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Introduction
Extended-spectrum β-lactamase-producing Enterobacteriaceae 
is an emerging public health concern. Complications in UTIs 
have increased because of the prevalence of extended spectrum 
beta-lactamases (ESBL) producing bacterial pathogens which are 
also causing many management and epidemiological issues [1]. 
These complications came out from the increasing resistance 
among UTI pathogens to conventional drugs. The most common 

etiological agent in UTI is E. coli and the prevalence of ESBLs 
producing E. coli isolated from community acquired urinary tract 
infection came out to be 17% and for urinary tract nosocomial 
infection was 58% [2].

ESBL production confers resistance to all the beta-lactam 
antibiotics, except carbapenems and cephamycins. In addition, 
ESBL encoding plasmids also carry genes which encode 
resistance to other class of antibiotics such as fluoroquinolones, 
aminoglycosides and sulfonamides [3]. It was proved that 
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Urinary tract infection (UTI) is caused by Gram-negative bacteria such as Escherichia 
coli, Klebsiella species, Enterobacter species, Proteus species and Gram-positive 
bacteria like Enterococcus species, and Staphylococcus saprophyticus. E. coli is the 
most common organism causing both community as well as hospital acquired UTI.

The aim of this study was to determine the occurrence of multidrug resistant 
strains among UTI caused by E. coli isolates against commonly used antimicrobial 
agents and the possible role of extended spectrum beta-lactamases (ESBL) in E. 
coli resistance to antibiotics.

One hundred E. coli isolates from 262 inpatients were identified. Susceptibility 
to various antibiotics was checked using standard methods. All Isolates were 
examined for the presence of ESBL using combination disc method, indicating 
ESBL production.

Most of isolates were resistant to ampicillin and cephalothin. Overall resistance to 
beta-lactam antibiotics ampicillin and cephalothin was 95% and 93% respectively. 
Almost all Isolates were sensitive to imipenem with 2% resistance. Thirty six per 
cent of E. coli isolates were ESBL producers.

In order to find out the plasmid profile of these isolates, plasmid preparations 
were made for each isolate. Out of 100 clinical isolates 68 of them were found to 
have one or more plasmids responsible for ESBL resistance.

Our results conclude that most of E. coli isolated during this study, are ESBL 
producing. It is highly recommended that antibiotic prescription should be 
monitored according to the guidelines. Antibiotic consumption should be 
monitored both in healthcare facilities as well as in community. The role of 
Infection prevention and control is crucial in all healthcare facilities to decrease 
the occurrence of antibiotic resistance.
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resistance to penicillin, sulfamethoxazole, trimethoprime and 
cephalothin were 100%, 30.89%, 16.26% and 20.32%, respectively 
[4]. Attempts have been made to decrease the prevalence of 
ESBL producing organisms by substituting earlier cephalosporins 
with a fourth-generation cephalosporin or beta-lactam/beta-
lactamase inhibitor combinations [5]. Therefore, there is a need, 
to determine the current prevalence and phenotype of multidrug 
resistant strains among UTI caused by E. coli isolates against 
commonly used antimicrobial agents [6].

Much of the problem of antimicrobial resistance has been shown 
to be due to the presence of transferable plasmids encoding 
multidrug resistance and their dissemination among different 
enterobacterial species [7] and it is common for a single plasmid 
to simultaneously mediate resistance to multiple antimicrobials 
and to be shared among different bacterial genera. In plasmid 
profiling, isolates usually vary in size and number. For [8] out 
of the 99 E. coli pathotypes, 35 (35.4%) were found to possess 
plasmids, which ranged in sizes from 1.7 kb to 4.5 kb.

The present study was conducted to achieve resistance profile 
among E. coli clinical isolates from our local area in Tanta hospitals 
against commonly prescribed antibiotics. Further analysis was 
done to identify the prevalence of multidrug resistant strains and 
the possible role of ESBL in E. coli resistance to antibiotics. Plasmid 
profiling was done to know the role and nature of plasmid as an 
antibiotic resistance marker in ESBLs.

Materials and Methods 
Isolation and identification of E. coli 
Bacterial strains: A total of 100 isolates of E. coli from urinary 
tract infected patients were studied. The isolates were non-
repetitive and were obtained consecutively from urine specimens 
from inpatients in urology wards of Tanta university hospitals in 
the period between June 2013 and September 2014.

Isolation of pathogens: Pathogens were isolated using standard 
media, including Cystine lactose electrolyte deficient (CLED) agar, 
blood agar and MacConkey‘s agar. Specimens were inoculated 
using standard techniques. Plates were incubated overnight at 
37°C before the plates were inspected for growth [9].

Identification of isolates: Isolates were identified based on 
morphological and biochemical characteristics. Morphological 
characters include colony diameter, shape, texture, height, edge, 
color and reaction on standard media including CLED agar, Eosin 
methylene blue (EMB) agar and MacConkey‘s agar. Gram staining 
for all isolates was done. Routine biochemical tests i.e., lactose 
fermentation, indole production, methyl red, Voges-Proskauer, 
citrate utilization, urease and motility were tested according to 
Berg’s manual [10].

Antimicrobial susceptibility
Antimicrobial susceptibility was determined by using Kirby-Bauer 
disk diffusion technique, recommended by clinical and Laboratory 
Standards Institute CLSI, guidelines. Antimicrobial agents used 
in this study were: Ampicillin (AMP), Sulphamethoxazole/
Trimethoprime (SXT), Nalidixic acid (NA), Norfloxacin (NOR), 
Gentamicin (CN), Nitrofurantoin (F), Imipenem (IPM), Cephalothin 

(KF). Discs were purchased from Oxoid. Susceptibility test was 
done using method of [11].

Detection of ESBL producers by combination disc 
method
Testing for ESBL production was carried out by inoculating 
bacterial suspension of the isolate with a turbidity equivalent 
to 0.5 McFarland Standard on Muller-Hinton agar in accordance 
with NCCLS M100-S10 (M2) guidelines for disc diffusion testing. 
Separate commercial discs containing cefotaxime (CTX 30 µg) 
and ceftazidime (CAZ 30 µg) alone and with clavulanic acid (10 
µg) were used. Antibiotic discs were placed over the lawn culture 
according to the test performed.

Two tests were done; initial screen test and phenotypic 
confirmatory test. According to Clinical & Laboratory Standards 
Institute CLSI; a zone of ≤ 27 mm for cefotaxime and ≤ 22 mm for 
ceftazidime indicate ESBL production as a positive.

ESBL initial screen test: An increase in zone size of ≥ 5 mm for 
cefotaxime and ceftazidime alone and with clavulanic acid was 
considered to confirm ESBL producing strain as a positive ESBL 
phenotypic confirmatory test.

Plasmid profiling
Plasmid profile of all clinical isolates was determined. Isolation 
of plasmids was carried out by alkaline lysis method [12]. DNA 
gel electrophoresis was done using 0.8% agarose gel [13]. Pure 
Yield™ Plasmid Miniprep System was used for DNA purification 
by centrifugation through three main steps; preparing lysate, 
washing and elution. A 600 µl of bacterial culture was added to 1.5 
ml microcentrifuge tube and then 100 µl of Cell Lysis Buffer (Blue) 
and centrifuged at maximum speed. Flow through was discarded 
after transfering the supernatant to a PureYield™ Minicolumn. 
Washing was done with 200 µl of Endotoxin Removal Wash then 
400 µl of Column Wash Solution was added and centrifuged. 
Finally; elution was done with 30 µl of Elution Buffer. Gel 
electrophoresis was done through three main steps; preparation, 
loading and running the gel and post-electrophoresis staining.

Results
Identification of isolates
All isolates were identified as E. coli based on their morphological 
and biochemical characters.

Antimicrobial susceptibility
Isolates were all tested against 8 antibiotics included in the study. 
Table 1 indicates the resistance pattern of clinical isolates against 
8 antimicrobial agents. The overall antimicrobial resistance 
patterns of the isolates against different antibiotics were as 
follows: Ampicillin 95%, Sulphamethoxazole/Trimethoprime 
69%, Nalidixic acid 70%, Norfloxacin 59%, Gentamicin 31%, 
Nitrofurantoin 16%, Cephalothin 93% and Imipenem 2%.

Multidrug resistance
95% of the isolates were found to be multidrug resistant. Six E. 
coli isolates were resistant to 7 antibiotics.
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ESBL production
Out of 100 isolates of E. coli, 36 were detected as ESBL producers 
and 64 were non-ESBL producers.

Table 2 indicates the resistance pattern of clinical isolates against 
the antimicrobial agents in relation to ESBL production.

It is clear that resistance of isolates to each antibiotic is higher 
in case of ESBL producers than in case of non-ESBL producers 
except for Gentamicin and Imipenem. Resistances against 

Ampicillin were 100% and 92% for ESBL producers and non-ESBL 
producer’s respectively. Resistances to Imipenem were 0% and 
3.1% for ESBL producers and non-ESBL producers respectively.

Figure 1 shows the differences in the resistance pattern of clinical 
isolates in relation to ESBL production.

Figure 1a shows sensitivity test for ESBL producing E. coli isolate 
which show resistance to most antibiotics. In contrast, Figure 
1b shows sensitivity test for non-ESBL producing E. coli isolate 
which show sensitivity to most antibiotics. Figure 2 shows ESBL 
production phenotypic confirmatory test by combination disc 
method.

Figure 1a shows ESBL positive strain. In contrast, Figure 1b shows 
ESBL negative strain.

Antibiotic Clinical isolates from
resistance urinary tract infection

pattern (n=100)
n %

▪AMP 10 µg
Resistant 95 95.0
Sensitive 3 3.0

Intermediate 3 3.0

▪SXT 25 µg
Resistant 69 69.0
Sensitive 28 28.0

Intermediate 3 3.0

▪NA 30 µg
Resistant 70 70.0
Sensitive 22 22.0

Intermediate 8 8.0

▪NOR 10 µg
Resistant 59 59.0
Sensitive 37 37.0

Intermediate 4 4.0

▪CN 10 µg
Resistant 31 31.0
Sensitive 59 59.0

Intermediate 10 10.0

▪F 300 µg
Resistant 16 16.0
Sensitive 65 65.0

Intermediate 19 19.0

▪KF 30 µg
Resistant 93 93.0
Sensitive 4 4.0

Intermediate 3 3.0

▪IPM 10 µg
Resistant 2 2.0
Sensitive 96 96.0

Intermediate 2 2.0

Table 1 Resistance pattern of clinical isolates from UTI (n=100) against 
antibiotics.

Clinical isolates from urinary
tract infection with E. coli

Antibiotic (n=100)
resistance ESBL Non ESBL

pattern producer producer
(n=36) (n=64)

n % n %
▪AMP 10 µg

Resistant 36 100 59 92.2
Sensitive 0 0 3 4.7

Intermediate 0 0 2 3.1
▪SXT 25 µg
Resistant 29 80.6 40 62.5
Sensitive 6 16.7 22 34.4

Intermediate 1 2.8 2 3.1
▪NA 30 µg
Resistant 30 83.3 40 62.5
Sensitive 5 13.9 17 26.6

Intermediate 1 2.8 7 10.9
▪NOR 10 µg

Resistant 26 72.2 33 51.6
Sensitive 9 25.0 28 43.8

Intermediate 1 2.8 3 4.7
▪CN 10 µg:
Resistant 10 27.8 21 32.8
Sensitive 23 63.9 36 56.3

Intermediate 3 8.3 7 10.9
▪F 300 µg
Resistant 6 16.7 10 15.6
Sensitive 23 63.9 42 65.6

Intermediate 7 19.4 12 18.8
▪KF 30 µg
Resistant 36 100 57 89.1
Sensitive 0 0 4 6.3

Intermediate 0 0 3 4.7
▪IPM 10 µg
Resistant 0 0 2 3.1
Sensitive 36 100 60 93.8

Intermediate 0 0 2 3.1

Table 2 Resistance pattern of clinical isolates from UTI (n=100) against 
antibiotics in relation to ESBL production.
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Plasmid profiling
Plasmid profiling showed that out of 100 clinical isolates 68 
were found to have one or more plasmids. Table 3 indicates the 
number of plasmids included in clinical isolates.

Number of plasmids was from 1 to 5. Out of 68 isolates, 25 
(36.7%) contain 1 plasmid and 10 (14.7%) contain 5 plasmids.

Figure 3 shows Plasmid profile of E. coli strains isolated from 
patients with urinary tract infection.

Plasmid profile analysis of E. coli strains revealed the presence 
of plasmids with various number and molecular weights in some 
samples and absence of plasmids in others.

Discussion
Urinary tract infection is one of the commonest bacterial 
infections [6]. It represents one of the most important causes of 
morbidity and is the second cause of hospital visits [14]. Urinary 
tract infection (UTI) forms the largest single group of hospital-
acquired infection and accounts for about 40–50% of the total 
nosocomial infections. Enterobacteriaceae are the most frequent 
pathogens detected, causing 84.3% of UTI [15,16]. E. coli plays an 
important role in UTI [17]. The present study was done on 100 E. coli isolates recovered from 

262 UTI urine specimens (38.2%). In a study [17], E. coli was the 
predominant uropathogen (54.6%) causing UTI. Similar results (E. 
coli 67%) were obtained by [18] as well as results obtained by; 
who stated that E. coli is still the most common cause of UTI [19] 
also reported 53% E. coli. Our results correspond with those of 
[20-23].

Antibiotic resistance is a major clinical problem in treating 
infections. The resistance of bacteria causing UTI to commonly 
prescribed antibiotics is increasing both in developing as well as 
in developed countries. Resistance has emerged even to more 
potent antimicrobial agents [24].

Our results showed that E. coli isolated were highly resistant to 
the so commonly used antibiotics: Ampicillin, 95%, Cephalothin 
93%, Nalidixic acid 70%, Norfloxacin 59%, Trimethoprim 
Sulfamethoxazile 69% and Nitrofurantoin 16%. These results 
agreed with results of [25] who reported resistance rates similar 
to ours: Ampicillin 81.7%, cephalexin 92.7%, Nalidixic acid 78.9%, 
ciprofloxacin 49.5%, Norfloxacin 78.9%, co trimoxazole 54.1% 
and Nitrofurantoin 5.5%.

In the present study, 95% of the isolates were resistant to at 
least two antibiotics. Ninety five per cent of E. coli isolates were 
resistant to Ampicillin, a result that is in accordance with [6] 
(94%), [17] (88.7%) and [25] (81.7%). On the other hand, other 
studies showed lower results (60%) [26].

Extended-spectrum ß-lactamases are enzymes produced 
by a variety of organisms like enterobacteriaceae [27]. ESBL 
producing Enterobacteriaceae is an emerging public-health 
concern. Emergence of ESBLs in Gram negative bacteria reduces 
therapeutic options [19], because the ESBL-encoding isolates 
often co-express resistance to fluroquinolones, TMP-SMX, 
tetracycline and aminoglycoside, thus are often classified as 

  
(a) (b)

Figure 1 (a) Sensitivity test for ESBL producing E. coli isolated 
from the patient suffering from urinary tract infection; 
(b) Sensitivity test for non ESBL producing E. coli isolated 
from the patient suffering from urinary tract infection.

(a) ESBL positive strain                                       (b) ESBL negative strain 

Figure 2 ESBL production phenotypic confirmatory test by 
combination disc method.
Note: 1-Cefotaxime (CTX), 2-Cefotaxime clavulanic 
acid (CTC), 3-Ceftazidime (CAZ ), 4-Ceftazidime  
clavulanic acid

Figure 3 Plasmid profile of E. coli strains isolated from patients 
with urinary tract infection.

No. of plasmids present 1 2 3 4 5
No. of including samples (total n=68) 25 7 18 8 10

% 36.7 10.3 26.5 11.8 14.7

Table 3 Number and percentage of plasmids present in clinical isolates.

http://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&ved=0ahUKEwjB5pqdnqvTAhWHvBQKHcfUAN8QFghKMAg&url=http%3A%2F%2Fwww.oxoid.com%2Fca%2Fblue%2Fprod_detail%2Fprod_detail.asp%3Fpr%3DCT1598%26org%3D71%26c%3Dca%26lang%3Den&usg=AFQjCNFl1Q9Q4pYlTu4tJ0vtsSvFxxTenA&bvm=bv.152479541,d.ZWM
http://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&ved=0ahUKEwjB5pqdnqvTAhWHvBQKHcfUAN8QFghKMAg&url=http%3A%2F%2Fwww.oxoid.com%2Fca%2Fblue%2Fprod_detail%2Fprod_detail.asp%3Fpr%3DCT1598%26org%3D71%26c%3Dca%26lang%3Den&usg=AFQjCNFl1Q9Q4pYlTu4tJ0vtsSvFxxTenA&bvm=bv.152479541,d.ZWM
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multidrug-resistant pathogens [28]. Failure to detect these 
enzymes has contributed to their uncontrolled spread and 
therapeutic failure as well [29].

In the present study, ESBL isolated E. coli were all (100%) 
resistant to Ampicillin while the non-ESBL were 92.2% resistant 
to Ampicillin [18]. Revealed similar resistance results to the 
penicillin Amoxicillin (100% and 80.8%).

Seventy percent of our isolates were resistant to Nalidixic acid. 
Other studies revealed higher resistance rates as [30] and [17] 
who reported resistance rates of 89.2% and 87.2% respectively. 
[31] Recorded high resistance to Naidixix acid (61.2%). [25] 
recorded 57.7% though other studies showed lower results like 
the study done by [24]. It showed only 13% resistance to Naidixix 
acid.

In our ESBL group, resistance to Nalidixic acid was found to 
be 83.3% and 62.5% in non-ESBL E. coli studied which is in 
accordance with [18] who reported 81.8% and 59.6% in ESBL and 
non-ESBL repectively. Our results agreed also with those of [19] 
who reported 93% resistance in the ESBL group and 69% in the 
non-ESBL group.

We also reported 59% resistance to Norfloxacin which was 
high compared to results obtained [32] (11%) and [1] (11.2%) 
respectively. Our ESBL group showed resistance of 72.2% and 
the non- ESBL showed 51.6%. On the other hand, [18] reported 
36.4% and 38.3% resistance to ciprofloxacin in ESBL and non-
ESBL groups respectively. Meanwhile [19] showed 93% and 69% 
resistance in both ESBL and non-ESBL E. coli.

The resistance reported to quinolones and fluroquinolones 
could be attributed to the overuse of quinolones for treatment 
of UTI [32,33]. Another factor could be the generalized use of 
fluoroquinolones in animals feed (especially in poultry) and the 
subsequent transmission of resistance to strains from animals to 
humans [34].

Our study revealed 80.6% resistance to Trimethoprim/
Sulphamethoxazole in the ESBL, and 62.5% in the non-ESBL E. 
coli. Those results agreed with those of [18] who recorded 86.4% 
and 70.2% resistance to Cotrimoxazole in ESBL and non-ESBL 
studied E. coli. On the other hand, [19] revealed higher rate of 
resistance to Co-trimoxazole in ESBL (95%) but lower in non-ESBL 
(53%). On the contrary, results of [32] were lower 29% and 49% 
respectively.

Our research revealed that all ESBL E. coli (100%) were resistant 
to Cephalothin while the non ESBL ones showed 93% resistance.

The present study showed lower resistance to Gentamicin 
(31%), which is far from the result obtained by who reported 81%. 
Meanwhile Nitrofurantoin showed lower rates of resistance (16%).

Being a highly beta-lactamase stable carbapenem, with an 
unusual property of causing a post antibiotic effect on Gram-
negative bacteria resistance to Imipenem was found to be very 
low (2%). This result agreed with that of [6] in Egypt and in India 
who detected showed no resistance (0%). On the other hand, 
higher resistances were shown by [35] and [1] were 43.3% and 
32.5%.

Antimicrobial resistance (AMR) differs from a place to another 
depending on many factors. The increasing resistance to 
antibiotics is an inevitable result of the haphazard use of 
antibiotics by both physicians and lay people who have free 
access to over shelf antibiotics and their availability without 
even a prescription or a culture sensitivity testing. The improper 
antibiotic, dose and duration of administration are crucial factors 
for the emergence of AMR strains in community.

Besides using antibiotics in fish farms as well as the wide use in 
animal sector raised the resistance rates in animals and poultry, 
which in their turn transmit those resistant strains to human 
beings. The improper sanitation and hygiene is another cause of 
increased antimicrobial resistance. For antimicrobial resistance 
transmitted in hospitalized patients, the improper infection and 
prevention control measures is an important factor.

Much of the problem of antimicrobial resistance has been shown 
to be due to the presence of transferable plasmids encoding 
multidrug resistance and their dissemination among different 
enterobacterial species [7].

The results of the plasmid DNA analysis displayed that out of 
100 strains; 68 contained plasmids responsible for resistance 
from 1 to 5 per isolate, and the other 32 strains did not include 
any plasmids. Molecular weights of the plasmids were between 
1-33 kb. In a research conducted by Malkawi, the plasmids 
number was from 1 to 6 per isolate with sizes were from 1.5–
54 kb. The plasmid-free 32 isolates were found resistant to 
several antibiotics. The distribution of plasmids in all strains 
appeared that there was no specific plasmid profiling among 
examined isolates. This result confirmed that there was no linear 
correlation between the plasmids content and the antibiogram 
studies of the isolates. In this way, our findings were coherent 
with as mentioned previous studies [36-38].

Conclusion
The present research was conducted to study the resistance 
profile of clinical isolates from our local area against commonly 
prescribed antibiotics. Our results show very high degree of 
resistance to almost all antibiotics as compared to previously 
reported studies. The prevalence of ESBL producing E. coli is 36%. 
Multidrug resistance was found to be significantly higher in ESBL 
producer isolates as compared to non-ESBL producer isolates. In 
plasmid profiling, out of 100 strains; 68 contained plasmids and 
32 were plasmid free. The plasmid-free 32 isolates were also 
found resistant to several antibiotics as well as those containing 
plasmids. The distribution of plasmids in all strains appeared that 
there was no specific plasmid profiling among examined isolates. 
The study showed the importance of continuous monitoring 
programming of multidrug resistance in our hospitals. It also 
showed the need for developing attempts to decrease the 
prevalence of ESBL producing organisms and the modification of 
guidelines for UTIs. ESBLs are clinically significant and patients 
infected with ESBL-producing Enterobacteriaceae experience 
a greater likelihood of poor outcome if they are treated with 
inappropriate antibiotics. The exception is uncomplicated 
urinary tract infections where a very high urinary concentration 
of β-lactam antibiotics can be achieved.
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Recommendations
From our study findings it is highly recommended to have 
urgent surveillance of not only ESBL producers but also other 
antibiotic resistances in large number of cohorts in order to 
obtain prevalence of AMR producers. Surveillance should cover 
all sectors: human, animal and environmental health. Infection 
prevention and control measures should be applied vigorously and 
properly in all healthcare facilities. Application of Antimicrobial 
Stewardship program is mandatory in all healthcare facilities to 
increase the level of knowledge of physicians by education as 
regards antibiotics and their wise use and prescription. Over the 
shelf antibiotics prevention should be mandated by strict applied 
rules. The presence of at least a clinical pharmacist beside an 
infectious disease specialist and an efficient microbiologist 
are mandatory in each hospital for an effective Antimicrobial 
Stewardship Program.

Controlling the emergence and spread of ESBL organisms 
involves a combination of controlling antibiotic use and strict 
adherence to hospital infection control measures. Restriction of 
one class of antibiotics can lead to increased use of another class 
with an accompanying increase in resistance rates. If an isolate 
is confirmed as an ESBL-producer by the CLSI-recommended 
phenotypic confirmatory test procedure:

- All penicillins, cephalosporins, and aztreonam should be 
reported as resistant. 

-This list does not include the cephamycins (cefotetan and 
cefoxitin), which should be reported according to      their routine 
test results. 

 For treatment of ESBL producing bacteria:

-The cephamycins (e.g. cefoxitin, cefotetan) are structurally more 
stable than other cephalosporins to ESBL. 

-Cefepime, a fourth-generation cephalosporin, is active against 
most ESBL-producing organisms. However, it     should be given 
at high dose (≥ 2 g every 12 hours) usually in combination with 
other active agents (amino glycosides, fluoroquinolones). 

- Currently, carbapenems are generally regarded as the preferred 
agent for treatment of infections due to ESBL-producing 
organisms. 

-ESBLs are usually inhibited by β-lactamase inhibitors, such as 
clavulanic acid, sulbactam or tazobactam. 

-Infection Control Issues: Several infection control factors should 
be emphasized when faced with combating the spread of ESBL-
producing organisms. These issues include such things as isolation 
precautions, environmental decontamination and antibacterial 
usage patterns.
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