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Introduction  

Acute infectious diarrhea is an important cause of  morbidity and 
mortality in children worldwide. The disease remains a health 
problem challenge especially in developing countries [1-3]. The 
causative pathogens include a wide variety of  microorganisms like 
bacteria, viruses and parasites. [4-7]. Diarrheagenic Escherichia coli 
(E.coli) represented  one of  the most frequent causes of  acute 

diarrhea in children under five years old in developing countries 
[8-10]. In UNICEF report in Egypt based on survey conducted 
by Egypt demographic and health state the overall  percentage of  
children under five who had diarrhoea in survey was conducted 
was 8.5%. and though  antibiotics and anti-diarrhoeal medications 
are generally not recommended to treat diarrhoea in young chil-
dren; results from the survey reported that antibiotics were given 
to one-third of  children with diarrhea [11].

Recent reports indicated increase in the prevalence of  extended 
beta lactamase production among diarrheagenic E. coli species 
[12, 13]. The inappropriate use of  antibiotics is one of  the lead-
ing causes of  acquisition of  microbial resistance leading to severe 
infections. Moreover, E.coli is known to be an important reservoir 
for resistance genes as described previously in several reports [14, 
15].

A common mechanism of  antibiotics resistance in E.coli is the 
production of  extended beta lactamase enzymes. Beta-lactamases 
are enzymes produced by some bacteria and are responsible for 
bacterial resistance to beta-lactam antibiotics like penicillins, 
cephamycins and carbapenems (ertapenem). These antibiotics 
have a common four-atom ring known as a beta-lactam in their 
molecular structure. The beta-lactamase enzyme breaks that ring 
open, leading to deactivating the molecule's antibacterial prop-
erties [16]. At the beginning (ESBL) producing organisms were 
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isolated from outbreaks in Germany, United States  and later on 
reported world wide [17]. ESBL organisms are commonly resist-
ance to cephalosporines antibiotics [18].

The production of  extended-spectrum β-lactamases like TEM-
1, TEM-2 and SHV-1 by gram-negative bacteria renders these 
species resistant to penicillins, cephalosporins and aztreonam in 
the treatment of  serious infections caused by these pathogens. 
Though there is no information on their molecular types [19, 20].

There are so many types of  ESBLs like TEM, SHV, CTX, OXA, 
but majority of  the ESBLs are derivatives of  TEM or SHV en-
zymes and these enzymes are most often found in E. coli and K. 
pneumoniae [21].

There are limited studies about the molecular mechanisms of  ES-
BLs in diarrheagenic E.coli in Egypt related to presence of  bla-
TEM and bla-SHF genes in diarrheagenic E.coli.

The aim of  the present study was to determine the prevalence 
mainly of  bla-TEM and bla-SHV genes common genes respon-
sible for ESBL production amongst diarrheagenic E. coli species 
isolated from the children admitted to Mansoura University chil-
dren hospital.

Materials and Methods

The study included children with acute diarrhea presented in Man-
soura University children hospital during the period from January 
2011 till Jun 2014. Diarrhea was defined as (i) at least three loose 
(or watery) stools within 24 h, regardless of  other gastrointesti-
nal symptoms; (ii) two or more loose stools associated with  one 
other symptom of  gastrointestinal infection like abdominal pain, 
nausea, vomiting, and fever; or (iii) passage of  a single loose stool 
with grossly evident blood and/or mucous [22].

Patients were selected according to the Centers for Disease Con-
trol and Prevention (CDC) definition of  hospital acquired diar-
rhea which is acute onset of  diarrhea in a hospitalized patient with 
a period of  at least 3 days of  hospitalization prior to the onset of  

diarrhea [23].

The parents of  each child signed and the study was approved by 
the ethical committee of  Mansoura Faculty of  Medicine, Egypt. 
Each child was subjected to full history taking and clinical ex-
aminations. Stool sample were obtained from each patient and 
subjected to full microbiological examination.

Stool samples were collected in plastic containers. In the micro-
biological laboratory, stool samples were spread on MacConkey at 
37°C for 24 hours. The isolated colonies were identified by stand-
ard biochemical reactions by MicroScan® WalkAway diagnostic 
microbiology system (Siemens HealthCare Diagnostics, formerly 
Dade Behring, USA).

E.coli was identified by furthure multiplex PCR  to identify the five 
common diarrheagenic E.coli species  namely Enterotoxogenic E 
.coli (ETEC) Enteroaggregative E .coli (EAEC) Enterohemor-
rhagic E.coli (EHEC), Enteropathogenic Esch .coli (EPEC) and 
Enteroinvasive Esch .coli (EIEC).

DNA Extraction

Ten colonies of  isolated E.coli were suspended in 1ml of  sterile 
distilled water and bacterial suspension was boiled for 10 minutes 
centrifuged and supernantent was used as DNA templates for all 
PCR procedures.

Multiplex PCR for identification of  Diarrheagenic E.coli spe-
cies

Multiplex PCR was designed for the detection of  target genes: eae 
for enteropathogenic E. coli (EPEC), eae and stx for enterohem-
orrhagic E. coli (EHEC), ipaH for enteroinvasive E. coli (EIEC), 
CVD432, aspU and aggR for enteroaggregative E. coli (EAEC) 
and elt and est for enterotoxigenic E. coli (ETEC). The primers 
used and bp size were summarized in Table 1 [24].
A total volume of  50µl master mixture  was used for PCR using 
mixtures of  10x buffer 5µl, dNTP (0.2mM each) 4µl, primer mix-
ture (30 p mol concentration of  each) 3µl, Taq polymerase (2.5 U) 

Table 1. PCR primers used for detecting different Diarrheagenic E.coli strains.

E.coli strain Primer bp gene
EPEC SK1 CCC GAA TTC GGC ACA AGC ATA AGC 

SK2 CCC GGA TCC GTC TCG CCA GTA TTC G
881 eae 

EHEC VTcom-u GAG CGA AAT AAT TTA TAT GTG 
VTcom-d TGA TGA TGG CAA TTC AGT AT

518 stx

ETEC AL65 TTA ATA GCA CCC GGT ACA AGC AGG AL125 CCT 
GAC TCT TCA AAA GAG AAA ATT AC

147 est 

ETEC LTL TCT CTA TGT GCA TAC GGA GC 
LTR CCA TAC TGA TTG CCG CAA T

322 elt

EIEC ipaIII GTT CCT TGA CCG CCT TTC CGA TAC CGT C ipaIV 
GCC GGT CAG CCA CCC TCT GAG AGT AC

619 ipaH

EAEC aggRks1 GTA TAC ACA AAA GAA GGA AGC aggRkas2 ACA 
GAA TCG TCA GCA TCA GC

254 aggR

EAEC Eaggfp AGA CTC TGG CGA AAG ACT GTA TC 
Eaggbp ATG GCT GTC TGT AAT AGA TGA GAA C

194 CVD432

EAEC spU-3 GCC TTT GCG GGT GGT AGC GG 
aspU-2 AAC CCA TTC GGT TAG AGC AC

282 aspU
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0.5µl, DNAase free water 36.5µl and DNA template (sample) 1µl.

Amplification was performed in the thermal cycler  at 95ºC (Ini-
tialization) 5 minutes, 95ºC (Denaturation) 1 minute, 56ºC (An-
nealing) 1 minute 30 cycles, 72ºC (Extension) 1 minute 72ºC (Fi-
nal extension) 10 minutes  [24].

Antimicrobial susceptibility testing and ESBL detection

In vitro susceptibility testing of  all isolates to a wide range of  anti-
microbials, including both beta-lactams and nn-beta-lactams, was 
performed using the discs diffusion method. Isolates reported 
as ESBL positive, were designated as ESBL screen-positive and 
were further subjected to a confirmatory test. Confirmation of  
the ESBL phenotype was performed using the combination disk 
method based on the inhibitory effect of  clavulanic acid accord-
ing to the CLSI criteria [25]. Antimicrobial disks used were ob-
tained from BD BBL Sensi-Disc (Becton Dickinson, Sparks, MD, 
USA). The antibiotic susceptibility profiles of  the isolates  were 
determined to antimicrobials including amikacin 30 mcg, genta-
mycin 10mcg, ciprofloxacin 5mcg,tobramycin 10mcg,  amoxicil-
lin/clavulanic acid  20/10mcg, cefotaxime 30mcg, ceftazidime 30 
mcg, cefepime 30mcg, cefazolin 30mcg and imipenem 10mcgm.

PCR for the detection of  TEM and SHV genes

E.coli isolates were subjected to testing to detect the possible 
presence of  bla-SHV, and bla-TEM genes by conventional PCR. 
The primers used in multiplex PCR are listed in Table 2. A single 
colony of  the isolated bacteria was emulsified in the 50μl reaction 
mix, which contained 10 pmol of  each primer, 10mM dNTPs mix 
(Qiagen, Hilden, Germany) and 2.5 U of  Taq polymerase (Qia-
gen, Hilden, Germany) in 1x Taq polymerase buffer.

Amplification reactions were performed under the following con-
ditions: initial denaturation at 94°C for 5 minutes, followed by 35 
cycles of  denaturation at 94°C for 30 seconds, annealing at 60°C 
for 30 seconds with an extension at 72°C for 50 seconds, and 
a final extension for one cycle at 72°C for 5 minutes. The PCR 

product was then run on a 1.5% agarose gel stained with ethidium 
bromide, and visualized under UV transillumination for detection 
of  the amplified fragment.

Results

The study included 600 children who presented with acute di-
arrhea in the period from January 2011 till Jun 2014. E.coli was 
detected in 160 samples.

Table 3 summarizes the demographic and clinical data of  chil-
dren with acute diarrhea caused by E.coli. The study included 600 
children with  mean±SD age 3.3±1.8 years complaining of  acute 
diarrhea during the period of  the study. E.coli was isolated for 
diarrhea from 160 children (26.7%).  One hundred patients were 
non breast feed mainly with hospital acquired diarrhea.

Isolated diarrheagenic species were mainly EAEC (31%) and 
EPEC (25%) Table 4.

The rate of  antibiotics susceptibility of  isolated E.coli for beta-
lactams antibiotics was for cefepime (96.2%), cefazolin (97.5%), 
followed by amoxicillin/clavulinic acid acid (28.8%) and imipe-
nem (28.8%). For non beta lactams antibiotics the commonest 
resistance rate was for ciprofloxacin (90%), Table 5.

ESBL genes either TEM or SHF were detected in 31.1% of  iso-
lated E.coli. The commonest gene was TEM (22.5%), then SHF 
(10%). Combined genes were detected only in 2 isolates, Table 6.

The commonest resistance pattern of  E.coli harboring ESBL 
genes cefepime (100%), cefazolin (96%) and cefotaxime (96%) 
and for non beta lactams the commonest was for ciprofloxacin 
(88%), amikacin and tobramycin (20% for each), Table7.

Discussion

Diarrheagenic E.coli is known as common causative bacteria that 

Table 2. Primers used in PCR study for SHF and TEM genes.

Gene primer Amplicon detectable genes* 
SHV SHV-F CGCCTGTGTATTATCTCCCT

SHV-RCGAGTAGTCCACCAGATCCT
294bp 1- 2, 2A, 5,8-9,11-13, 18, 24-27, 29-31, 33-38, 

41-42, 44-46, 48, 50-52, 55, 57, 59- 60, 62-67, 
69-83, 85- 86, 89, 92- 93, 95-97, 101-105, 108, 
110, 120-123, 128-129, 133-137, 140-142, 145, 

147-163, 165, 167 
TEM TEM-F: TTTCGTGTCGCCCTTATTCC TEM-

R:ATCGTTGTCAGAAGTAAGTTGG
404bp 1, 10, 15, 28, 30, 34, 47, 68, 70, 76-77, 79, 88, 

95, 102, 104-107, 109, 124, 126-130, 132, 140, 
143-144, 148, 158, 162, 166, 176, 186, 198, 201 

Table 3. Demographic and clinical data of  children with  diarrheagenic E.coli.

Age (years) 3.3±1.8
Sex

Male 84 (52.5%)
Female 76 (47.5%)

Duration (days) 4.5±1.3
Fever
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Yes 86(53.8%)
No 74 (46.3%)

Vomiting
Yes 60 (37.5%)
No 100 (62.5%0

Breast feeding
Yes 40 (25%)
No 120 (75%)

Hospital acquired diarrhea 120 (75%)

Table 4. Diarrheagenic E.coli species isolated.

E.coli species No (n=160) %
EPEC 40              25%
EHEC 0                 0%
EIEC 35               21.9%
EAEC 50              31.25%
ETEC 35               21.9%

Table 5. Antibiotics resistance among isolated E.coli.

Antibiotics Resistance %
Amikacin 23.80%

Gentamycin 18.80%
Ciprofloxacin 90%

Amoxicillin/clavulinic acid 28.80%
cefotaxime 37.50%
Ceftazidime 27.50%

cefepime 96.20%
cefazolin 97.50%

Imipenem 28.80%
Tobramycin 25%

Table 6. Genotypes of  ESBLs among E.coli.

No. (%)
 Total isolates with positive ESBLs genes 50 (31.3%)

TEM 36 (22.5%)
SHF 16 (10%)

Mixed TEM,SHF 2 (1.3%)

Table 7. Pattern of  antibiotics resistance among E.coli carrying TEM or SHF genes.
Antibiootics No.       %

cefepime 50        100
Cefazolin 48         96%

Cefotaxime 48         96%
Ceftazidime 20         40%
Amikacin 10          20%

Amoxacillin/clavulinic acid 27          54%
Imipenem 27           54%

Ciprofloxacin 44            88%
Gentamycin 8              16%
Tobramycin 10              20%
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cause diarrhea among children world wide [26-28]. Different re-
ports have been investigating the role of  E.coli as diarrheogen-
ic cause in different countries. The frequency of  isolated E.coli 
ranged from 30% up t0 40% in previous studies [29, 30]. In 
Egypt, in limited number of  children it was  5.2% Out of  134 
patients [31].

In the present study, of  the 600 stool samples examined, DEC 
strains were isolated from (26.7%). of  cases mainly under 5 years 
of  age. This finding is online with the concept that diarrheagenic 
E.coli strains are the most common causes of  diarrheal diseases in 
developing countries [32].

It is well known that E.coli diarrhea has mild course and it is usu-
ally self-limited and rehydration is the most effective treatment. 
The use of  antibiotics in general has no role and has many limita-
tions on the grounds of  drug toxicity and the risk of  increased 
wide-spread antimicrobial resistance [33, 34].

Isolated diarrheagenic species were mainly EAEC (31%) and 
EPEC (25%These results on lline to the findings in other study 
carried in Egypt recently where EAEC was the commonest spe-
cies [35].

There is increase in antimicrobial resistance due multiple factors 
one of  them is the inappropriate use of  antibiotics therapy in 
developing countries (34). In the present study, the rate of  an-
tibiotics susceptibility of  isolated E.coli for beta-lactams antibi-
otics was for cefepime (96.2%), cefazolin (97.5%), followed by 
amoxicillin/clavulinic acid acid (28.8%) and imipenem (28.8%).  
This finding has been observed also in an earlier study [36]. In 
another study, antibiotic resistance rates among Egyptian diar-
rhoegenic E.coli isolates were 68.2%, 57.2% and 24.2% for ampi-
cillin, trimethoprim-sulfamethoxazole and ampicillin-sulbactam, 
respectively [37].

Many studies indicate that multidrug resistant E. coli are wide-
spread among the DEC strains and occurrence of  resistant DEC 
could be because of  environmental conditions, including trans-
mission of  resistant isolates from adults to children, or from 
animals to humans [38]. The main factors for dissemination of  
resistance genes are mobilizable plasmids, self-transmissible plas-
mids and conjugative transposons [39].

The effective ß-lactam/ß-lactamase inhibitor combination was 
amoxicillin/clavulanic acid combination.The rate of  resistance to 
ß-lactam/ß-lactamase inhibitor in this study was nearly   similar 
to that recorded by Diaz et al. (2010) [40], who reported  that 
69.4% were susceptible to amoxicillin/clavulanates. Other study 
reported complete failure of  clavulanate to retain the activity of  
amoxicillin against ESBL-producers derived from Egyptian medi-
cal institute [41]. Lower resistance rates (77%) to amoxicillin/cla-
vulanic acid than our finding showed by hospitals and community 
derived E. coli isolates in medical institute in Cairo, Egypt [42]. 
This could be explained by the difference in the beta lacatamase 
types among different studies. It is well known that clavulanate is 
a potent inhibitor of  betalactamase.

The rates of  resistance that have been demonstrated by clinical 
E. coli isolates  against the non-ß-lactam antimicrobials was for 
ciprofloxacin (90%), amikacin and tobramycin (20% for each) re-
flecting the high resistance rates against the different classes of  
antimicrobials and the limited therapeutic option for the treat-

ment of  the infections that are caused by these E. coli. The rate 
of  resistance against quinolones in this study was similar to that 
reported previously [41], but greatly higher than that recorded by 
Mohamed Al-Agamy et al., (41.3%) (2006) [42]. Strong relation 
between resistance to quinolones and other types of  ESBLs like 
CTX-M-15 production has been documented [43]. The rates of  
resistance against aminoglycosides, in general, in our study were 
higher than the previously reported rates [42, 44]. The resistance 
for both quinolones and ESBL producing E.coli strains may be as-
sociated with conjugative transfer of  the same plasmids carrying 
resistance genes for both [45].

The bla-TEM and bla-SHF was detected in 31.1% from 160 E.coli 
isolates. The detection rates of  ESBLs genes in various studies 
range from 4% up to 50% according to the geographical region 
of  the isolates [46]. The commonest gene was TEM (22.5%), then 
SHF (10%). These rates are similar to previous findings in Iran 
where bla-TEM was reported in 24% of  isolated E.coli and 6% 
was bla-SHF and 3% had both genes.

The shortage of  this study is the lack of  identification of  CTX-M 
genotype that might be responsible for ESBL activity.

From this study we can conclude that extended beta lactamase 
production is common among diarrhaegenic Escherichia coli iso-
lated from children below 5 years. The bla-TEM is the common 
genetic mechanism for extended beta lactamase production in 
these isolates followed by bla-SHF. Antibiotics use should be re-
stricted in diarrhea in children to restrict the spread of  antibiotics 
resistance.
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