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Abstract: Infections caused by extended-spectrum beta-lactamase (ESBL)-producing gram negative bacteria

are increasing and are associated with increased morbidity and health care-associated costs particularly in

the intensive care settings. Several studies from Egypt have pointed a high prevalence but data regarding

the molecular types of ESBLs are scarce. The study was conducted to investigate this issue and the utility

of introducing the one-step modified double synergy test (MDDST) for detection of ESBLs in bacterial

species other than   Escherichia coli and Klebsiellae. Eighty five Gram negative bacterial isolates from

the intensive care unit of our research institute were studied. Phenotypic characterization of ESBLs was

detected by the double disc synergy test (DDST), combination disc test (Oxoid CDO2) and the modified

version of the DDST (MDDST) performed simultaneously with antibiotic susceptibility testing. Isolates

showing resistance to cefoxitin were also tested by cloxacillin agar dilution test (100mg/L). Molecular

analysis was performed for a subset of the ESBL-producing isolates showing high level of resistance to

T E M , SH V  cefotaxime and to ceftazidime (5 E. coli and 5 K. pneumoniae isolates). Genes for bla  bla and 

C T X-M  bla genes were amplified by PCR and genetic sequencing was performed by the ABI 3100 DNA

sequencer.  Phenotypic characterization identified a high ESBL rate of 65.8% (56 of 85 isolates}. ESBLs

were  detected  among the following species: 31 Klebsiella pneumoniae (55.3 %), 20 Escherichia coli

(35.7 %), 3 Proteus mirabilis (5.3%), 1 Enterobacter aerogenes (1.7%) and 1 Citrobacter freundii (1.7%).

The DDST and MDDST easily detected all ESBL-positive isolates with clear clavulanate synergy with

most substrates except the Enterobacter and Citrobacter isolates that were detected as ESBL-positive by

the MDDST showing synergy only with cefepime disc. Cefotetan was a better indicator of sensitivity to

cephamycins than cefoxitin. All the ESBL-positive isolates were multidrug resistant (MDR) but none was

resistant to imipenem. PCR amplification showed that the 10 ESBL-producers analyzed were positive for

CT X-M    CT X-M 1 the bla and the bla genes. Within the CTX-M1 group only one type of enzyme, CTX-M-15,

was found. It is concluded that the MDDST is a rapid and cost-effective method for ESBL testing in

clinical microbiology laboratories negating the need for confirmation tests. It is also superior to the DDST

in detecting ESBL-production in bacterial species other than E.coli and Klebsiellae. The detection of the

CTX-M-15 further corroborates that this enzyme is one of the most common worldwide. The high

prevalence of MDR ESBL-positive isolates is alarming and calls for the judicious use of imipenem,

especially in developing countries where antibiotics are available without prescription.
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INTRODUCTION

Plasmid-mediated ESBLs capable of degrading the

expanded-spectrum cephalosporins and monobactams are  

becoming increasingly frequent among clinical isolates

of the family Enterobacteriaceae throughout the world 

 Infections caused by ESBL- producers often exhibit{1}  

a multidrug-resistant phenotype, leaving only a few

reliable therapeutic options . So they are always[2]

associated with increased morbidity, mortality and

health care-associated costs particularly in the

intensive-care settings . Recently, dramatic shifts have[3]

occurred in the prevalence and types of ESBLs. In 

addition to the rapidly growing number of TEM and

SHV variants of ESBLs, {http:www.lahey.org-studies},

other new non–TEM and–SHV enzyme groups as GES,

VEB, PER and CTX-M are disseminating worldwide .[1]

The CTX-M-type ß-lactamases constitute a novel group 

of enzymes that have a typical ESBL resistance

phenotype: are capable of hydrolyzing broad-spectrum 

cephalosporins and are inhibited by clavulanic acid, 

sulbactam, and tazobactam. They also confer a high

level of resistance to cefotaxime but have a low level 

of activity against ceftazidime . So far, more than 50 [4]
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CTX-M-type ß-lactamases have been identified in 

various clinical isolates, but mostly in enterobacterial 

species such as Escherichia coli, Klebsiella

pneumoniae, and Salmonella typhimurium. These

enzymes have been classified into five major

phylogenetic branches on the basis of their amino acid 

sequence homologies. These clusters are CTX-M-1, 

CTX-M-2, CTX-M-8, and CTX-M-9.and CTX-M-25 .[5]

Although CTX-M-producing strains were initially found

in Europe in the early 1990s, they have now been 

observed over a wide geographic area, including Latin 

America , Asia  and recently in Canada and the[6] [7]

United States . In Egypt data are scarce regarding the[8 ,9]

molecular types and epidemiology of ESBLs. However

several studies have pointed to a high prevalence of

ESBLs in Escherichia coli isolated from hospitalized

patients varying from 38% to 66.6 %  and up to[10 ,12]

80% among isolates from intensive care settings .[13]

Several phenotypic detection tests based on the

synergy between a third-generation cephalosporin and

clavulanate have been designed: the double-disk

synergy test (DDST), ESBL E tests, and the

combination disk method . These tests often need to[2]

be refined in order to detect an ESBL in some bacterial

strains, such as those that also overproduce a

cephalosporinase. The sensitivity of the DDST can be

improved by the use of cefepime, a fourth-generation

cephalosporin that is less rapidly inactivated by

cephalosporinase than by ESBL . This improves the[14]

detection of synergy with clavulanate when there is

s im u l tan e o u s  s ta b le  h y p e r p r o d u c t i o n  o f  a

cephalosporinase; alternatively the cephalosporinase can

be inactivated by performing phenotypic tests on a

cloxacillin-containing agar .[15]

The aim of the study was to determine the

prevalence and molecular types of ESBLs causing

resistance to extended-spectrum cephalosporins in

clinical isolates causing infections in the intensive care

unit of an Egyptian research medical institute, and to

detect the utility of the one-step modified double

synergy test (MDDST) described by Pitout  for[14]

detection of ESBL-producers among Enterobacteriaceae

in the microbiology laboratory

MATERIALS AND METHODS

Bacterial Isolates: We examined 85 gram-negative

bacterial isolates causing infection in the ICU of TBRI,

Cairo, Egypt isolated in 2002. They were isolated from

blood cultures (n=30), surgical wound sepsis (n=29),

catheter-associated urinary tract infections (n=14) and

endotracheal tube-associated pneumonias (n=12).

Identification of species was carried out by API 20E

(Bio-Mérieux SA, Marcy l'Etoile, France). 

ESBL Detection Methods: ESBL screening and

confirmation  were  performed according to the

Clinical and Laboratory Standards Institute (CLSI)

criteria . All isolates were tested by DDST described[16]

by Jarlier , and the Oxoid combination disk method[17]

(CDO2)  consisting of ceftazidime/clavulanic acid

(30/10 ìg) . K. pneumoniae ATCC 700603 and E.[18]  

coli ATCC 25922 were used as positive and negative

controls, respectively. Control strains were supplied by 

microbiology laboratory of Beaujon Hospital, Paris  

Antibiotic Susceptibility and Phenotypic ESBL

Testing by MDDST: Susceptibility and synergy-testing

for ESBLs were simultaneously performed on Mueller-

Hinton agar square boxes (Bio-Rad, France). Two

boxes were advocated for each strain: one for detecting

 resistance to b- lactams and the second box for other

antibiotics. Resistance was determined by the disc

diffusion method and results were interpreted using the

CLSI criteria . The following antibiotic disks (Bio-[16]

Rad) were tested: 

B o x  1 :  a m o x ic i l l in ,  t ic arc il l in ,  ce fa lo th in ,

p i p e r a c i l l i n / t a z o b a c t a m ,  p i p e r a c i l l i n ,

amoxicillin/clavulanate, cefotaxime, cefuroxime,

cefotetan, aztreonam, ticarcillin/clavulanate, ceftazidime,

imipenem cefepime, cefoxitin 

Box 2: gentamycin, tobramycin amikacin kanamycin,

tetracycline, chloramphenicol, colistin, nalidixic acid,

o f l o x a c i n ,  c i p r o f l o x a c i n  f o s f o m y c i n  a n d

trimethoprim/sulfamethoxazole. Synergy testing for

ESBLs was detected on the first susceptibility box that

utilizes ceftazidime, cefotaxime, aztreonam and

cefepime as substrates arranged in proximity (30mm

centre to centre) with the inhibitor discs amoxicillin-

clavulanate (AMC) and ticarcillin-clavulanate (TCC).

TZP was also put in proximity with FEP. 

Cloxacillin Agar Dilution Test: The antibiogram of

beta-lactam antibiotics was repeated for isolates

showing resistance to cefoxitin. Bacterial inoculums

were inoculated on 2 Mueller-Hinton agar plates: one

containing cloxacillin (100mg/L) and the second

without cloxacillan. This screening test was used to

detect possible co-existence of cephalosporinase

enzymes (Amp-C enzymes) in the same isolate.

Cephalosporinase-producing bacteria were suspected in

the  presence of enlarged zone diameters of beta

lactam  antibiotics in the cloxacillin agar plate

compared  to  the  cloxacillin free agar plate .[15]

Isolates with positive cloxacillin agar test were

confirmed for Amp-C production by the modified three

dimensional test . [19]
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Table 1: Origin and diagnostic characteristics of 10 bacterial isolates from ICU patients subjected to molecular analysis 

Resistance ESBL Diagnosis

Isolates Specimen Synergy between -------------------------------------------------------------------------------------

beta -lactam antibiotics and CAZ and CTX 

clavulanate by M DDST --------------------------------------------------------------------------------------

zones in mm M IC in µg/ml DDST CDO2 E test  M DDST

E. coli TN107 Urine AM C x CTX, ATM

TCC x CTX, ATM ,FEP,CAZ 0 0 64 64 + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E. coli TN176 Urine AM C x CTX, ATM

TCC x  CTX, ATM ,FEP,CAZ 15 0 16 64 + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E. coli TN177 Urine AM C x CTX, ATM

TCC x  CTX, ATM ,FEP,CAZ 15 0 16 64 + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E. coli TN297 Urine AM C x CTX, ATM

TCC x CTX, ATM ,FEP,CAZ 15 0 16 64 + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E. coli TN606 Urine AM C x CTX, ATM

TCC* CTX, ATM ,FEP,CAZ 15 0 16 64 + + - +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K. pneumoniae KP32 Blood AM C x ATM

Culture TCC x  none 20 0 64 64 + + - +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K. pneumoniae KP101 Sputum AM C x CTX, ATM

{ventilator} TCC x  CTX, ATM ,FEP,CAZ 0 0 64 64 + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K. pneumoniae KP243 Urine AM C x CTX, ATM

TCC x  CTX, ATM ,FEP,CAZ 0 0 64 64 + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K. pneumoniae KP253 Urine AM C x CTX, ATM

TCC x  CTX, ATM ,FEP,CAZ 0 0 64 64 + + + +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K. pneumoniae KP525 Sputum AM C x ATM  weak

{ventilator} TCC x none 0 0 64 64 - - + +

Abbreviations: M DDST: M odified double disc synergy test , AMC: Amoxicillin -clavulanate; CTX: Cefotaxime, ATM : aztreonam; TCC:

Ticarcillin- clavulanate; FEP: cefepime; CAZ: Ceftazidime CDO2: Combination disc 2 Oxoid

Table 2: Primers used for amplification and sequencing of antibiotic resistance gene

PCR target           Primer sequence Tm Fragment size

       â-lactam resistance genes

TEM  bla gene TemA1 : 5’-ATAAAATTCTTGAAGAC-3’ 42°C 1075 bp

TemB1: 5’-TTACCAATGCTTAATCA-3’

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SHV  bla gene 49°C 822 bpSHV-F: 5’-CACTCAAGGATGTATTGTG-3’

SHV-R: 5’-TTAGCGTTGCCAGTGCTCG-3’

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTX -M  bla gene CTX-C1: 5’-ATGTGCAGCACCAGTAAAGT3’ 54°C 545 bp

CTX-C2: 5’-ACCGCGATATCGTTGGTGG3’

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTX -M  bla gene group  1 M 13U: 5’GGTTAAAAAATCACTGCGTC-3’ 52°C 863 bp

M 13L: 5’-TTGGTGACGATTTTAGCCGC-3’

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTX-M -15 bla gene 3’ end CTX-M -F1: 5’-ATAAAACCGGCAGCGGTG3’ 50°C 483 bp

CTX-M -F2: 5’-GAATTTTGACGATCGGGG3’

PCR Amplification and Molecular Detection of b-
lactamase Resistance: A subset of 10 ESBL isolates
(5 E. coli and 5 K. pneumoniae non-duplicate isolates)
was subjected to molecular analysis. The characteristics
of those isolates are listed in Table 1.

Five isolates showed higher level resistance to
cefotaxime than to ceftazidime, and five isolates
showed equally high level of resistance to both
cefotaxime and ceftazidime (MIC 64µg/ml). Isolates
were diagnosed as ESBL-producers by at least two of
four methods: the standard DDST , the MDDST ,[17] [14]

the  Oxoid combination disk method  CD O 2

(Caz/Clav)  and/or ESBL Etest strips (AB Biodisk,[18]

Solna Sweden) . [20]

A freshly grown colony was suspended in 500 µl
of lysis buffer (20 mm Tris-HCl pH8, 3.5 mM KCl, 0,
1% tween 20) and heated for 5 min at 94 °C in a dry
waterbath (Eppendorf, Germany). DNA amplification
was carried out by using 2 µl of the lysate in 500 mM

2KCl, 10mM Tris HCl, 1.5 mM MgCl , containing 500
µM of each dNTP, 0.2 µM of each primer, 0.5U of
Taq DNA polymerase (Roche Diagnostics, France) in
a final volume of 25 µl. The sequence of primers used
in DNA amplification is listed in Table 2 . PCR was[21]
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performed in a Gen Amp PCR 9600 (Applied

Biosystems, Courtaboeuf, France). The PCR cycling

conditions were as described in respective studies. PCR

products were analysed by electrophoresis in 1.2 %

agarose gels in TBE buffer staining with ethidium

bromide and visualized with UV light. 

PCR products were sequenced with the Big Dye

Terminator sequencing kit (Perkin Elmer/Applied

Biosystems, Courtaboeuf, France) using the same

primers of PCR .An ABI Prism 3100 genetic analyzer

(Applied Biosystems, Courtaboeuf, France), and the

Sequence Analysis software and BLAST programs were

used for sequence analysis 

RESULTS AND DISCUSSION

Prevalence and Distribution of ESBL-producers: An

ESBL phenotype was recognized in 56/85 (65.8%)

isolates expressing reduced susceptibility to an

expanded-spectrum cephalosporin by disc diffusion test.

The distribution and prevalence of ESBL-producing

bacteria among the isolated species were as shown in

table 3.

Performance of ESBL Tests: All E.coli, Klebsiellae

spp and Proteus mirabilis producing ESBLs were

successfully  detected by both DDST, MDDST and the

CDO2 disc test. Significant clavulanate synergy was

easily detected with all substrates in both disc synergy

tests except for the Citrobacter freundii and

Enterobacter aerogenes isolates that were detected as

ESBL-positive by the MDDST showing synergy only

with cefepime disc. Additionally, they were resistant to

cefoxitin and they showed enlarged zone diameters of

beta-lactam drugs in the cloxacillin agar test denoting

possible cephalosporinase hyperproduction. This was

confirmed by the three dimensional test as clear

distortion of zone of inhibition of cefoxitin was

indicative of Amp-C co-production

Molecular Detection and Sequencing of â-lactamase

T E M , SH V Resistance Genes: PCR detection of bla  bla and

C T X - M  b la â - la c ta m a s e s  r e v e a le d  t h a t  a l l  1 0

representatives were positive in CTX-M consensus

primer  PCR but negative in TEM and SHV-PCRs.

The CTX-M enzymes found in all the isolates belonged

to the CTX-M genogroup 1 based on PCR reaction

using the CTX-M group1 primers (figure 2a, b).

Sequencing of the amplicons demonstrated the presence

of CTX-M-15 in all the isolates.

â - lactamase Ana ly sis  in C omparison  w ith

Genotyping: The 10 ESBL-positive isolates that were

molecularly characterized as CTX-M-15 gave clear

synergy  with  most  of  the substrates put in

proximity with AMC and TCC in the DDST and

MDDST (table 1, figure 1); except in two K.

pneumoniae isolates. where weak synergy was seen as

a  small  clear  zone  between  AMC and ATM.

(figure 1f, 1j). 

 Five Klebsiellae and 2 E.coli isolates were

cefoxitin resistant but cefotetan sensitive and gave

negative results in the cloxacillin agar test and the

modified three dimensional test, so cefotetan was a a

better indicator of sensitivity to cephamycins than

cefoxitin.

Antibiotic Susceptibility Testing: All ESBL-positive

isolates were highly resistant to penicillins (100%),

oxyimino cephalosporins and aztreonam (90-100%).

The beta-lactamase inhibitor tazobactam restored

susceptibility to piperacillin in 70% of the isolates,

while clavulanic acid did not significantly restore

susceptibility to amoxillim or ticarcillin. 

All the ESBL-positive isolates expressed co-

resistance to two or more non-beta lactam antibiotics

aminoglycosides (AG), fluoroquinolones (FQ),

n i t r o f u r a n to i n  ( N I T ) ,  a n d /o r  t r im e th o p r im -

sulfamethoxazole (SXT) and were defined as multidrug

resistant (MDR). 90%, 100%, 50 % and 90% of CTX-

M -positive isolates were resistant to AG, FQ, NIT,

and SXT. Imipenem, colistin and fosfomycin were the

only sensitive antibiotics that remained effective on all

ESBL-positive MDR isolates.

The rate of ESBL isolates detected in this study

was alarmingly high 65.8%; but comparable to other

reports on isolates from Egypt . The ESBL[10 ,13]

phenotype of 85 clinical isolates from the intensive

care setting of TBRI, Cairo was detected by the

conventional DDST, the Oxoid combination disc test

(CDO2) and the MDDST. From our findings, the

majority of ESBLs were detected by the DDST, except

for 2 isolates (Citrobacter freundii and Enterobacter

aerogenes), that were detected as ESBLs by the

MDDST by clavulanate synergy with cefepime disc

only. Phenotypic analysis of those 2 isolates showed

that they were resistant to cefoxitin, inhibited by

cloxacillin agar test and positive result in the three

dimensional test, denoting possible co-Amp-C

hyperproduction. So the MDDST could detect ESBLs

masked with simultaneous hyperproduction of a

cephalosporinase. This finding was consistent with

previous studies . [14 ,22]

In addition to the accuracy of the MDDST test, it

allows a 24-hour earlier    detection and reporting of

ESBLs to infection control and it provides a cost-

effective alternative approach for clinical microbiology

laborator ies for routine susceptibility tes ting

simultaneous with ESBL detection; thus negates the

need for ESBL confirmation.
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Table 3: Prevalence and distribution of ESBLs among Gram negative bacterial isolates 

                        Prevalence of ESBLs

----------------------------------------------------------------------------------------

Species No of isolates Intraspecies n (%) Interspecies % 

K. pneumoniae 35 31 (88.5) 55.3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E. coli 27 20 (74.0) 35.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

P. mirabilis 4 3(75.0) 5.3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C. freundii 4 1(25.0) 1.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

E. aerogenes 4 1(25.0) 1.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

A. baumanii 3 0(0)  0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S. marcescens 3 0(0)  0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

P. aeruginosa 5 0(0)  0

Total 85 56 65.8

Fig. 1: Appearance of ESBL-producing E.coli and Klebsiella pneumoniae isolates carrying bla CTX-M gene by

MDDST

Arrow-head synergy of ticarcillin-clavulanate with all 4 surrounding cephalosporins CAZ, CTX, ATM and

FEPI in isolates {a,b,c,d.e.g,h,i}.   Isolates {f} and {j} show weak clear zone synergy between amoxicillin

clavulanate and aztreonam only

Although cefoxitin resistance in ESBLs that lack

chromosomally-encoded Amp-C beta lactamases as in

Klebsiella pneumoniae species may point to the

presence of associated plasmid Amp-C enzymes ,[23]

none  of our cefoxitin-resistant isolates showed

enlarged zone diameters of cephalosporins in the

cloxacillin agar dilution test. So it is likely that none

of them had an Amp-C beta-lactamase, however we

cannot  completely rule out the presence of Amp-C

beta lactamases in such isolates as they were not

Am pC .screened for the presence of bla  due to unavailable

 primers.  It is noteworthy to mention that 5% of the

ESBL-positive isolates were resistant to cefoxitin but

sensitive to cefotetan, so cefotetan was a better

indicator of sensitivity to cephamycins than cefoxitin..

However we do not have a clear explanation to the

resistance exhibited to cefoxitin. It might possibly be

due to high selection pressure exerted on this

cephamycin  and  the  absence  of  cefotatan  from

the Egyptian market. 

Importantly, five of the isolates that were

molecularly analyzed were more resistant to cefotaxime

than to ceftazidime, suggesting that they were CTX-M 

producers  but the other 5 isolates conferred high-[24]

level resistance to both CTX and CAZ (zone diameter 

0mm and MIC 64µg/ml). PCR amplification reactions

using CTX-M consensus primer then CTX-M1 primer

and genetic sequencing showed that all isolates indeed

had CTX-M15 enzyme which belongs to the group

CTX-M1 group of ESBLs. It is know that CTX-M

enzymes usually have greater activity against

cefotaxime than ceftazidime, except for the CTX-M15,

28, 32, 54 of the CTX-M1 group that show enhanced

hydrolytic activities against ceftazidime too .[25]
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Fig. 2(a): PCR amplification products of bla CTX-M gene using CTX C1/C2 consensus primer.

Lane 1 Molecular size marker {1 kb DNA ladder Gibco-BRL Life technology -France}, lanes 2-6

E.coli isolates, lanes 7-11 K. pneumoniae isolates, lane 12 positive control strain containing of bla

CTX-M gene of about 550 bp.

(b) PCR amplification products of  CTX-M gene group1 using M13U /M13L primerbla

Lane 1 Molecular size marker {1 kb DNA ladder Gibco-BRL Life technology -France},

Lanes 2, 3 E.coli isolates, lanes 4, 5 K. pneumoniae isolates containing of  CTX-M gene.bla

CTX-M ß-lactamases constitute a novel and rapidly

growing family of plasmid-mediated ESBLs that are

currently replacing mutant TEM or SHV ESBL families

and with much greater penetration into Escherichia coli. 

 They have become the most prevalent type of ESBLs

described during the last 5 years, especially from 

certain European and South American countries .The

type of the enzyme varies with the country, group 9

(CTX-M-9 and -14) enzymes dominate in Spain and 

group 1 enzymes (particularly CTX-M-3 and -15) are 

dominant in France and UK . In the Middle East[26]

area,  reports  from Lebanon and Kuwait also point

that CTX-M15 is the predominant ESBL in E. coli .[27 ,28]

To our knowledge this is the second report denoting

detection of CTX-M- ESBLs in Egypt. This work 

further corroborates that this enzyme is one if the most

common worldwide The high prevalence of MDR

CTX-M- positive isolates encountered in this study in

both E. coli and Klebsiella pneumoniae isolates is

alarming and consistent with other recent studies

reporting that CTX-M-15 producers are more likely to

be resistant to gentamicin and tobramycin and certain 

fluoroquinolones . We did not detect ESBL isolates[29]

resistant to imipenem, which consequently remains to

be the only reliable therapeutic agent for severe

infections encountered in the intensive care setting.

Thus judicious use of this drug is highly recommended

particularly in developing countries where antibiotics

are available without prescription. Although the

antibiogram pattern of the E.coli isolates from ICU

strongly suggested the possibility of an outbreak, there

was no point in performing costly molecular procedures

for epidemiological typing as this was a retrograde

study  to investigate the molecular types of ESBLs.

This preliminary study alerted us to the need of a more

elaborate molecular epidemiological study of ESBLs

from Egypt from several hospital settings as well as

from the community.   
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