. The solution was incubated run. PC_R products from control strau_& frag||_|s
37+2°C for 2 h and then centrifuged at 7000 rpm1@r 638R (kindly gifted by Dr. ND Chaurasiya, National

min. The supernatant (crude extracts) was usesasrae of ICen_ter forf l\lljahtural Produ?s S R_esearch,s I?]es?arcfh
enzyme and stored at -70°C until use. nstitute o armaceutical Sciences, School o

Pharmacy, University of Mississippi, University, MS
2.5. Nitroreductase Enzyme Assay USA) was used as references for nim gene sizing
analysis. The presence of an amplicon of 458 bewer
considered as presumptive positive.

Overnight grown cultures were centrifuged at 5098 r

The nitroreductase enzyme assay was carried ou
according to the method described by &adl. (2009).
The reaction mixture comprised of Tris-acetate (1002.8.Determination of Minimum Inhibitory
mM Tris-HCI, 50 mM acetate buffer, pH 7.0), 30 uM Concentrations (M1Cs)
metronidazole as a substrate, half MIC of different ) o
drugs as inhibitors, 0.3 mM NADPH or NADH and MICs were determined by agar dilution method
enzyme in a 1 mL reaction volume. The assay wasaccording to the Clinical and Laboratory Standards
carried out at 25°C in a UV-visible spectrophotoenet Institute (CLSI) guidelines (CLSI, 2013) using ttest
(Shimadzu, Japan) in quartz cuvettes with a 1-cth pa organism at a concentration ox@’ cfu mL™. B.
length. The results of the assay were determined byfragilis ATCC25285 was used as reference strain.
measurement of the oxidation of NADPH or NADH at

-1
340nm (£ 6.22 mm‘fm )'_ | Susceptibility (AST) by Cup Plate Method
2.6. Deoxyribo Necleic Acid (DNA) I solation The cup-plate agar diffusion method, a

DNA from all metronidazole isolates was extracted modification described by chaudhag al. (2012),
according to the method described by Atashgaal., was adopted to assess the antimicrobial suscaptibil
(2010). Five ml of overnight anaerobic grown baieer of the selected drugs. Inoculum containing® tu
culture was used for the DNA isolation. DNA purity mL™ of test strain was spread with a sterile swab on a
and concentrations ~ were  measured  with petri dish containing CDC blood agar plates and the
spectrophotometer (260/280). cups were made in the agar plate using a sterile co
2.7. Polymer ase Chain Reaction (PCR) borer (6.5 mm). Then, 30 ul__ of the _drug preparation

was placed in the wells using a micro-pipette. The

Thenim gene was detected using previously reportedplates were incubated in an anaerobic atmosphére [1
primer (Vermaet al., 2012). Primers were synthesized CO,, 10 H2, 80 N2 (v/v)] at 37°C for 48 h. After
from Sigma Aldrich Chemicals Private Limited, incubation the zone of inhibition around the wellas
Bangalore, India. Primers used for amplificationreve measured in mm (millimeter), averaged and the mean
nimF-5'- ATGTTCAGAGAAATGCGGCGTAAGCG-3  values were recorded.

2.9.Determination of Antimicrobial
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3. RESULTS

3.1. Identification of Clinical |solates

All of the clinical isolates obtained from various
clinical specimens were identified to Befragilis (18), E.
coli (17), S aureus (11) andY. enterocolitica (7) based on
their morphological and biochemical characterizatiour
data showed the highest number Bffragilis isolates
were recovered from intra-abdominal infection (9)
followed by abscess (7) and bone and joint infecti).

abscess (7) followed by intra-abdominal infectid) (
and bone and joint infection (1). Timém gene positive
isolates were used for further study.

3.2. Nitroreductase Enzyme Assay

The effect of all selected drugs on nitroreductase
enzyme inhibition was determined and results showed
that Mebatic brought about 86 to 89% inhibition in
nitroreductase activity whereas other comparatoigsir
produced only 7 to 10% inhibitioTéble 2).

For E. coli, the greatest number of isolates were recovered3.3. MIC

from intra-abdominal infection (9) followed by aless
(8). Of 11S aureus isolates, 6 were obtained from bone
and joint infections and 5 were from abscess.
enterocolitica was only recovered from intraabdominal
infection. Overall, the greatest number of isolatese

As shown in theTable 3, Mebatic emerged as the
most active antibacterial against metronidazoléstast
facultative and obligate anaerobic isolateBofragilis,

E. coli, S aureus andY. enterocolitica with MIC values
0.125 to 1.0 pg ml. Ofloxacin was found to be second

recovered from intra-abdominal (25; 47.1%), folloWgy  most active antibacterial agent with MIC valueso18t
abscess (20; 37.7%) and bone and joint infecti@®s ( ;g mL™ for E. coli, S aureus and Y. enterocolitica
151%) When all of these 53 isolates were Subjefﬁe whereas MIC foB. fragi”s was 8 to 128 ug m—|]_'_ The
selection of metronidazole resistance by disc siffo MIC values for ciprofloxacin againsE. coli and S
method, 21 isolates (39.6%) were found to be aureuswas 2 to 16 pg mLt and 2 to 32 ug mt and 8
metronidazole resistant. When these metronidazoleto 128 pg mC* were observed foY. enterocolitica and
resistant isolates were subjected to PCR to sdeethe B. fragilis, resPectiver. Ornidazole MIC values for was
presence of nim gene, only 13 isolates were coefirio 8 to 64 pg mL" for B. fragilis andS. aureus and 8 to 128
be positive withnim gene. Of which 7 were oB. pg mL? for E. coli and Y. enterocolitica. The
fragilis, 3 were ofY. enterocolitica, 2 were ofE. coli and ~ metronidazole MIC values fd. fragilis was 8 to 64 pg
1 was ofS aureus (Table 1 and Fig. 1). The highest ML " whereas 16 to 128 pg riiL for S aureus and 16 to
number of metronidazole resistant isolates weredan 128 ug mL" for E. coli andY. enterocolitica.

A B C D E F G H I J K L M N O

Fig. 1. Agarose gel showing PCR amplified products of neneain clinical isolates. Lane H 100 bp DNA sizerkeg Lane Ato G
and | to N nim (458 bp); lane O nim Positive cohBofragilis 638R (458 bp)

Table 1. Source of clinical isolates

Sources
Metronidazole Metronidazole

Intra Bone and resistant isolates by resistaatss
Name of isolates abdominal Abscess joint infection$otal (53) phenotypic method (%) by PCR (%)
Bacteroides fragilis 9 7 2 18 10 (55.5) 7 (38.9)
Escherichia coli 9 8 0 17 4 (23.5) 2(11.7)
Saphylococcus aureus 0 5 6 11 2(18.2) 1(9.1)
Yersinia enterocolitica 7 0 0 7 5(71.4) 3(42.8)
Total 25 20 8 53 21(39.6) 13 (24.5)
////4 Science Publications 59 AJID
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Table 2. Effect of drugs on nitro-reductase activity of niwsitive isolates
% inhibition of nitro-reductase activity

Name of drugs Bacteroidesfragilis  Escherichiacoli Saphylococcus aureus Yersinia enterocolitica B. fragilis 638R
Mebatic (Ofloxacin+ 86.31+6.5 87.5+7.3 86.8+8.1 aRd 88.31£7.8
Ornidazole+VRP006)

Ornidazole 10.1+1.2 8.4+0.9 9.3+1.1 9.4+0.9 8.2+0.
Ofloxacin 9.8+1.1 8.6+1.0 8.5+0.9 8.7+1.0 8.4+0.8
Metronidazole 8.8+1.3 8.6+0.9 9.2+1.1 8.6+0.9 8.7+0
Ciprofloxacin 7.4+0.8 7.5+0.8 8.5+1.0 10.3+0.9 7.%8t8

Table 3. Minimum inhibitory concentration test of drugs ags anaerobic strains

MIC (ug/mL)

Bacteroides Escherichia Saphylococcus  Yersinia B. fragilis
Name of drugs fragilis coli Aureus enterocolitica  ATCC25285  B. fragilis638R
Mebatic (Ofloxacin 0.25-1.0 0.125-1.0 0.25-1.0 G120 0.13 0.25
+Ornidazole+VRP006)
Ornidazole 8.0-64 8.0-128 8.0-64 8.0-128 2.00 16.0
Ofloxacin 8.0-128 1.0-8.0 1.0-8.0 1.0-8.0 1.00 016.
Metronidazole 8.0-64 16-28 16-64 16-128 0.25 16.0
Ciprofloxacin 8.0-128.0 2.0-6 2.0-16 2.0-32.0 2.00 2.03

Table 4. Antimicrobial susceptibility of drugs against anabic strains
Zone of inhibition (mm)

Bacteroides Escherichia Saphylococcus Yersinia B. fragilis
Name of drugs Fragilis coli aureus enterocolitica ATCC25285 B. fragilis638R
Mebatic Ofloxacin 22.7+2.1 26.5+2.4 24.7+2.3 25.2+2 29.2+2.4 26.3+2.3
+Ornidazole +VRP006)
(5:12.5 ug)
Ornidazole (30 ug) 15.5+1.1 No zone No zone No zone 20.4+1.9 10.5+1.6
Ofloxacin (5 ng) No zone 19.4+1.8 18.2+1.2 17.4+1.5 22.4+2.2 11.2+1.3
Metronidazole (30 pg) 11.2+1.1 8.4+1.0 7.2+0.8 1.0+ 22.242.1 8.2+1.0
Ciprofloxacin (5 pg) 8.6+1.2 14.6+1.1 13.5+1.2 1210 21.6£1.7 12.5+1.1
S =21, 1= 16-20, R=15
3.4.AST morbidly and mortality in developing countries (Aldhal.,

2013). The development of resistance to metronigazo
millimetre for all strains and presented in fhable 4. EZ?rlggidégolge?;;an;; :r?lI:repaggrquhatshebegﬁu:z;or(t)(fe
Mebatic was found to be most effective against all _ :

g (Buta et al., 2010; Sokiet al., 2013). Numerous studies

clinical isolates as evident by zone of inhibition P .
values between 22 to 26 mm. Other tested drugshave demonstrated the incidence ofetronidazole

including ofloxacin, ornidazole, metronidazole and reﬂ'stz.mcein recent years (Alauzetal., 2010; Lynctet al.,
ciprofloxacin displayed intermediate to resistant 2013; Abdollahiet al., 2011). In a study conducted by

The zones of inhibition were calculated in

profile against all of the clinical isolates. Datta et al. (2005) reported that 85% strains of
Helicobacter pylori were resistant to metronidazole. In
4. DISCUSSION other previous studies, metronidazole resistance in

Bacteroides spp. has been noted to be varied from 5 to
The implications of anaerobic microbes in the human>15% (Gal and Brazier, 2004).
infections is well known. The infections caused by  Our PCR data revealed that 13 (24.5%) isolates were
anaerobic bacteria are some of the most importarses of  metronidazole resistant suggesting nim genes aite qu
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common in metronidazole resistant clinical isolates thus can be a potent antibacterial agent for tagrtrent of

Intrestingly, our results showed that in additian B. infections caused by Metronidazole resistant ogyasi
fragilis, nim gene was detected across a number of
facultative anaerobes speciesgscoli, S. aureus and . 6. ACKNOWLEDGMENT

enterocolitica which indicates transferability ofimA ) o )

environments. It has also been reported earliet thaResistance Society (EARS), Chandigadh, India for
metronidazole resistance could be a consequentieeof ~Providing assistance to carry out this study. We also
activation of nim gene as a result of point mutatio thankful to all centres for providing clinical isdés.
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