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ABSTRACT
A multiple antibiotic resistant halophilic bacterium (VITP09) was isolated from the Head-Bunder Lake (Kumta coast, Karnataka, India). The
bacterium was found to be Gram negative, motile, moderately halophilic and showed considerable growth in 3 to 5% of sodium chloride and can
tolerate upto 21% of sodium chloride. Its 16S rRNA gene sequence indicated 99% identity to Halomonas hydrothermalis strain SMP3M. Among the
different antimicrobial agents used, the halophilic bacterium was found to be resistant to ampicillin (1.02 mg/ml for MIC 90 ), methicillin and
vancomycin. β-lactamase assay in the presence of sulbactam confirmed the involvement of class-A β-lactamase in Halomonas hydrothermalis VITP09
resistance. Presence of sodium chloride (1 to 11%) in the growth medium does not affect the production of β-lactamase. Analysis of the enzymatic
parameters revealed a K M of 88.33 μM, which is comparable to the β-lactamase reported for the enzyme isolated from the clinical isolates. The
presence of such β-lactamase mediated antibiotic resistance in halophilic organisms could be a potential environmental concern and the emergence
of such resistant halophiles and the spread of antibiotic resistance among halophiles, is dangerous for organisms of aquatic, terrestrials and human
health.
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INTRODUCTION
The emergence of multidrug resistant bacteria and the increasing
ability of the bacteria to produce β-lactamases with different
substrate profiles remains an important public health concern
throughout the world1-3. The Infectious Diseases Society of America
has recognized that the management of Gram-negative pathogens as
one of the most problematic bacterial challenges in the infectious
disease community today4. Resistance to β-lactam antibiotic in Gram
negative organisms are mostly due to the secretion of β-lactamases5,
and a variety of extended-spectrum β-lactamase (ESBL) enzymes
have been detected from these organisms6. It is surprising to note
that most of the β-lactamase producing organisms are obtained from
the community and not in hospitals7. It is increasingly evident that
most of these microorganisms, pathogens and commensals, are
replete with drug resistance genes8 and the number of
microorganisms with drug resistance is still on the raise.
Environmental microbes that are either non-pathogenic or
opportunistic pathogens have also been found to be more drug
resistant in comparison to the bacteria typically associated with
disease and therefore the role of these organisms as potential
reservoirs of resistance genes is becoming a focus of research9-12.
There is increasing evidence that resistance genes can be
transferred between different bacterial Populations, including
transfer from commensal bacteria to pathogenic bacteria13,14 and
vice-versa.

Halomonas are organisms that thrive in high salt environment and
belong to the family Halomonadaceae15. Halomonas venusta, a
moderately halophilic, non fermentative Gram-negative rod, was
reported for the first time in Halomonas species as a human
pathogen in a wound that originated from fish bite16. The
consumption of raw or insufficiently cooked seafood may lead to
their transmission of infection to humans17. Also Halomonas
phocaeensis, highlighted the pathogenic potential of the genus
Halomonas18. Recently, three novel Halomonas species have been
isolated from the blood of two patients and from the dialysis
machines in a renal care center19. Though many species of
Halomonas has been identified and reported from many sources,
their multiple antibiotic resistances and possible pathogenicity is
not much investigated.
In the present study we report a new isolate of Halomonas
hydrothermalis VITP09, from the Head-Bunder Lake of coastal
Karnataka (India) that exhibited multidrug resistance. This property
was found to be associated with class-A β-lactamase production. To

our knowledge, this is the first report on the presence of class-A βlactamase in Halomonas bacterium.

MATERIALS AND METHOD

Bacterial Isolation and Screening
Pure bacterial colonies, from the soil and water samples of HeadBunder lake (Coastal Karnataka, India, 14.42°N and 74.4°E), were
isolated20 and cultured aerobically in Zobell marine broth at 37 °C
and maintained as pure cultures in LB agar stabs and glycerol stocks.
β-lactamase producing organisms were selected by β-lactamase
iodometric assay and the potential strain (designated as VITP09
from series of isolates) with highest β-lactamase secretion was
selected for further characterization. Unless otherwise stated all
chemicals, antibiotics and medium were purchased from Hi Media
(Mumbai). All experiments were performed in triplicate and the
graphs were plotted using Sigma Plot V-10.
Microbial Characterization

Morphological and physiological characteristics of the isolate
VITP09 were studied as per the standard protocols21. The strain was
further identified by 16S rRNA amplification and nucleotide
sequencing (Chromous Biotech Pvt. Ltd. Chennai, India). The
nucleotide sequence was analyzed using CLUSTAL W and the
phylogenetic relation was arrived using the neighbor joining
method.

Antimicrobial Susceptibility

The antimicrobial susceptibility tests were performed by Kirby
Bauer method22 on Mueller- Hinton agar plates. The antimicrobial
discs used were amikacin (30 μg), ampicillin (10 μg),
chloramphenicol (30 μg), ciprofloxacin (5 μg), gentamycin (10 μg),
kanamycin (30 μg), linezolid (30 μg), nalidic acid (30 μg), methicillin
(10 μg), rifampicin (5 μg), tetracycline (30 μg), vancomycin (10 μg)
and ampicillin (10 μg) with sulbactam (10 μg). Growth on the agar
medium without antibiotic disc was taken as the control.
Microbial Growth

The overnight grown culture (with an optical density of 1.0 at 550
nm) of VITP09 strain was used to inoculate the synthetic medium
containing peptone (5.0 g/l) and yeast extract (1.0 g/l). The growth
(at 37°C and agitation rate of 120 rpm) was monitored at regular
time intervals by measuring the optical density of the culture at 550
nm. To study the effect of salt on the growth and production of β-
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lactamase, sodium chloride (0 to 23% w/v) was included in the
growth medium.
β-lactamase Assay

Assay for β-lactamase was performed as per the method by Sagent et
al23. Accordingly, the crude extract obtained after centrifugation
(20000 x g for 30 min) of cell lysate (in 0.1 M phosphate buffer, pH7) was added to 5 μl (135 μM) of ampicillin with rapid mixing. After
incubation at 30°C for 30 min, 125 μl of 1 μmol iodine reagent
[prepared by adding 5 ml of iodine solution (0.16 M iodine and 1.2 M
potassium iodide) to 95 ml of the acetate buffer pH 4.0] was added
to stop the reaction. The absorbance was then measured at 490 nm
using ELISA reader (Bio Rad, Model 680). One unit of enzyme
activity was defined as the amount of enzyme which hydrolyses 1
μmol of substrate per minute under the specified conditions. The
assay was also performed in the presence of β-lactamase inhibitor
(sulbactam). To determine the steady state kinetic parameters, the
enzyme was incubated with varying ampicillin concentrations (in
the range of 50–300 μM).
Determination of Minimal Inhibitory Concentration (MIC)

The minimal inhibitory concentration (referred as MIC 90 ) of the
antibiotic was determined using the micro dilution method as
recommended by the Clinical and Laboratory Standards Institute
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(CLSI, 2009)24. Accordingly, 100 μl of the sterile medium was
pipetted into the wells of a sterile microtitre plate. To this, 100 μl of
antibiotic solution (stock 100 mg/ml) was added. The solution was
serially diluted and inoculated with VITP09 strain. The plates were
incubated at 37oC for 24 h, and the optical density was measured at
550 nm using an ELISA reader. MIC 90 was obtained from the
correlation between the antibiotic concentration and percentage
inhibition.
RESULTS

Bacterial Strain Selection and Characterization
Halophilic bacterial strains isolated from the Head-Bunder Lake of
coastal Karnataka were screened for antibiotic resistance against
ampicillin. Bacterial strain VITP09 which contributed maximum βlactamase activity (0.219 U/ml) was used for further investigation.
This isolated strain was subjected to morphological characterization.
The strain, VITP09, was Gram negative, rod shaped, non flagellate
and motile. The 16S rRNA was partially sequenced (1441 bases) and
the sequence analysis indicated that the organism belonged to the
Halomonas cluster (Figure 1). The sequence exhibited 99% identity
with Halomonas hydrothermalis strain SMP3M and therefore
identified as Halomonas hydrothermalis VITP09. The 16S rRNA
sequence has been submitted at the GenBank (Accession no.
JN657266).

Fig. 1: Phylogenetic analysis of the isolated VITP09 strain. The tree was generated using the neighborhood joining method. The isolated
strain belongs to the Halomonas cluster and shows 99% sequence similarity to Halomonas hydrothermails.
Antimicrobial Sensitivity Test
In order to investigate the spectral range of antibiotic susceptibility
of Halomonas hydrothermalis VITP09, the bacterial growth was
monitored in the presence and absence of different antibiotics.
Amikacin, chloramphenicol, ciprofloxacin, gentamycin, kanamycin,
linezolid, nalidic acid, rifampicin, tetracycline and ampicillin was
used in the study. With the exception of ampicillin, methicillin and
vancomycin, the bacterial growth was inhibited by all other

antibiotics. As ampicillin is a β-lactam antibiotic, it is therefore
possible that the organism might produce hydrolytic enzyme to
counter the effects of the ampicillin. In order to confirm this, the βlactamase activity of the cell free culture supernant was performed
in the presence and absence of β-lactamase inhibitor, sulbactam.
Figure 2 depicts that the enzyme activity was reduced by 94% in the
presence of sulbactam (10 μmol). This suggests that the ampicillin
resistance is due to the production of class-A β-lactamase by
Halomonas hydrothermalis VITP09.
640
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Fig. 2: β-lactamase activity of the Halomonas hydrothermails VITP09 in the presence and absence of β-lactamase inhibitor, sulbactam (10
μmole). The enzyme activity is reduced to 94% in the presence of sulbactam.

MIC of Ampicillin
In order to arrive at the minimum inhibitory concentration of the
antibiotic, the β-lactamase activity was studied as a function of
ampicillin concentration (Figure 3). The inhibitor concentration
(MIC 90 ), defined as the concentration required for 90% inhibition,
was found to be 1.02 mg/ml (2746 μM). Correspondingly, the MIC 50
was found to be 0.69 mg/ml (1858 μM).
Effect of Salt on Cell Growth and β-Lactamase Production

As Halomonas hydrothermalis VITP09 belongs to the group of
organisms in the halophilic cluster, we investigated the effect of salt

on growth of this bacterial strain as well as on β-lactamase
production. The organism exhibited considerable growth (Figure 4a)
in the presence of different concentrations of sodium chloride and
could tolerate upto a 21% (w/v) salt concentration, with a maximal
growth after 36 h. Figure 4b indicates the number of units of βlactamase produced as a function of both bacterial growth and
concentration of sodium chloride. It was inferred that β-lactamase
production was maximum in the presence of 5% (w/v) salt. It could
also be observed that there is one- to- one correlation between the
enzyme activity and the amount of biomass produced (as inferred
from the cell growth). This indicates that the production of the
enzyme is growth assisted.

Fig. 3: Minimum Inhibitory Concentration of ampicillin. The inhibitor was inferred from the optical density values (corresponding to the
growth of the organisms) at 550 nm. The MIC 50 and MIC 90 for ampicillin were found to be 0.69 mg/ml and 1.02 mg/ml respectively.
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Fig. 4: Effect of NaCl on the (A) organism growth and (B) β lactamase production as observed at different growth periods of 12 h, 24 h, and
36 h. Both organism growth and β-lactamase production is high at 24 h and 36 h. Organism growth was optimal in the NaCl concentration
range of 1- 8 % (w/v) and β-lactamase production was substantial upto 10 % (w/v) of NaCl concentration.
β-Lactamase Kinetics
In order to arrive at a few quantitative measurable values that could
reflect the activity of the enzyme, the enzyme activity was measured
as a function of ampicillin concentration (Figure 5). The data could

be fit with the Michealis-Menten model for enzyme kinetics.
Saturation was observed at the substrate concentration of 300 μM.
The dissociation constant of the enzyme-substrate complex, as
inferred from the Lineweaver- Burk plot was 88.33 μM and the
initial rate of hydrolysis was found to be 0.48 sec-1.

Fig. 5: Relation between ampicillin (substrate) concentration and reaction velocity. The data could fit with the Michealis- Mentons model
of enzyme kinetics with a confidance level of 95%. Under the experimental conditions used, the dissociation constant of the enzymesubstrate complex was found to be 88.33 μM.
DISCUSSION
Microorganisms which require salt for growth are referred to either
halophiles or halophilic organisms25. Samples collected from coastal
areas, especially salterns, harbor such halotolerant, if not halophilic
microbes. These are being exploited for the production of
metabolites, biodegradation and also used as unique marine
biocatalysts26-28. Recently, we have been exploiting the potential
application of the bacterial strains from the saltern, which harbor
halotolerant organisms. The isolated strains are found capable of
producing extracellular hydrolases with novel properties20,29,30. In

continuation of our efforts in this direction, we explored the
possibility of the presence of antibiotic resistant bacterial strains in
the sample.

The isolated bacterial strain, Halomonas hydrothermalis VITP09,
exhibited optimal growth in the presence of 3 to 5% of sodium
chloride. In general, organisms of Halomonas genera are found in a
wide variety of habitats that encompass a broad range of salinity,
temperature, hydrostatic pressure, organic carbon concentrations
and pH conditions31. The strain reported in this study, Halomonas
hydrothermalis VITP09, belongs to group II of Halomonadaceae
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family. Available literature reveals that ampicillin-resistant isolates
were predominantly Gram-negative organisms, and the major
genera of these bacteria were Acinetobacter, Alcaligenes, Citrobacter,
Enterobacter, Pseudomonas, Serratia, Klebsiella and Proteus32, but
none of these are from a saline environment. Very few antibiotic
resistant organisms have been reported, till date, for strains
belonging to Halomonas genera. Susceptibility of organisms
belonging to this genus to various antibiotics is generally found
varying33-35. Halomonas hydrothermalis strain VITP09 is resistant to
ampicillin, methicillin and vancomycin but susceptible to ampicillin
in presence of sulbactam. Methicillin and vancomycin resistant
organisms are of great clinical concern and therefore detailed
analysis of such antibiotic resistant strains is essential. In methicillin
resistant Staphylococcus aureus, resistant to β-lactams is mediated
by mecA, which encodes for pencillin binding proteins (PBP2a) and
blaZ gene encoding for β-lactamase36.

In the present study, resistance to ampicillin has been shown to be due
to the secretion of class-A β-lactamase. Ampicillin is a β-lactam
antibiotic, which act as a competitive inhibitor of the enzyme
transpeptidase and activity is inhibited by β-lactamase production37.
In general, class-A enzymes are susceptible to the commercially
available β-lactamase inhibitors38 (clavulanate, tazobactam, and
sulbactam). Cefpodoxime is highly stable in the presence of βlactamase enzymes. As a result, many organisms, which produce βlactamase and are therefore resistant to penicillin and some
cephalosporins, but susceptible to cefpodoxime39. The MIC for βlactam antibiotic (penicillin) for S. pneumoniae was 0.04 μg/ml in 1940
and it increased to 0.12-1 μg/ml in 1980 and it is no longer used in the
last decade due to significance increase in resistance40, indicating the
evolution of the organisms with adaptive resistance. In the present
study, the MIC 90 of ampicillin was found to be 1.02 mg/ml (2746 μM),
which is almost comparable with the isolate K. pneumonia collected
from swine in southwestern China, with MIC 90 1.024 mg/ml for
ampicillin41. To our knowledge the MIC of ampicillin for other clinical
isolates reported till date are much lesser than the value reported in
this study. It is interesting to note that Halomonas phocaeensis,
recovered from the blood cultures of six neonates in a neonatal
intensive care facility (Tunis, Tunisia), was found to be susceptible to
amoxicillin with an MIC 90 of 0.67 μg/ml18. In addition, the dissociation
constant of the enzyme-substrate complex was found to be 88.33 μM,
indicating greater substrate affinity, which is the same order of
magnitude found with metallo β-lactamase VIM-2 and Mb11b42.
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Overall the study indicates that microorganisms in coastal areas
could also exhibit antibiotic resistance of great magnitude. This
probably underlines the possibility of the development/ transfer of
antibiotic resistance to other organisms in the coastal flora and
definitely signs danger for organisms of aquatic, terrestrials and
human health. Transferable antibiotic resistance in bacteria was first
recognized in Japan43. There are also reports indicating the transfer
of antibiotic resistances among multiple antibiotic resistant
enterotoxigenic E. coli isolated from drinking water collected from
different parts of Lucknow city44. The ability of the mobile elements
themselves to replicate, transfer, and recombine, helps the
movement of genes among bacteria. In reality antibiotic resistance
genes are readily transferred horizontally, even to and from
distantly related bacteria45. However more detailed investigation is
required to prove the prevalence of such horizontal gene transfer
mechanisms in halophilic organisms. Such investigations will not
only reveal the biodiversity of these antibiotic resistant, β-lactamase
producing, non-pathogenic strains (from non-clinical isolates), but
also will pave way to unravel the transfer mechanisms of antibioticresistance-associated genes and its role as potential reservoir.

16.

The authors thank the management of VIT for the facilities provided
and constant support.

23.

ACKNOWLEDGEMENT

REFERENCES
1.

2.

Levy SB. Antibiotic resistance-the problem intensifies. Adv
Drug Delivery Rev 2005; 57: 1446.
Levy SB, Marshall B. Antibacterial resistance worldwide:
causes, challenges and responses. Nat Med 2004; 10: S122.

17.

18.
19.
20.
21.

22.

24.
25.

Int J Pharm Pharm Sci, Vol 4, Suppl 3, 639-644
Karen B. Alarming β-lactamase mediated resistance in
multidrug-resistant Enterobacteriaceae. Current Opinion in
Microbiol 2010; 13: 558–564.
Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice
LB, et al., Bad bugs, no drugs: no ESKAPE! An update from the
Infectious Diseases Society of America. Clin Infect Dis 2009; 48:
1-12.
Livermore DM. Bacterial resistance: origins, epidemiology and
impact. Clin Infect Dis 2003; 36 suppl 1: S11–23.
Livermore DM, Cantón R, Gniadkowski M, Nordmann P,
Rossolini GM, Arlet G, et al., CTX-M: changing the face of ESBLs
in Europe. J Antimicrob Chemother 2007; 59: 165-174.
Oteo J, Perez-Vazquez M, Campos J. Extended-spectrum βlactamase producing Escherichia coli: changing epidemiology
and clinical impact. Curr Opin Infect Dis 2010; 23: 320–326.
Levy SB. The challenge of antibiotic resistance. Sci Am 1998;
278: 46– 53.
Benveniste R, Davies J. Aminoglycoside antibiotic-inactivating
enzymes in actinomycetes similar to those present in clinical
isolates of antibiotic-resistant bacteria. Proc Natl Acad Sci
(USA) 1973; 70: 2276-2280.
Canton R. Antibiotic resistance genes from the environment: a
perspective through newly identified antibiotic resistance
mechanisms in the clinical setting. Clin Microbiol Infect 2009;
15 suppl 1: 20-25.
Martinez JL. The role of natural environments in the evolution
of resistance traits in pathogenic bacteria. Proc Biol Sci 2009;
276: 2521-2530.
Allen HK, Donato J, Wang HH, Cloud-Hansen KA, Davies J,
Handelsman J. Call of the wild: antibiotic resistance genes in
natural environments. Nat Rev Microbiol 2010; 8: 251-259.
Nikolich MP, Hong G, Shoemaker NB, Salyers A. Evidence for
natural horizontal transfer of tetQ between bacteria that
normally colonise humans and bacteria that normally colonise
livestock. Appl Environ Microbiol 1994; 60: 3255–3260.
Wegener HC, Aarestrup FM, Jensen LB, Hammerum AM, Bager
F. Use of antimicrobial growth promoters in food animals and
Enterococcus faecium resistance to therapeutic antimicrobial
drugs in Europe. Emerg Infect Dis 1999; 5: 329–335.
Franzmann PD, Wehmeyer U, Stackebrandt E. Halomonadaceae
fam. nov., a new family of the class Protobacteria to
accomodate the genera Halomonas and Deleya. Syst Appl
Microbiol 1988; 11: 16–19.
Von Graevenitz A, Bowman J, Del Notaro, Ritzler C. Human
Infection with Halomonas venusta following Fish Bite. M J Clin
Microbiol 2000; 38: 3123–3124.
Lipp EK, Rose JB. The role of seafood in food-borne diseases in
the United States of America. Rev Sci Tech 1997; 16: 620–40.
Berger P, Barguellil F, Raoult D, Drancourt. An outbreak of
Halomonas phocaeensis sp. nov. bacteraemia in a neonatal
intensive care unit. M J Hosp Infect 2007; 67: 79–85.
Stevens DA, Hamilton JR, Johnson N, Kim KK, Lee JS.
Halomonas, a newly recognized human pathogen causing
infections and contamination in a dialysis center: three new
species. Medicine (Baltimore) 2009; 88: 244–249.
Pooja S, Jayaraman G. Production of extracellular protease from
halotolerant bacterium, Bacillus aquimaris strain VITP4
isolated from Kumta coast. Process Biochemistry 2009; 44:
1088–1094.
George M Garrity, Don J Brenner, Noel R Krieg, James T.
Bergey's Manual of Systematic Bacteriology. 2nd eds, Vol. 2.
ISBN 0-387-95040-0; 2005
Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic
susceptibility testing by a standardized single disk method. Am
J Clin Pathol 1966; 45 suppl 4: 493–496.
Sargent, MG. Rapid fixed-time assay for penicillinase. J
Bacteriol 1968; 96: 1493-1494.
Clinical and Laboratory Standards Institute. Performance
Standards for Antimicrobial Susceptibility Testing: 19th
Informational Supplement M100-S19. CLSI, Wayne, PA, (USA).
2009
Kaye JZ, Màrquez C, Ventosa A, Baross JA. Halomonas neptunia
sp. nov., Halomonas sulfidaeris sp. nov., Halomonas axialensis
643

Sridharan et al.

26.
27.
28.
29.
30.
31.
32.
33.
34.

35.

sp. nov., and Halomonas hydrothermalis sp. nov.: halophilic
bacteria isolated from widely distributed deep-sea
hydrothermal-vent environments. Int J Syst Evol Microbiol
2004; 54: 499–511.
Surekha K Satpute, Ibrahim M Banat, Prashant K Dhakephalkar,
Arun G Banpurkar, Balu A Chopad. Biosurfactants,
bioemulsifiers and exopolysaccharides from marine
microorganisms. Biotechnology Advances 2010; 28: 436–450.
Kateel G, Shetty Jacqueline V, Huntzicker Kathleen, Rein S,
Krish Jayachandran. Biodegradation of polyether algal toxins–
isolation of potential marine bacteria. J of Environmental
Science and Health. (Part A) 2010; 45: 1850–1857.
Antonio T. Potential biocatalysts originating from sea
environments. J of Molecular Catalysis B Enzymatic 2010; 66:
241–256.
Pooja S, Jayaraman G. Stability characteristics of a metal-ion
dependent alkaline protease from a halotolerant Bacillus sp.
VITP4. Ind J Biochem Biophys 2011; 48: 95 – 100.
Anupama A, Jayaraman G. Detergent stable, halotolerant αamylase from Bacillus acquimaris VITP4 exhibits reversible
unfolding. Int J Appl Biol Pharm Technol 2011; 2: 366 – 376.
Martinez-Cànovas MJ, Bèjar V, Martinez-Checa F, Quesada E.
Halomonas anticariensis sp. nov., from Fuente de Piedra, a
saline-wetland, wild-fowl reserve in Màlaga (S. Spain). Int J Syst
Evol Microbiol 2004; 54: 1329–1332.
Ronald J. Ash, Brena Mauck, Melissa Morgan. Antibiotic
Resistance of Gram-Negative Bacteria in Rivers, United States.
Emerging Infectious Diseases 2002; 8: 7.
Juan Antoniomata, José Martínez-Cánovas, Emilia Quesada,
Victoria Béjar. A Detailed Phenotypic Characterisation of the
Type Strains of Halomonas Species System. Appl Microbiol
2002; 25: 360–375.
Annarita Polia, Enrico Espositoa, Pierangelo Orlandoc, Licia
Lamaa, Assunta Giordanoa, Francesca de Appoloniab, et al.,
Halomonas alkaliantarctica sp. nov., isolated from saline lake
Cape Russell in Antarctica, an alkalophilic moderately
halophilic, exopolysaccharide-producing bacterium. Systematic
and Applied Microbiology 2007; 30: 31–38.
Ida Romano, Licia Lama, Barbara Nicolaus, Annarita Poli, Agata
Gambacorta, Assunta Giordano. Halomonas alkaliphila sp. nov.,
a novel halotolerant alkaliphilic bacterium isolated from a salt

36.
37.
38.
39.
40.
41.
42.
43.
44.

45.

Int J Pharm Pharm Sci, Vol 4, Suppl 3, 639-644
pool in Campania (Italy). J Gen Appl Microbiol 2006; 52: 339–
348.
Manjunath Sangappa, Padma Thiagarajan. Methicillin resistant
staphylococcus aureus: resistance genes and their regulation.
International Journal of Pharmacy and Pharmaceutical Sciences
2012; vol 4, suppl 1.
Bernardo WLC, Boriollo MFG, Goncalves BR, Hofling JF.
Staphylococcus
aureus
ampicillin-resistant
from
the
odontological clinic environment. Rev Inst Med Trop S Paulo
2005; 47: 19–24.
Sarah M Drawz1, Robert A Bonomo. Three Decades of βLactamase Inhibitors. Clin Microbiol Rev 2010; 23 suppl 1:
160–201.
Shital Bhandari, Nikhil Khisti. Development and validation of a
Densitometric HPTLC method for quantitative analysis of
cefpodoxime proxetil in human plasma. International journal of
Pharmacy and Pharmaceutical Sciences 2012; vol 4, suppl 1.
Lucía Fernández1, Elena BM, Breidenstein, Robert EW.
Hancock Creeping baselines and adaptive resistance to
antibiotics. Drug Resistance Updates 2011; 14: 1–21.
Li-Kou Zou, Hong-Ning Wanga, Bo Zeng, An-Yun Zhang, JinNiang Li, Xu-Ting Li, et al., Phenotypic and genotypic
characterization of β-lactam resistance in Klebsiella
pneumoniae isolated from swine Veterinary Microbiology
2011; 149: 139–146.
Tse Hsien Koh, Keizo Yamaguchi, Yoshikazu Ishii.
Characterisation of the metallo- β lactamase VIM-6 and its
genetic support. Int. J. of Antimicrobial Agents 2008; 32: 446–
449.
Ochiai K, Yamanaka T, Kimura K, Sawada O. Studies on
inheritance of drug resistance between Shigella strains and
Escherichia coli strains. Nippon Iji Shimpo 1959; 1861: 34 – 46.
Pathak SP, Gautam AR, Abha Gaur K, Gopal P, Ray K.
Incidence of transferable antibiotic resistance among
enterotoxigenic Escherichia coli in urban drinking water. J
of Environmental Science and Health. Part A:
Environmental Science and Engineering and Toxicology
1993; 28 suppl 7: 1445-1455.
Anne O. Summers Genetic Linkage and Horizontal Gene
Transfer, the Roots of the Antibiotic Multi-Resistance Problem.
Animal Biotechnology 2006; 17 suppl 2: 125-135.

644

