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Abstract: Problem statement: An increased resistance to antibiotics has beerorreg in
Klebsiella pneumoniae, an opportunistic gram negative pathogen belontprigntrobacteraceae due to
the evolution and spread of plasmid encoded extbrsectrum beta lactamases and other genes
conferring cross-resistance to other antibiotichisTis of concern due to the increasing cost of
antibiotic treatment and the spread of multidrugistance to more pathogenic microorganisms. This
study was undertaken to analyze the extent of tblel@m, to identify the most prevalent MDR isolates
of Klebsiella pneumoniae in Chennai and to identify new plant based dru#gsproach: About 188
clinical isolates oKlebsiella pneumoniae were collected from Chennai during the period N2QRO7-
Oct. 2008 and their resistance to different groopsntibiotics were analyzed. These isolates were
further characterized by molecular studies to iferthe ESBL genes conferring the resistance
phenotype. Plant extracts were tested against th&® Nsolates to identify new treatment methods.
Results: Our results showed that the combination therapgiafulanic acid with cephalosporins and
fluroroquinolones-norfloxacin and ciprofloxacin weethe most effective antibiotics for treatment of
Klebsiella pneumoniae infections. However resistance to clavulanic as@s increasing among the
isolates (17%). All the isolates harbored a plasoodtaining one or more of the genes for ESBL
resistance. Plasmid isolation from the Isolatel¥etd by ESBL PCR genotyping showed that CTX-
M was present in 75 % isolates and TEM in 73% issl@ither alone or in combination with the other
ESBL genes. SHV ESBL type was present only in 429alates. We identified 4 presumptive clonal
spreads which were likely to be prevalent in Inbia clustering based on ESBL genotypic and
antibiotic resistance. The isolates with both SHM &£TX were correlated with the most pathogenic
and clavulanic acid resistant isolates. The exdratiHemidesmus indicus and Terminalia arjuna had a
significant antimicrobial activity against the MDOBolates.Conclusion: There was an increase in the
spread of the ESBL genes and clavulanic agiesistance in the clinical isolates of
Klebsiella pneumoniae in Chennai. Our data also supported a higher émaid of CTX-M genotype in
India though the SHV genotype was associated Wemtost resistant forms of ESBL. Future research
with separation of plant extracts to identify bitvae principles will pave the way for newer plant
based antibiotics.
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INTRODUCTION spread worldwide and pose a serious threat forttheal
care-associated infectidHs Increasingly the ESBL
Klebsiella pneumoniae is an opportunistic Klebsiella pneumoniae are also showing co-resistance
pathogen that causes a significant proportion ofo quinolones and aminoglycoside antibidtifispresent
hospital-acquired urinary tract infections, pneumpn in plasmids which can be transferred by conjugatmn
septicemias and soft tissue infectidhsStudies have other strains.
shown that Extended-Spectrum Beta-Lactamase The resistance to antibiotics can be of the
(ESBL)-producingKlebsiella pneumoniae have rapidly  following types (1) Drug inactivation by degradatior
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modification enzymes such as beta lactamaces arfdmily that protects DNA rase from quinolone
aminoglycoside transferases, (2) Alteration of dneg  inhibition has also been reported
target (3) Emergence of a bypass pathway not it@dbi Other groups of antibiotics that is used is aniikac
by the drug (4) Reduced membrane permeabilitytfer t which inhibits protein synthesis by binding to t8@S
drug (5) Drug efflux from the cells. Resistance doe ribosomal subunit to prevent the formation of an
drug efflux can result in multi-drug resistance.e$a initiation complex with messenger RNA. Amikacin
genes can be present in the chromosome or plasmi@sistance irklebsiella is due to the presence of aac
within integrons which help in horizontal transtérthe ~ (6)-Ib gene which encodes many variants of an
antibiotic resistance. aminoglycoside-acetyltransferase enzyme first adone
Beta lactam antibiotics disrupt the synthesishef t ffom PMET1 an MDR plasmid in Klebsielfa
peptidoglycan layer of bacterial cell walls by mimig ~ 1/imethoprim is an antimetabolite antibiotic which
a portion of the bacterial peptidoglycan interferimith ~ 2inds to dihydrofolate reductase and inhibit foriomt
the action of the transpeptidase enzymes. Continged ©' dtgatrag)édrofohc aug. dTrf|n|1ethop(;|m rS|stanc$Wr|]s_
of cephalosporins have resulted in the emergence (%‘e lated by a mutant dydrofolate reductase genenwhi

) ) . insensitive to Trimethoprim.
resistance. The most common mechanism of resistance D : -
o . ) These antibiotic resistance genes present within
to beta lactam antibiotics is the production of,

chromosomal or plasmid encoded beta-lactamasgtegrons giving a selective advantage to thestizo

enzyme that catalyze the hydrolysis of beta-lacaid ading 1o the clgr_lal spre.ad these highly resistant
bond of the antibiotics to give the correspondimgab pathogeng. In addition th_e integorns can aI;o.captu
amino acid devoid of antibacterial actiVfly Extended ~Mere resistance determinants. Therefore it is very
Spectrum Beta Lactamases (ESBLs) are a group dfPortant to identify the prevalent clones of resis
enzymes that can hydrolyze the isolates and characterize the plasmids presenhén t
oxyiminocephalosporins  such as  cefotaxime,antibiotic resistant isolates. Regular monitoring o
ceftazidime, cefepime). There are more than 20@ntibiotic resistance patterns are essential indedeg
subtypes of ESBL which are believed to have evolvedhe effective antibiotics for healthcare regimes.
from a few common ancestral types. The most common
ESBL enzymes belong to TEM, SHV, CTX-M and MATERIALSAND METHODS
OXA types. From these ESBL enzymes, amino acid o . ) o
substitutions have lead to high spectrum of ESBLBacterial isolates: One hundred eighty eight clinical
Subtypes with Changes in isoelectric pH and sutastra ISO|ateS Ofl{ebSIeHa pneumonla CO”eCted from tel‘tlal‘y
specificity. The ESBL genes occur in plasmids withi care hospitals during Nov. 2007-Oct. 2008 and were
integrons which aid in Capturing genes Conferringsubjected to routine culture and antibiotic Susbdmy
resistance to other antibioitcs. testing. Each isolate was stored as a glyceroksioc
Fluoroquinolones are powerful broad-spectrumthe-20°C. The isolates dflebsiella pneumonia were
antimicrobial agents used for the treatment of dewi collected from different sources-urine-66 sputund an
variety of community-acquiredand nosocomial Pus 115 and blood-7.
infections including ESBL infections. The prototype o o o o
quinolone is nalidixic acid and the other CommOmyAnt!bmtlc susceptibility test: Anublotlc susceptibility
used  fluroroquinolone  derivatives include testing was performed according to standard mettods
ciprofloxacin, norfloxacin and levofloxacin. These 0N Mueller Hilton agar (Hi media).The antibioticsel
chemicals inhibit topoisomerase II, a DNA gyrase(ug disk?) were ampicillin (30ug mL™), piperacillin,
and DNA topoisomerase IV to inhibit DNA Norfloxacin (10), Nalidixic acid (30), CIprOﬂOXﬂEI
replication. Fluoroquinolone resistance arisesugto  (30),  Levofloxacin  (5), Chloramphenicol  (30),
specific mutationswithin the target proteins DNA Amikacin (30), Trimethoprim (30), Cefomandole (30),
gyrase and topoisomerase I§t position 83 or 87 Cefoperzone (75), Cefoxitin (30), Ceftazidime (30),
within DNA gyrase A and position 80 or 84 within Cefotaxime (30) and Amoxyclav (30 mcg dicwere
the ParC subunit of topoisomerad¥. Energy- used for isolates from samples collected. The tesul
dependent efflux andporin loss have also been were interpreted as per the guidelines of the NCCLS
shown to confer a fluoroquinolone resistance phgreot controf*?.
in K. pneumoniad®. Plasmid-mediated resistance
mechanisms to fluoroquinolone due to gnrA whichTransconjugation experiments. Transconjugation
encodes a 218 amino acid protein of the pentapeptidexperiments were performed for all isolates which
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showed resistant to amoxyclav. Transcon'ugati(_)rewersinensis, Holarrhena antidysentrica against ESBL

performed according to standard metHdtisMating producing organisms. Plant extract were prepared as

was performed witlfe. coli 1652 nalidixic acid resistant described by Ahmeet al.*®. Three hundred fifty grams

as recipient strain.Transconjugation was selected Opf dry plant powder was soaked in 150 mL ethanol or

Mac ankey agar supplemented with nalidixic acid an ethyl acetate, 3-4 days. The extraction was passed

cefotaxime. through the filter paper and dried in water bathe T
crude extract was prepared by dissolving known

Plasmid isolation: The selected isolates of gmount of dry extract in DMSO to have stock solutio
K. pneumonia were for the presence of plasmid by 45 mg mL? concentration.

alkaline lysis method*". Plasmid samples 16 were

electrophoresed through 0.7% agarose containing’I - : duGi L
ethidium bromide 2iL, with reference 1 Kb molecular ant activity against ESBL producing organisms

weight were calculated with the help lab imageAntimicrobial assay was done by agar well dilution

software provided with gel documentation system,  method”* with control. Test organisms were diluted
to 0.1 mL and spread on MHA plates. Well of 6 mm

Detection of ESBL gene by PCR: Plasmid DNA were  Punchedin _agar medium and filled with #0of
detected for the presence for class A enzymes 8LES 10 mg mL" concentration with blank (DMSO)
using PCR.Primers for Class A enzymes TEM/F: 5-Separately and incubated for 37°C overnight. Zohe o
ATAAAATTCTTGAAGAAGACGAAA-3° TEMIR inhibition was measured in mm.
5-GACAGTTACCAATGCTTAATC-3; SHV/F. 5'-

TCGTTATGCGTTATATTCGCC-3, SHV/R- RESULTS
5'GGTTAGCGTTGCCAGTGCT-3'; CTX-M/F-5'-

CGCTTTGCGATGTGCAG-3and ~ CTX-M/R:  5- A total of 188 isolates oKlebsiella pneumoniae
ACC_G_CG_ATATCGTTGGT'?’ were used for the \yere collected from urinary (66), blood (7), pusdan
amplification of bla genés). sputum samples (115) from hospitals in Chennainguri

the time frame Nov 2007-Oct 2008. The isolates were
Clustering of antibiotic resistant isolatess The  tested against a total of 15 antibiotics belongimghe
Resistance response to each antibiotic was giwmome four classes of antibiotics based on their mechamg
of 1 while sensitivity or intermediate response wasaction (Table 1). The antibiotic resistance patesre
given 0 score. The isolates were first clustereskiaon ~ shown in Table 2a and b.
their ESBL PCR reaction into 7 groups-those withyon Plasmids from each isolate was isolated and a
TEM, SHV or CTX-M and those with any two ESBL SPecific PCR was performed for the three types of
and those with all the three ESBL. Then they were=SBL (Fig. 1). The TEM PCR amplified a fragment of
clustered into similar group using the sort functiof 1080 bp, CTX-M, 551 bp and SHV 861 bp. The
microsoft excel. Those with identical phenotypesave isolates were scored for the specific amplificatién

clustered into one group and identified as a prigab total Of 152 isolates were scored_ fo_r ESBL
single clonal spread genotyping. The results are shown in Fig. 1 and

Table 3.

The isolates were clustered based on their ESBL
phenotype and response to different groups of
antibiotics. Isolates with identical resistancetgat to
the 15 antibiotics used and the 7 ESBL PCR types
were clustered to identify clonal spreads. The daita
shown in Table 4. Plasmids isolated from a few MDR
cultures were analyzed by restriction digestion.

Four isolates were chosen to study the effect of
antimicrobial extracts. The clearing zone obtaibgd
using the plant antimicrobial extract is shown i
Preparation of plant extracts: The selected medicinal Table 5. The extracts which gave the maximum
plants were Punica granatum, Delonix regina,clearing zone were taken as potential plants tdystu
Hemidesmus indicus, Terminalia arjuna, Camelliafurther.
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Restriction pattern of plasmid: Restriction digestions
were performed using Hind Ill and BamH | with
selected isolates. About|@d of enzymes were diluted
by addition of 18 pL of 10x assay buffer. Total kiog
reaction mixture of restriction digestion were mangke
to 25 uL with distiled water (DNase free water)
included 8 uL of sample plasmid DNA. This digestion
showed variable plasmid profile.
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Table 1: The antibiotics used in this study andr timede of action

Antibiotic group Antibiotics used Mode of action
Beta lactam Ampicillin Beta lactams share streadtsimilarity with bacterial cell wall
antibiotics Piperacillin precursors and act ascidei substrates of the D,D-transpeptidase
2 G cephalosporins Cefoxitin catalytic domaintd penicillin binding proteins responsible for the
Cefamandole last cross-linking step of cell veattembly.
3 G cephalosporins Ceftazidime
Cefotaxime
Cefotaxime
Quinolone Nalidixic acid Inhibit DNA topoisomeraier DNA gyrase to inhibit DNA replication
Ciprofloxacin and repair.
Norfloxacin
Levofloxacin
Metabolic inhibitor Trimethoprim Binds to bactdriihydrofolate reductase and interfers with théalp
of p-aminobenzoic acid(PABA) for conversion ttid acid.
Inhibitor of bacterial Chloramphenicol Bindingttze 50S ribosomal subunit and blocking the fornratibthe
translation peptide bond by inhibiting peptidyrsferase activity.
Amikacin By irreversibly binding to specific 3G$tbunit proteins and 16S rRNA

and prevent the formation of an initiation compWwith messenger RNA.

Table 2a: Percentage resistance to cephalospdibiatics in clinical isolates dKlebsiella pneumoniae

2 G cephalosporingos) 3 G cephalosporinss)

Amp Piperacillin Amoxiclav

(%) (%) Cefoxitin Cefamandole  Ceftazidime Cefotagim Cefoperazone (%)
Urine (n = 66) 100 94 97 82 74 73 73 23
Miscellaneous (pus 100 100 89 70 66 63 68 10
and sputum) (n = 115)
Blood (n=7) 100 86 100 86 71 71 71 71
Total 100 97 92 74.5 69 66 70 17

Table 2b: Percentage resistanc&lgbsiella pneumoniae isolates to quinolones and other antibiotics
Quinoloneg%)

Trimethoprim  Amikacin Chloramphésol
Nal Cip Nor Levo (%) (%) (%)
Urine (n = 66) 67 47 46 58 74 73 47
Miscellaneous (pus and 88 37 40 56 62 7 38
sputum) (n = 115)
Blood (n=7) 57 43 58 43 86 43 29
Total 61 41 39 56 67 74 41
R EM Table 3: Shows the number of clones amplifying BE®BL type
CTX-M 0 either alone or in combination with the other types
23% ESBL amplification No. of clones (%)
TEM 112 (73)
SHV 65 (42)
CTX-M 116 (75)
SHV-CTX-M
L DISCUSSION
TEM-SHV
10% A total of 188 Klebsiella isolates from Chennai

collected during one year were analyzed for their
response to Cephalosporins, Quinolones,
Aminoglycosides and Trimethoprim.
In the clinical isolates studied, the resistamc@nd
Fig. 1. Distribution of ESBL genotypes in the ctiai  generation Cephalosporin antibiotics such as cafihox
isolates (n = 152). Plasmids were extractedand cephamanlole was very high. Thdebsiella
from each isolate and PCR was performed withisolates from urinary samples showed 97 resistamce
ESBL specific primers. Isolates were scored forcephoxitin and 82% to cephamandole; slightly lower
specific PCR amplification by agarose gelresistance to ceftazidin (74), cefotaxime 73 and
electrophoresis cefoperazone (73%). Among the isolates fromwgput

77

TEM-CTX-M

32%



Am. J. Infect. Dis., 5 (2): 74-82, 2009

Table 4: Shows the distribution of isolates in e&3BL genotypic group. The isolates in each ESBietwere scored for their resistance to
each antibiotic (1 for resistance and O for Intefiate or sensitive) and were clustered for idehfiedterns. No. of isolates in each
cluster are indicated. Those groups which are teegiso more than two groups of antibiotics aréetisas MDR. Total number of
isolates were 154

Tri Chl  Isolate cho

,_
o)
<
>
2

ESBL type No. of isolates Cla Cn Cm Ca Ce GCs Nal p Ci Nor

Only TEM 4 0 1 0 0 0 0 0 0 0 0 0 1 0

8 0 1 1 0 0 0 0 0 0 0 0 1 0

Only SHV 10 MDR 0 1 1 1 1 1 1 1 1 1 1 0 1

Only CTX-M 1 0 1 1 1 1 1 1 0 0 1 1 1 0
1 MDR 1 1 1 1 1 1 1 1 1 1 1 1 1 uT1644
1 MDR 0 1 0 1 1 1 1 1 1 1 1 1 0 MS3379

1 MDR 0 1 1 1 1 1 1 1 1 1 0 1 1

1 MDR 0 1 1 1 1 1 0 1 1 0 1 1 1

24 0 1 0 0 0 0 1 0 0 1 0 1 0
TEM- 2 MDR 0 1 1 1 1 1 1 1 1 1 1 1 1 uT2851

CTXM- 1 0 1 1 1 1 1 0 0 1 0 1 0 1

SHV 26 0 1 1 1 1 1 0 0 0 0 1 1 1

1 0 1 1 1 1 1 1 0 0 0 0 1 0

5 0 0 0 1 0 0 0 0 0 0 1 1 1

TEM-SHV 10 MDR 1 1 1 1 1 1 1 1 1 1 1 1 1
1 MDR 0 1 1 1 1 1 1 1 1 1 1 1 1 uUT1658

1 MDR 1 1 1 0 1 1 1 1 1 1 1 1 1

4 0 1 1 1 1 0 0 0 0 0 0 1 0

TEM-CTX 1 MDR 1 1 1 1 1 1 1 1 1 1 1 1 1

1 MDR 1 1 1 1 1 1 1 1 1 1 1 1 0

5 MDR 0 1 1 1 1 1 1 1 1 1 1 1 0

1 MDR 1 1 1 1 1 1 1 1 1 0 1 1 0

8 MDR 0 1 1 1 1 1 1 1 1 1 1 0 0

3 MDR 0 1 0 1 1 1 1 0 1 1 1 1 0

9 0 1 1 1 1 1 1 1 0 1 1 1 0

7 0 1 1 1 1 1 1 0 0 0 1 1 0

3 0 1 1 1 1 1 0 0 0 1 1 0 0

2 0 1 1 0 0 1 0 0 0 0 0 1 0

8 0 0 0 0 0 1 0 1 0 0 0 1 0

SHV-CTX 1 MDR 0 1 1 1 1 1 1 1 1 1 1 1 1
2 MDR 0 1 1 1 1 1 1 1 1 1 1 1 0 MS3358

1 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 5: The antimicrobial activity of plant extta@gainst the MDR isolates is shown here. Theridlgaone around the plant antimicrobial
disc was measured in mm and reported here. Planhcex used werdunica granatum, Delonix regina, Hemidesmus indicus,
Terminalia arjuna, Camellia sinensis, Holarrhena antidysentrica. Column A represent the acetone extract and colBmepresents the
ethyl acetate extract. Plant extracts giving aiiggnt clearing zone and antimicrobial activityeahown in bold

Punicagranatum Delonixregina Hemidesmusindicus  Terminaliaarjuna Camelliasinensis Holarrhena antidysentrica

Isolate ID A B A B A B A B A B A B
uT2851 11 14 14 0 13 16 12 13 0 0 10 11
MS3379 17 12 12 10 22 19 21 16 10 12 13 15
uTI658 13 12 11 12 16 18 18 19 0 16 10 11
MS3358 16 100 O 0 14 11 15 14 0 0 11 12
uTI644 14 13 0 12 15 12 14 12 0 13 10 13

and pus 89 were resistant to cefoxitin, 70 toincreasing prevalence of clavulanic acid insensitiv
cefamandole, 66 to ceftazidine, 63 to cefotaximd an ESBL enzymes in Indian isolates.
68% to cefoperazone. The percentage resistance was We explored the use of other groups of antibiotics
higher in blood isolates with 92 resistance to gigfee,  with a different mode of action such as the
74.5 to cefamandole, 69 to ceftazidine, 66 tofluroquinolone group, trimethoprim, a metabolic
cefotaxime and70% to cefoperazone. inhibitor and chloramphenicol or amikacin which
Clavulanic acid is a potent inhibitor of class ainhibit translation. We found that resistance to
ESBL enzymes and is used in conjunction withtrimethoprim which functions by inhibiting the enmg
cephalosporins. In our study we found 16.5% of thedyhydrofolate reductase essential for uptake of RAB
isolates were resistant to Amoxyclav, showing thewas also high at 66% resistance. Among the aniiisiot
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inhibiting translation amikacin which inhibits by M-15 gene in clinical isolat&d and there has recently
specific 30S-subunit proteins and 16S rRNA showecdeen a report of the sequencing of CTX-M-28 ESBL
73% resistance. Chloramphenicol showed only 40%gené&*. The CTX-M-15 were isolated in 1999 from
resistance but its use is confined to life-threimtgn patients hospitalized in a New Delhi hospital asd i
diseases since it is a potent inhibitor of mitoadrial  likely to be endemic to Indf.
protein synthesis in eukaryotic cells. Our data suggest that TEM and CTX-M are higher
As a group quinolones were more effective within the Chennai population compared to the SHV type.
resistance ranging from 38 for norfloxacin to 618 t However the SHV types are correlated with resisanc
nalidixic acid. Nalidixic acid is the prototype gqoione even the 3rd generation cephalosporins. The isoleité
which inhibits DNA gyrase binding to DNA in 2 or more ESBL types could have emerged due to
Enterobacteraceae. Ciprofloxacin and norfloxacia arrecombination between the ancestral plasmids or
1st Generation fluoroquinolones with broader attivi transposition of the drug resistance genes. Wedfaun
against Gram negative bacteria. Resistance tortedb high frequency of isolates containing the combaoratf
spectrum 2nd  Generation fluoroquinolone drugCTX-M and TEM. Though the clones containing SHV-
Levofloxacin is marginally higher at 55%. A higher TEM were only 10 they correlated with the amoxuclav
resistance to levofloxacin has been reported infesistant clavulanic acid sensitive, MDR isolates.
Singapore before its clinical use and this has been The clustering of th&lebsiella isolates based on
attributed to cross-resistance to other quinol@redue the ESBL typing and response to 15 different atits
to the agricultural use of quinoloris _ gave us a method to presumptively identify clonal
From this study it emerges that the fluoroquinelon spreads. We identified 4 prevalent clones basethisn
antibiotics norfloxacin and ciprofloxacin may be method: One group with TEM, SHV, CTX-M ESBL,
recommended for ESBL outbreaks. However incidencegesistant to all cephalosporns,  trimethoprim,
of these two antibiotics are also on the raise. chloramphenicol and amikacin but susceptible to
Resistance to beta lactam antibiotics is due ¢o thquinolones. Next clone has only CTX-M ESBL and is
presence of ESBL genes which can be various typesesistant to cephalosporins but susceptible tthalbther
The specific ESBL gene present in each isolate wagroup of antibiotics used. Next are the highly MDR
identified by specific PCR. We found that CTX-M &p isolates with only SHV ESBL resistant to all aniliis
was most prevalent being preent in 75 isolates¥e@t  except amikacin; and the last with TEM-SHV ESBL
by TEM in 73 and SHV type in 42%. The SHV isolatesyhich were resistant to all antibiotics used ancrewe
were resistant to all the cephalosporin antibiotised.  clavulanic acid insensitive. These two clones agaif
The TEM isolates were sensitive to the 3rd Genemati resjstant and must be checked from further spread.
cephalosporins, though there may be two subtypes Among the other isolates 14 other groups were
differing in their sensitivity to cefamandole. TRE'X-  identified as MDR of which 5 were insensitive to
M isolates appear to have two subtypes differing injayylanic acid. These isolates are likely to harbo
their sensitivity to the 3rd generation cephaloBEOr  plasmids which have resistance genes for more all
The substrate specificity of the ESBL subtypesdwre  5nipiotics and are therefore highly pathogenicosh
to amino acid substitutions which lead to evolutn \ hich are resistant to all the antibiotic groups afso
different subtypes. . candidates for mutations in the drug efflux pumipse
SHV-type ESBL were the first enzymes reportedis can give high resistance to drugs.
beta-lactamas$€’ and resistant to cefotaxime, cefoxitin, In our study we found the isolates containing SHV

cefamandole were originally chromosomal but nowggpg| type were the most pathogenic and were highly
found in plasmids. The SHV ESBL are prevalent inyggjstant, followed by CTX-M type which shows co-
USA, Europe and Latin America. TEM type ESBLS regjstance to a few quinolones and amikacin. Thstle
have been found to be predominant in lItaly andyathogenic were the isolates containing TEM type

Francé®. The CTX-M-encoding genes are believed toESBL which were resistant to only 2 G cephalosggoin
have been captured from the chromosom&lafvera  and amikacin.

spp. on conjugative plasmids that mediate their
dissemination among pathogenic enterobacteria.riReceRestriction analysis of chosen MDR isolates: All the
reports have suggested that CTX-M is prevalentsiaA Klebsiella isolates in this study contained plasmids
and could represent a major reservoir for CTX-Mharboring resistanace genes (Fig. 2). We analyzed t
gené’. In a study in Thailand, 99.2% of ESBL restriction pattern of three isolates by BamHI and
Klebsiella pneumoniae contained CTX-M ged@. In  Hindlll and found that the pattern was different
India studies have suggested a high incidence o¢-CT suggesting the plasmids were different (Fig. 3).
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Table 6: List of MDR clinical isolates analyzed f@gtriction patterns and effect of plant antimi¢addband summary of the results

Isolate name ESBL Resistance Restriction pattern nsifeéty to plant antimicrobials
UT1644 CTX-M MDR, Cla 15 bands with Hindlll Resistant to plant antimivieds
MS3379 CTX-M MDR, Cm ChP, Cl& Nd Sensitive to plant antimicrobials
UT2851 CTX-M, TEM MDR, Cla 8 bands with Hindlll Resistant to plant antimicedb
UT1658 TEM, SHV MDR Cla Nd Sensitive to plant antimicrobials
MS3358 SHYV, CTX MDR, CHJ Cl& Nd Resistant to plant antimicrobials
U28810 Not done MDR, Cla 9 bands with Hindlll Not tested

Marear 1kl BT [ ] NI Bap MEEEE
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Fig. 2: 0.7% Agarose gel analyzing plasmids exé@ct
from a few MDR cultures

HindIT BamHL

Fig. 3:
and digested with BamHI or Hindlll and
electrophoresed on a 0.7% agarose gel. As
control pUC 18 plasmid was used. M-1Kb
Marker, P-pUC 18, (1): UT2851-CTX-M,
TEM, SHV, MDR, cla s, (2): U28810 MDR,
Clar, (3): UT1644 CTX-M, MDR cla r
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Plasmids were extracted from 3 MDR strains

Numerous different types of plasmids have been
isolated fromKlebsiella including pMET1, a 41 Kb
multi-resistance plasmid. Further characterizatibthe
plasmids present in the Indian isolates will beyver
valuable due to the large size of the Indian pdmra
and its potential to spread to other countries.

Search for plant products effective against MDR
strains. There have been numerous reports that plant
compounds can be lead compounds in the identificati
of new antimicrobial drugs. Therefore we decided to
test a few plants against a few chosen MDR strains.
Some plants have been shown to possess MDR pump
inhibitor which can potentiate the activity of plan
antimicrobials.

Out of the plant antimicrobials tested, the exwac
of Hemidesmus indicus and Terminalia arjuna showed
antimicrobial activity against two of the isolatased.
The results of restriction pattern analysis, serngitto
plant extracts and antibiotic resistance profilea éew
chosen strains is presented in Table 6. Our d&jgest
that the each of the MDR strains may be harboring a
different plasmid and each might have different
mechanisms of antibiotic resistance. The effeqtlaht
antimicrobial extracts on these strains must béyaad
further to identify the bioactive principle.

CONCLUSION

Towards the search for newer antimicrobials it is
important to identify the specific mechanism andege
conferring antibiotic resistance in prevalent MDR
strains. Further, the identification of the bioaeti
principle by separation and activity testing is orpant
for developing plant based antimicrobials.
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