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Objective: To characterize the bacterial pathogens in patients having gram negative septicaemia.
Further, to evaluate the antimicrobial resistance and underlying molecular mechanisms in these
strains. Methods: A total number of 70 cases of gram negative sepsis were included in this
prospective, open labeled, observational study. Standard methods for isolation and identification
of bacteria were used. Antimicrobial susceptibility and ESBL testing was performed by the
standard disc diffusion method. PCR amplification was performed to identify blacryx_y, blagyy and

Keywords: blawy type ESBLs. Conjugation experiments were performed to show resistant marker transfer.
Gram negative sepsis Results: The most prevalent isolates Escherichia coli (E. coli) 58.6%, Klebsiella Spp. 32.9% and
ESBL Pseudomonas 8.6%, were resistant to most of the antimicrobials including cefazolin, ceftriaxone,

Antimicrobial resistance cefuroxime, ampicillin and co—trimoxazole but sensitive to imipenem and meropenem. ESBL
and MBL production was seen 7.3% and 12.2% of E. coli isolates respectively. Three isoaltes
were found to have blagx_y_5s and two of them also showed blagy_, type enxyme. Whereas,
none of them showed blasuy. Conjugation experiments using J-53 cells confirmed these resistant
markers as plasmid mediated. Conclusions: This work highlights the molecular epidemiology of
escalating antimicrobial resistance and likely switch over of blacx_y_;5 type extended spectrum
beta—lactamases by blay type ESBLs in India. Further, the antimicrobial resistance by horizontal

gene transfer was predominant among Enterobacteraceae in the community setting.

therapeutic challenge. The widespread clinical use of
broad spectrum [ —lactam antibiotics has led to a marked
increase in the incidence of ESBL—producing gram—negative
microbesl4.5].

1. Introduction

Multidrug resistant bacteria causing therapeutic problems

have become a matter of serious concern in both in hospital
and community settingsl!l. Extended spectrum 3 —lactamases
(ESBLs) are the bacterial enzymes that impart resistance
against advanced—generation cephalosporins. There is
a widespread occurrence of ESBLs, particularly in the
hospital environmentl23]. ESBLs are dangerous because they
are plasmid—associated and there can be cross—species
dissemination of these plasmids. Moreover, these plasmids
can carry genes for co-resistance to other antibiotics
such as aminoglycosides, fluoroquinolones, tetracyclines,
chloramphenicol and sulfamethoxazole—trimethoprim.
Antibiotic selection for such isolates thus becomes a
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The majority of ESBLs are derived from the widespread
broad—spectrum [ —lactamases TEM-1 and SHV-1[6.7].
However, the prevalence of occurrence of these organisms
varies significantly in different geographical regions. CTX-
Ms are a class of ESBLs that are named after the antibiotic
‘cefotaxime’. CTX-Ms have become the most prevalent
ESBLs worldwidel8] but have most often been associated
with focal outbreaks in Eastern Europe, South America,
Southeast Asia—Japan and recently in India with many
variants described®,10l. CTX-M type ESBLs are mainly found
in Escherichia coli (E. coli) strains and CTX-M producers
are extremely common in UTIg[!1]. The CTX-M-15 enzyme
in particular is increasingly being reported among E. coli
isolates from northern india. In view of this background
we have initiated this study to characterize the bacterial
pathogens in patients having gram negative septicaemia.
Further, to evaluate the antimicrobial resistance and
underlying molecular mechanisms in these strains. The
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present study was undertaken; to assess the prevalence
of plasmid mediated ESBL in Medical ICU of a teaching
hospital in North India.

2. Material and methods

The present study was conducted in the Department of
Medicine, and Interdisciplinary Biotechnology Unit of AMU,
India.

2.1. Inclusion criteria

Patients having clinical features and bacteriological
evidence of sepsis, septic shock, multi organ dysfunction
and/or systemic manifestations of gram negative septicaemia.

2.2. Exclusion criteria

Immunocompromised, patients with disseminated TB,
HIV and patients on steroids were excluded from the study.
Informed written consent was given by all study subjects and
the study was approved by Institutional Ethics committee.

2.3. Study design

Prospective, observational, non—interventional studies of a
two tertiary care teaching hospital.

2.4. Isolation and identification of organism

On admission appropriate culture: urine, sputum, pus,
urinary catheter tip, tracheal aspirate was sent in vials using
standard techniques. Standard methods for isolation and
identification of bacteria were used throughout the studyl12l.
The identified bacteria were also confirmed by the selective
media of the “Hi—crome series” (Hi-media, Mumbai, India).

2.5. Antimicrobial susceptibility and ESBL detection

Antimicrobial susceptibility and ESBL testing was
performed was performed by the standard disc diffusion
method as recommended by the Clinical and Laboratory
Standards Institutel13l. E. coli ATCC 25922 was used as ESBL
negative and K. pneumoniae 700603 was used as ESBL—
positive reference strain.

2.6. DNA preparation and PCR amplification

Plasmid DNA was prepared by using methods of Birnboim
and Dolyl14l, and genomic DNA by the method of Boom
et all15]. PCR amplification of ESBLs markers gene were
performed on 0.5 mg of genomic DNA as described earlieri16].
Primers for the detection of blaCTXM (5’-GCT GTT GTT AGG
AAG TGT GC-3" and 5'-CCA TTG CCC GAG GTG AAG-3’),
blaTEM (5"-GAC AGT TAC CAA TGC TTA ATC-3" and 5'-
GAC AGT TAC CAA TGC TTA ATC-3") and blaSHV(5' -TGG
TTA TGG GTT ATA TTC GCC-3" and 5’-GGT TAG CGT TGC
CAG TGCT-3') were used. PCR conditions for these genes
comprised a thermal temperature to 94 °C for 5 min, followed
by 35 cycles of 94 °C for 30 s, annealing at 54 °C for 30 s,
and extension at 72 °C for 1 min, followed by final extension
for 7 min at 72 °C.

2.7. Marker transfer experiments

Marker transfer experiments were performed to check the
transmissibility of the bla¢iy_y resistance markers and to ask
for co—transferred markers. E. coli strains that were PCR-
positive for any of the tested genes were used as donors in
transconjugation experiments as described elsewherel17].
Azide-resistant E. coli J53 was used as the recipient in all
marker transfer experiments. Transconjugants/transformants
were selected on Luria—Bertani agar plates containing azide
(250 mg/L) and either cefotaxime (2 mg/L) or gentamicin
(50 mg/L).

3. Results
3.1. Clinical background of isolates

Total 70 patients with mean age of (55.94+10.77) years,
predominantly men (70%) and women (30%) were studied.
On clinical evaluation, urinary tract (61.4%) was the most
common site of infection, followed by respiratory tract
(28.6%) and skin and soft tissue (10.0%). The most common
organism encountered for sepsis was E. coli 41(58.6%)
followed by Klebsiella Spp. 23(32.9%) and Pseudomonas
6(8.6%). In patients having urosepsis most common
organism responsible was E. coli 35(81.4%) followed by
Klebsiella Spp. 6(14.0%) and Pseudomonas 2(4.6%). In
patients having pneumonia with sepsis the most common
organism encountered was Klebsiella Spp. 15(75.0%)
followed by Pseudomonas 4(20.0%) and E. coli 1(5.0%). In
patients having diabetic foot with sepsis in the study group
most common organism encountered was E. coli 5(71.0%)
followed by Klebsiella Spp. 2(28.6%). The most common
co—morbidity was diabetes mellitus 35(50.0%), followed
by benign prostatic hypertrophy 10(14.3%) and chronic
obstructive airway disease 3(4.3%) (Table 1).

3.2. Antimicrobial resistance

In the study group, E. coli, Klebsiella Spp. and
Pseudomonas found to be resistant to gatifloxacin in 31.7%,
17.4% and 66.7% patients respectively. E. coli, Klebsiella
Spp. and Pseudomonas were found to be resistant to the
amikacin in 43.9%, 69.6% and 16.7% patients respectively.
E. coli showed 7.3% intermediate resistance to Amikacin.
All the three organisms were 100.0% resistant to ampicillin
and co-trimoxazole. E. coli and Pseudomonas showed
0% resistance to Imipenem on the other hand Klebsiella
Spp. showed 4.3% resistance. E. coli, Klebsiella Spp. and
Pseudomonas were found to be resistant to meropenem
in 9.7%, 17.4% and 50.0% patients respectively. E. coli
and Klebsiella Spp. showed intermediate resistance to
meropenem in 4.8% and 47.8% patients respectively. Most
of the gram negative organisms are sensitive to imipenem
and meropenem. Almost all gram negative organisms (E. coli,
Klebsiella Spp. and Pseudomonas) were resistant to co—
trimoxazole (Table 2).

3.3. Molecular analysis of ESBLs

In the present study 7.3% E. coli isolates showed ESBL
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production while 12.2% showed MBL production on the other
hand Klebsiella Spp. and Pseudomonas showed no ESBL/
MBL production. In the present study majority of the isolates
encountered for gram negative sepsis was E. coli (58.6%),
and 81.4% E. coli were isolated from patients having
urosepsis. In the present study only 3 (7.3%) E. coli strains
had a phenotype consistent with production of an ESBL.
These 3 E. coli isolates were screened for the presence of
ceftrixone hydrolyzing B —lactamases (CTX-M) and blay,
and blagyy types by PCR using universal primers. Three
isolates (UE-59, UE-61, and UE-64) showed the presence
of blarzy, and blacrx_y type enzyme, while all the three
were found negative for SHV (Figure 1 & 2). Furthermore,
conjugation experimenst using J-53 as recipient susceptible
cells confirmed that these markers are present on plasmid.

10 kb

1.031 kb

0.6 kb

Figure 1. PCR amplification of CTX-M gene.

Lane M: DNA ladder; Lane P: Positive control; Lane 1-3: E. coli
clinical isolates (UE-59, UE-61, and UE-64); Lane N: Negative
control.

Shahzad F. Haque et al./Asian Pacific Journal of Tropical Medicine (2012)98-102

10 kb

1.031 kb
0.9 kb

Figure 2. PCR amplification of TEM gene.
Lane M: DNA ladder; Lane P: Positive control; Lane 1-3: E. coli
clinical isolates (UE-59, and UE—64); Lane N: Negative control.

4. Discussion

Gram-negalive sepsis is a significant problem in
hospitalized and community—dwelling patients. Although
the percentage of hospital-acquired bloodstream infections
associated with gram—negative bacilli has decreased, these
organisms now pose serious therapeutic problems because
of multidrug resistancel18].

The treatment of gram—negative bacteremia is increasingly
complicated by the occurrence of multidrug resistant gram—

Table 1

Percent etiology and sources of sepsis(n,%).

Source of sepsis E. coli Klebsiella Spp Pseudomonas Total
Urosepsis 35(85.36) 6(26.08) 2(33.33) 43(61.40)
Pneumonia 1(2.49) 15(65.21) 4(66.66) 20(28.60)
Diabetic foot 5(12.19) 2(8.69) 0(0.00) 7(10.00)

Table 2

Percentage of resistance to the selected antimicrobial agents among the Gram negative bacteria.

Pathogens

B —Lactam Aminoglycosides Flouroquinolne

Cycline Cloxacillin - Cephalosporin groups Carbapenem

(ESBL- producing) A P G Tb Ak Na

Cip Gat Te Cot Cox Cz Cn Ce Ci

Cpm Mrp Etp Ipm

E. coli (41 isolates)
Klebstella((23 isolates)

Pseudomonas(6 isolates) 100.0 16.0 12.0

100.0 100.0 43.9 51.0 43.9 100.0 100.0 31.7 95.1 100.0
100.0 100.0 28.0 100.0 69.6 100.0 100.0 17.4 87.0 100.0 10.0
12.0 16.7 100.0 100.0 66.7 83.3 100.0 58.0

100.0 1000 1000 1000 1000 1000 9.7 0.0 0.0
913 913 914 956 956 174 43 43

1000 100.0 1000 83.3 1000 50.0 33.0 0.0

A=Ampicillin, P=Penicillin, G=Gentamicin, Th=Tobramycin, Ak=Amikacin, Na=Nalidixic acid, Cip=Ciprofloxacin, Gat=Gatifloxacin,
Te=Tetracycline, Cot=Cotrimoxazole, Cox=Cloxacillin, Cz=Cefazolin, Cn=Cephoxitin, Ce=Cephotaxime, Ci=Ceftriaxone, Cpm=Cefepime,

Mrp=Meropenem, Etp=Ertapenem, Ipm=Imipenem.
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negative bacilli strains. Over—production of chromosomal
beta—lactamases by Enterobacter Spp. has become one of the
most common mechanisms of resistance to third generation
cephalosporins(19].

In our study group most common organism encountered
for sepsis was E. coli 41(58.6%) followed by Klebsiella Spp.
23(32.9%) and Pseudomonas 6(8.6%). Similar results for the
most common isolates were identified in community acquired
sepsis in an ltalian study: E. coli (76.0%); P. aeruginosa(7.9%);
K. pneumoniae (5.4%); Proteus mirabilis—4.2 percent;
Enterobacter species—3.7 percentl20]. UTI remains the
commonest type of community acquired gram negative
sepsis, especially in developing countries.

Similar type of study done by Geoffrey D. Taylor et al in
nosocomial urosepsis showed most common organism
responsible was E. coli (36.8%) and 8.9% Pseudomonas(21].
In our study most common organism isolated from patients
having pneumonia was Klebsiella Spp. 15(75%) followed
by Pseudomonas 4(20%) and E. coli 1(5%). A similar study
done by C. Feldman et al who found 31.9% isolates were
Klebsiella Spp and 8.9% were Pseudomonasl22l.

In our study E. coli, Klebsiella Spp. and Pseudomonas were
found to be resistant to cefazolin & cefuroxime in 100.0%,
95.6% and 100.0% respectively. For ceftazidime, E. coli was
found to be 100.0% resistsnt, Klebsiella Spp. showed 91.4%
resistance and Pseudomonas showed 83.3% resistance. Our
findings are comparable to study conducted by Kumari et
all231.

In the present study 7.3% E. coli isolates showed
ESBL production on the other hand Klebsiella Spp. and
Pseudomonas showed no ESBL/metallo—betalactamase
(MBL) production.While MBL production was seen in
12.2% E. coli. ESBL and MBL production is a matter of
great concern in the field of microbial drug resistance.
ESBLs represent a major threat among resistant bacterial
isolates of Enterobacteriaceal24l. This renders powerful
antibiotics, like expanded spectrum cephalosporins,
carbapenems, and monobactams, ineffective. India has
significantly high pool of ESBL infections, reflecting poor
standards of hygiene and inappropriate use of antibiotics,
as compared to other developed societies. The source of
ESBL producing Enterobacteriacea differ, while in other
countries it is mainly hospital acquired, in India it is mostly
community acquiredi2sl. Different groups of ESBLs, have
been described and classified according to their amino-
acid sequences, like SHV-1, TEM-2, TEM-3 ezc. Until
the end of the 1990s, most of the ESBLs detected were
SHV and TEM types, mostly associated with nosocomial
outbreaks(26l. In 1989, almost simultaneously in Germany,
France and ltaly, a new ESBL family was recognised. It
was named CTX-M, because most of the enzymes within
this family confer resistance predominantly to cefotaxime
rather than ceftazidimel27l. The CTX-M ESBLs have since
been detected in many species of Enterobacteriaceae.
Currently the CTX-M family includes more than 20 beta—
lactamases, which may be grouped on the basis of sequence
similarity into 4 distinct subtypes epitomized by CTX-
M-1, CTX-M-2, CTX-M-8 and CTX-M-9. The blacpy_y.
;s gene borne on plasmid in Enterobacteriaceae, was first

detected in India, which is now the globally dominant
ESBLI28]. Unlike in other countries e.g. Spain, France,
where members of multiple CTX-M lineages have been
reported, a virtually absolute prevalence of the members
of the CTX-M-1 lineage was observed in this studyl26l.

Recent reports have shown a rapid and alarming
dissemination of Enterobacteriaceae producing ESBLs of the
CTX-M type in certain countries including India and have
become the most prevalent ESBL—type world—widel29]. The
majority of these isolates are now recovered from community
patients, most of them with urinary tract infections(30l.Unlike
that of TEM or SHV type ESBLs, the population structure of
CTX-M-producing isolates is complex and is associated
with the spread of specific plasmids and/or other mobile
gene —tic elements rather than clonal epidemics[31l. CTX-Ms
are one of the means of antibiotic resistant marker transfer
among members of Enterobacteriaceae. However, their
prevalence in different areas appeared to be highly variable,
which could reflect the scenario of a relatively early stage
of dissemination of these resistance determinants in the
community setting. In the recent past, there are alarming
reports about the emergence and spread of resistant strains
of Enterobacteriaceae from all around the world.

Bacterial resistance to commonly used antibiotics, in a
resource crunched developing country like India, threatens
the basic health delivery systems, affecting millions.
There are alarming reports about serious consequences of
antibiotic resistance. However, there is still a scarcity of
data on the magnitude of antibiotic resistance, especially in
Asia—Pacific region.

To conclude, this work has provided insights into molecular
epidemiology of escalating antimicrobial resistance,
especially prevalent in ESBL producing Enterobacteraceae
in India. Continuing surveillance will be necessary to
monitor the evolution of extended spectrum beta—lactamases
and to authenticate whether the CTX-M type ESBLs will
eventually prevail over the blamy—type ESBLs, which are
still widespread, especially in some areas. Our findings
uphold the increasing role of the blacr.y B —lactamases
in antibiotic resistance and stress upon the significance of
appropriate empirical treatment for infections caused by
coliforms, especially during septicemia. This study confirms
that horizontal gene transfer of antimicrobial resistance
markers, is the most prevalent among Enterobacteraceae in
the community setting. Further studies are needed, however,
to determine whether antibiotic policies or other measures
can halt or lower the level of horizontal gene transfer that
occurs in a hospital or community setting.

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgments

Authors acknowledge the central facilities of
Interdisciplinary Biotechnology Unit, A.M.U., Aligarh.



102 Shahzad F. Haque et al./Asian Pacific Journal of Tropical Medicine (2012)98-102

References

[1] Shakil S, Khan R, Zarrilli R, Khan AU. Aminoglycosides versus
bacteria—a description of the action, resistance mechanism and
nosocomial battleground. J Biomed Sci 2008; 15: 5-14.

[2] Paterson DL, Bonomo RA. Extended—spectrum b-lactamases: a
clinical update. Clin Microbiol Rev 2005; 18: 657-686.

[3] Pfaller MA, Segreti J. Overview of the epidemiological profile and

—_

laboratory detection of extended—spectrum b—lactamases. Clin
Infect Dis 2006; 42: S153-S163.

[4] Ma L, Lin CJ, Chen JH, Fung CP, Chang FY, Lai YK, et al.
Widespread dissemination of aminoglycoside resistance genes,
Klebsiellapne pumoniae isolates in Taiwan producing CTX-
M-type extended—spectrum 3 —lactamases. Antimicrob Agents
Chemother 2009; 53: 104-111.

[S] Shakil S, Ali SZ, Akram M, Khan AU. Risk factors for extended—
spectrum blactamaseproducing Escherichia coli and Klebsiella
pneumonia acquisition in a neonatal intensive care unit. J Trop
Pediatr 2010; 56: 90-96.

[6] Wright GD. Bacterial resistance to antibiotics: enzymatic
degradation and modification. Adv Drug Deliv Rev 2005; 57:
1451-1470.

[7] Gazouli M, Tzelepi E, Markogiannakis A, Legakis NJ, Tzouvelekis
LS. Two novel plasmid-mediated cefotaxime—hydrolyzing B
—lactamases (CTX-M-5 and CTX-M-6) from Salmonella
typhimurium. FEMS Microbiol Lett 1998; 165: 289-293.

[8] Rodriguez—Bano J, Picon E, Gijon P, Herndndez JR, Ruiz M,
Pena C, et al. Community—onset bacteremia due to extended—
spectrum beta—lactamase—producing Escherichia coli: risk factors
and prognosis. Clin Infect Dis 2010; 50: 40-48.

[9] Rodriguez—Bano J, Navarro MD, Romero L, Muniain MA, de
Cueto M , Rios MJ, et al. Bacteremia due to extended—spectrum
B —lactamase—producing Escherichia coli in the CTX-M era: a
new clinical challenge. Clin Infect Dis 2006: 43: 1407-1414.

[10]Akram M, Shakil S, Khan AU. Prevalence of integrons, blaCTX-M
and blaTEM resistance markers among ESBL-producing
uropathogenic Escherichia coli isolates: first report of genomic
blaCTX-M from India. J Chemother 2011: 23: 131-134.

[11]Akram M, Shahid M, Khan AU. Etiology andantibiotic resistance
patterns of community—acquired urinary tract infections in JNMC
Hospital Aligarh, India. Ann Clin Microbiol Antimicrob 2007 6: 4.

[12]Sutter VL, Citron DM, Edelstein MAC, Finegold SM. Wadsworth
anaerobic bacteriology manual. 4th ed. Belmont CA: Star
Publishing; 1985.

[13]Clinical and laboratory standards institute. Performance standards
for antimicrobial susceptibility testing; nineteenth informational
supplement. Document M100-S19. Wayne PA: CLSI; 2009.

[14]Birnboim HC, Doly J. A rapid alkaline extraction procedure for
screening recombinant plasmid DNA. Nucleic Acids Res 1979; 7:
1513-1523.

[15]Boom R, Sol CJA, Salimans MMM, Jansen CL, Wertheim—van
Dillen PME, van der Noordaa J. Rapid and simple method for
purification of nucleic acid. J Clin Microbiol 1990; 28: 495-503.

[16]Versalovic J, Koeuth T, Lupski JR. Distribution of repetitive

DNA sequences in eubacteria and application to fingerprinting of

bacterial genomes. Nucl Acids Res 1991; 19: 6823-6831.

[17]Gray KJ, Wilson LK, Phiri A, Corkill JE, French N, Hart CA.
Identification and characterization of ceftriaxone resistance and
extended—spectrum [ —lactamases in Malawian bacteraemic
Enterobacteriaceae. J Antimicrob Chemother 2006; 57: 661-665.

[18]Suarez, CJ, Lolans K, Villegas MV, Quinn JP. Mechanisms of
resistance to beta—lactams in some common Gram-negative
acteria causing nosocomial infections. Expert Rev Anti Infect Ther
2005; 3: 915-922.

[19]Goossens H, Grabein B. Prevalence and antimicrobial
susceptibility data for extended—spectrum beta—lactamase— and
AmpC—producing Enterobacteriaceae from the MYSTIC Program
in Europe and the United States (1997-2004). Diagn Microbiol
Infect Dis 2005; 53: 257-264.

[20]Luzzaro F, Vigano EF, Fossati D, Grossi A, Sala A, Sturla C,
et al. Prevalence and drug susceptibility of pathogens causing
bloodstream infections in northern ltaly: a two—year study in 16
hospitals. Eur J Clin Microbiol Infect Dis 2002; 21: 849-855.

[21]Taylor GD, Buchanan—Chell M, Kirkland T, McKenzie M, Wiens
R. Nosocomial urosepsis: Analysis of 218 cases. Int J Infect Dis
1996; 1: 92-94.

[22]Feldman C, Ross S, Mahomed AG, Omar J, Smith C. The aetiology
of severe community—acquired pneumonia and its impact on
initial, empiric, antimicrobial chemotherapy. Respiratory Med
1995; 89: 187-192.

[23]Kumari HB, Nagarathna S, Chandramuki A. Antimicrobial
resistance pattern among aerobic gram—negative bacilli of lower
respiratory tract specimens of intensive care unit patients in a
neurocentre. Indian J Chest Dis Allied Sci 2007; 49: 19-22.

[24]Paterson DL, Bonomo RA. Extended—spectrum [ —lactamases: a
clinical update. Clin Microbiol Rev 2005; 18: 657-686.

[25]Canton R, Novais A, Valverde A, Machado E, Peixe L, Baquero F,
et al. Prevalence and spread of extended—spectrum (3 —lactamase—
producing Enterobacteriaceae in Europe. Clin Microbiol Infect
2008; 14: 144-153.

[26]Livermore DM, hawkey PM. CTX-M: changing the face of ESBIs
in the UK. J Antimicrob Chemother 2005; 56: 451-454.

[27]Eckert C, Gautier V, Arlet G. DNA sequence analysis of the
genetic environment of various blaCTX-M genes. J Antimicrob
Chemother 2006; 57: 14-23.

[28]Walsh TR, Toleman A, Jones RN. Comment on: Occurrence,
prevalence and genetic environment of CTX-M a-lactamases in
Enterobacteriaceae from Indian hospitals. J Antimicrob Chemother
2007; 59: 799-800.

[29]Cantén R, Coque TM. The CTX-M [ —lactamase pandemic. Curr
Opin Microbiol 2006; 9: 466-475.

[30]Eshwarappa M, Dosegowda R, Vrithmani Aprameya I, Khan MW,
Shiva Kumar P, Kempegowda P. Clinico-microbiological profile
of urinary tract infection in South India. Indian J Nephrol 2011;
21: 30-36.

[31]Mendonca N, Leitao J, Manageiro V, Ferreira E. Spread of
extended—spectrum lactamase CTX-M-producing Escherichia
coli clinical isolates in community and nosocomial environments
in Portugal. Antimicrobial Agents Chemother 2007; 51: 1946—
1955.



