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Introduction 
 

Enterobacteriaceae family has been 

accounted to deliver augmented beta 

lactamase enzymes that are in charge of 

around of half non response to beta lactams 

antibiotics [1]. These catalysts have the limit 

of hydrolyzing betalactams mostly affecting 

cephalosporins but not carbapenem and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cephamycins [2]. These enzymes are 

ordinarily created by distinctive sets of 

qualities placed either in plasmid like TEM-

1 and TEM-2 or in bacterial chromosomes 

like SHV-1 [3]. Different qualities may be in 

charge of betalactamase phenotypes like the 

vicinity of  chromosomal AmpC [2], 
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Enterobacteriaceae hospital acquired infections are common. Extended spectrum 

beta lactamases (ESBLs) producing species is an emerging health problem. The aims 
of the present study were to assess the prevalence of ESBL-positive species among 

Enterobacteriaceae and non Enterobacteriaceae gram negative bacilli recovered 

from hospital acquired infections and to evaluate the susceptibilities of ESBL-
positive isolates to other compounds. Over two years period (September 2012 to 

September 2014), our task in the clinical microbiology laboratory in Mansoura 

University Hospital, Egypt was to evaluate phenotypic susceptibility to beta-lactams 

of Enterobacteriaceae recovered from hospitalized patients. All isolates positive in 
ESBL screening test were subjected to testing to detect the possible presence of 

SHV, TEM and CTX-M genes by conventional PCR. A total of 232 5isolates of the 

family Enterobacteriaceae were studied during two years period. The double-disk 
method was positive in 37.9% PCR detection showed that TEM-type ESBLs were 

more prevalent than SHV-type and CTX-M enzymes (30 versus20 and 11 

respectively) and that about 5.7% of ESBL-positive Enterobacteriaceae  had mixed 
TEM and SHV genotypes, and 22 (25%) isolates failed to show the presence any of 

the studied genotypes of ESBLs. From this study it is concluded that ESBLs is 

common among Enterobacteriaceae species isolated from hospital acquired 

infections. TEM-bla was the most common genotype followed by SHV and CTX-M. 
The isolates with ESBLs production retain susceptibility to carbapenem compounds 

and to amikacin. 
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hyperproduction of TEM enzymes, creation 

of inhibitor-resistant TEM (IRT), generation 

of oxacillinases, or obtaining of plasmid-

interceded cephalosporinase [2,4-6]. 

Notwithstanding the established TEM- and 

SHV-inferred compounds, betalactamases of 

the CTX-M gathering and VEB-1 have been 

accounted for [7-11]. Consequently, the 

routine identification of betalactam 

phenotypes of Enterobacteriaceae is vital 

for recognizing and observing the spread of 

the different sorts of betalactamases.  

 

In Enterobacteriaceae species, ESBLs have 

been accounted for in Klebsiella spp. E. coli, 

Citrobacter, Enterobacter, Morganella, 

Proteus, Providencia, Salmonella and 

Serratia [3,12-15]. Infections brought about 

by ESBL-positive organisms frequently 

reported in immunocompromised patients 

particularly in health care facility procured 

diseases making it hard to treat these organic 

entities in high-hazard wards [16-18]. 

 

Treatment of patients infected with 

Enterobacteriaceae species producing 

betalactamase is at most vitality and obliges 

full joint effort from clinical microbiology 

labs [19]. 

 

Reduced susceptibility or resistance to 

extended-spectrum cephalosporins and/or 

monobactams represents the a clue for the 

presence of ESBL production, however 

confirmatory tests of using combined 

clavulanate and selected betalactams are 

required like double-disk method and  E-test 

specific strips [20-22].  Routine screening of 

isolates by minimal inhibitory concentration 

(MIC) tests or disk diffusion method does 

not accurately define the expression of an 

extended-spectrum enzyme [23]. ESBL-

positive strains are reported as resistant with 

confirmatory tests even if they were 

susceptible by MICs break points for 

cephalosporins and aztreonam. This is well 

established for for Klebsiella spp. and E. 

coli but has not been established for other 

Enterobacteriaceae species.  

 

In the presence of ESBL-positive strains, 

microbiology research lab should provide 

the clinician with reliable therapeutic 

selection for successfully treating infected 

patients. Since ESBL distribution has been 

show to differ among geographical 

neighborhood [23,24], monitoring of the 

prevalence and the types of extended 

spectrum enzyme  may contribute to 

defining the problem. 

 

The aims of the present study were to assess 

the prevalence of ESBL-positive species 

among Enterobacteriaceae and non 

Enterobacteriaceae Gram negative bacilli 

recovered from hospital acquired infections 

and to evaluate the susceptibilities of ESBL-

positive isolates to other compounds. 

 

Materials and Methods 

 

The study was carried out in Mansoura 

University Hospital. It is tertiary regional 

hospital with 500 beds serving surgical, 

medical and obstetric and gynaecological 

departments in Dakhlia government. Over 

two years period (September 2012 to 

September 2014), the task of the clinical 

microbiology laboratory was to evaluate 

susceptibility to beta-lactams of 

Enterobacteriaceae recovered from 

hospitalized patients.  

 

Antimicrobial susceptibility testing and 

ESBL detection  

 

In vitro susceptibility testing of all isolates 

to a wide range of antimicrobials, including 

both beta-lactams and non-beta-lactams, was 

performed using the automated MicroScan 

WalkAway system (Siemens HealthCare 

Diagnostics, formerly Dade Behring, USA) 
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and Microscan® Gram Negative Breakpoint 

Combo panels.  

 

Isolates reported as ESBL positive, using the 

automated system, 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 

according to the CLSI criteria 

 

Detection of ESBL genes by PCR  

 

All isolates positive in ESBL screening test 

were subjected to testing to detect the 

possible presence of SHV, TEM and CTX-M 

genes by conventional PCR. The primers 

and a list of the detectable genes of each 

gene group are listed in table 1. A single 

colony of the isolated bacteria was 

emulsified in the 50 μl reaction mix, which 

contained 10 pmol of each primer, 10mM 

dNTPs mix (Qiagen, Hilden, Germany) and 

2.5 U of Taq DNA polymerase (Qiagen, 

Hilden, Germany) in 1x Taq polymerase 

buffer.  

 

Amplification reactions were performed 

under the following conditions: 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 for detection of 

the amplified fragment [24]. 

 

Results and Discussion 
 

During the period of the study the laboratory 

received 600 different samples diagnosed as 

hospital acquired infections according to 

CDC criteria. Among those samples, 232 

samples culture yielded Enterobacteriaceae 

species. 

The commonest sites of infections were 

wound infections (41.4%), gastrointestinal 

tract infections (26.7%) and sepsis (18.9%) 

table 2. 

 

The commonest Enterobacteriaceae isolates 

were E. coli in 40.5%, Pseudomonas 

aeruginosa in 13.8% and Klebsiella species 

in 12.9%, table 3. 

 

Antibiotics susceptibility patterns of the 

isolated Enterobacteriaceae species 

revealed high resistance pattern for 

trimethoprim (69.8%) cefepime (67.2%), 

piperacillin (67.2%), cephalothin (62.1%) 

and ampiciilin (60%) while lowest 

resistance was demonstrated toward 

ticarcillin (13.8%), table 4 

 

Occurrence of ESBL-producing organisms. 

A total of 232 5isolates of the family 

Enterobacteriaceae were studied during two 

years period. The double-disk method 

showed that 88 out of 232 isolates (37.9%) 

were characterized by synergy between 

clavulanate and at least one of the tested 

beta lactams. As shown in table 5, the most 

common ESBL-producing strain was E. coli 

(n =28), followed by K. pneumoniae (n 

=12), and Pseudomonas aeruginosa   (n 

=12). 

 

Distribution of ESBL gene types in different 

members of the family Enterobacteriaceae. 

PCR detection of blaTEM, blaSHV and 

CTX-M was performed for 88 isolates 

revealed positive by double disk screening 

test. The assay showed that TEM-type 

ESBLs were more prevalent than SHV-type 

and CTX-M enzymes (30 versus20 and 11 

respectively) and that about 5.7% of ESBL-

positive Enterobacteriaceae  had mixed 

TEM and SHV genotypes, and 22 (25%) 

isolates failed to show the presence any of 

the studied genotypes of ESBLs.  
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TEM-type ESBLs appeared to be 

particularly prevalent equal to or above 50% 

for the following species: E. coli, K. 

pneumoniae and M. morganii SHV-type 

enzymes, in contrast, were widely diffused 

for Acinetobacter and S. fonticola. 

 

It is noteworthy that Salmonella species 

isolated had CTX-M genotypes whereas 

non-TEM, non-SHV enzymes were found in 

most species but were particularly frequent 

in Pseudomonas species, Enterobacter and 

Citrobacter. 

 

Susceptibility pattern of isolated 

Enterobacteriaceae producing ESBLs 

revealed susceptibility to amikacin, 

imipenem and meropenem (50% each) with 

reduced susceptibility to ciprofloxacin 

(23.9%) (Table 6). 
 

In general, hospital-acquired infections 

(HAIs) are most commonly associated with 

invasive medical devices or surgical 

procedures. Lower respiratory tract and 

bloodstream infections are the most lethal; 

however, urinary tract infections are the 

most common [25]. Hospital-acquired 

infections are considered the sixth leading 

cause of death in the United States
 
[26] and 

Europe [27]. Among HAIs, those infections 

caused by Gram-negative bacteria are of 

special concern. These organisms are highly 

susceptible to acquire antibiotics resistance 

especially in the presence of antibiotic 

selection pressure. Moreover, they have 

multiple mechanisms against the same 

antibiotic. In the present study, the 

commonest HAIs that yielded 

Enterobacteriaceae were wound infections 

(41.4%), gastrointestinal tract infections 

26.7% and sepsis (18.9%). 

Mansoura University Hospital mainly serves 

surgical departments and internal medicine 

departments. Usually, the type of hospital 

acquired infections depends on the services 

offered by the health care institute. 

Moreover, the increase rate of 

gastrointestinal tract infections in this study 

may denotes the source of 

Enterobacteriaceae to be feco-oral. 

 

The commonest isolated Enterobacteriaceae 

species were E. coli in 40.5%, Pseudomonas 

aeruginosa in 13.8% and Klebsiella species 

in 12.9%, 

 

The presence of suitable portal of enter any 

Gram-negative organism can cause HAIs, 

however, the most common organisms 

include Klebsiella species, Escherichia coli, 

and Pseudomonas aeruginosa [25].  

 

It worth noticing the high prevalence of 

ESBLs among isolated Enterobacteriaceae 

(37.9%).The production of ESBLs by 

enterobacteria is a well known resistance 

mechanism against β-lactams. The 

prevalence rates of ESBLs in 

Enterobacteriaceae vary according to the 

geographical region of the study from 9.1% 

up to 90% [26, 28-30]. Previous study 

carried in Egypt reported prevalence rate 

34.5% [31]. 

 

The ESBLs enzymes spread rapidly 

throughout the world and become the 

common resistance mechanism once 

established in a region [32, 33]. Poor hand 

hygiene and lack of food hygiene are 

common predisposing factors for the 

acquiring infection with this resistant 

bacteria in hospitals [34-37]. Other well 

known risk factors are improper antibiotic 

use, prolonged hospital stay, severe 

underlying illness, recent surgery and the 

use of invasive medical devices [38-43]. 

 

Among ESBL-positive strains, the 

prevalence of TEM-bla type (34.1%) type 

enzymes was higher than that of SHV- type 

(22.7%) type enzymes and CTX-M (12.5%). 

Other researchers also reported high 
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prevalence rates of the TEM-bla 92 % [44], 

82 % [41], 72% [45] and 70% [46].  

 

Usually most ESBLs evolved from gene 

mutations in classical ß-lactamases (TEM-1, 

TEM-2 and SHV-1), giving rise to ESBL 

various forms of the TEM and SHV types. 

Another family of ESBLs, CTX-M, has 

emerged over recent years, especially in E. 

coli. This family has become one of the 

most important families of ESBL enzymes 

in many countries [47-50]. However, 

apparently this is not the case in the present 

study. 

 

Twenty two (25%) isolates of 

Enterobacteriaceae strains had ESBLs other 

than TEM-bla, SHV and CTX-M derived 

enzymes; among these, Pseudomonas 

species Enterobacter and Citrobacter were 

particularly notable. This finding confirms 

the importance given to the emerging 

problem of non-TEM, non-SHV enzymes 

that are spreading worldwide [51-54]. 

Though many of these unusual enzymes 

have been detected only in small number of 

isolates (SFO-1, TLA-1, VEB-1, and BES-

1), and PER-type enzymes have been found 

in Turkey, France, Italy, and Argentina [55, 

56]. 

 

Table.1 List of primers and the detectable ESBL genes in each gene group 
 
 

Gene primer Amplicon detectable genes* 

SHV SHV-F: CGCCTGTGTATTATCTCCCT 
 

SHV-R: CGAGTAGTCCACCAGATCCT 

294 bp 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 

404 bp 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 

CTX-M CTX-M-F: CGCTGTTGTTAGGAAGTGTG 
 

CTX-M-R: GGCTGGGTGAAGTAAGTGAC 

754 bp 1, 3, 10-12, 15, 22-23, 28-30, 32, 34, 36, 42, 52, 54- 
55, 57-58, 60-62, 71-72, 79-80, 82, 88, 96, 101, 
 
108, 114, 117, 123, 132-133 

 

Table.2 Sites of hospital acquired infections 

 

 Frequency % 

Sepsis 44 18.9 

Wound Infections 96 41.4 

Pneumonia 24 10.3 

Gastrointestinal tract infections 62 26.7 

Urinary tract infections 6 2.6 

Total 232 100.0 
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Table.3 Enterobacteriaceae and non Enterobacteriaceae Gram negative bacilli isolates 
 

Enterobacteriaceae species Frequency % 

Achromobacter 16 6.9 

Aeromonas hydrophila  2 0.9 

bordetella bronchiseptica 2 0.9 

Citrobacter 10 4.3 

Enterobacter spp. 10 4.3 

E. coli 94 40.5 

Klebsiella spp. 30 12.9 

Morganella morganii 12 5.2 

Pseudomonas aeruginosa 32 13.8 

Plesiomonas shigelloides 4 1.7 

Proteus vulgaris 4 1.7 

Serratia fonticola 8 3.4 

Salmonella spp. 4 1.7 

Shigella spp. 4 1.7 

Total 232 100.0 
 

Table.4 Antibiotics resistance pattern for isolated Gram negative bacilli species 
 

Antibiotics No. % 

amikacin 41 35.3 

amoclav 50 43.1 

Ampicillin/sulbactam 66 56.9 

ampicillin 68 58.6 

aztreonam 8 6.9 

cefazolin 62 53.4 

cefepime 78 67.2 

cefotaxime 9 7.8 

cefox 57 49.1 

ceftazidime 61 52.6 

ceftriaxone 54 46.6 

cefur 68 58.6 

cephalothin 72 62.1 

ciprofloxacin 48 41.4 

gentamycin 48 41.4 

imipenem 43 37.1 

levofloxacin 55 47.4 

meropenem 30 25.9 

Piperacillin/tazobactam 55 47.4 

piperacillin 78 67.2 

tetracycline 74 63.8 

ticarcillin 16 13.8 

tobramycin 66 56.9 

trimethoprim 81 69.8 

Total 116 100 
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Table.5 ESBLs among Gram negative bacilli species 

 

 

Gram negative 

bacilli species  

Pheno

types 

 

No. 

TEM type 

 

 

No. (%) 

SHV type 

 

 

No. (%) 

CTX-M 

 

 

No. (%) 

mixed TEM 

and SHV 

genotypes 

No. (%) 

Negative for the 

studied genotypes 

of ESBLs 

No. (%) 

Acinetobacter 12 2(16.7%) 5(41.7%) 3(25%) 0(0%) 2(16.7%) 

Aeromonas 

hydrophila 

2 0(0%) 0(0%) 0(0%) 2(100%) 0(0%) 

bordetella 

bronchiseptica 

0 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 

Citrobacter 4 0(0%) 0(0%) 0(0%) 0(0%) 4(100%) 

Enterobacter 8 2(25%) 1(12.5%) 0(0%) 0(0%) 5(62.5%) 

E. coli 28 18 (64.3%) 6 (21.4%) 2(7.1%) 1(3.6%) 1(3.6%) 

K. pneumoniae 12 6 (50%) 2(16.7%) 2(16.7%) 0(0%) 2 (16.7%) 

Morganella 

morganii 

4 2(50%) 1(25%) 0(0%) 0(0%) 1 (25%) 

P. aeruginosa 12 0(0%) 1(8.3%) 2(16.7%) 2(16.7%) 7(58.3%) 

Serratia fonticola 4 0(0%) 4(100%) 0(0%) 0(0%) 0(0%) 

Salmonella spp. 2 0(0%) 0(0%) 2(100%) 0(0%) 0(0%) 

Total 88 30 (34.1%) 20(22.7%) 11(12.5%) 5(5.7%) 22(25%) 

 

Table.6 Susceptibility pattern of ESBLs Gram negative bacilli species (88) to carbapenem, 

ciprofloxacin and aminoglycosides 

 

Antibiotics Susceptibility 

No.           % 

Amikacin 44              50% 

Ciprofloxacin 21              23.9% 

Gentamycin 24              27.3% 

Imipenem 44              50% 

Levofloxacin 25               28.4% 

Meropenem 44               50% 

Tobramycin 40               45.5% 

Trimethoprim  18               20.5% 

Piperacillin/tazobactam 8                  9.1% 

 

 

Increase prevalence of hospital outbreaks 

due to ESBL-producing Enterobacteriaceae 

have been observed over the last few years 

[26, 28], The responsible strains are usually 

also have resistance to multiple antibiotics, 

including but not limited to ciprofloxacin, 

gentamycin, and aminoglycosides [5,57]. 

 

 

The present study confirms the presence of 

multiple antibiotics resistance to non- 

betalactams, showing a marked resistance to 

ciprofloxacin among ESBLs producing 

strains. This may be explained by the 

location of ESBL genes on integrons 

containing promoters for the coordinated 
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expression of multiple resistance gene 

cassettes [58].  

 

In our study, 50% of ESBL producing 

Enterobacteriaceae maintained 

susceptibility to imipenem. On the whole, 

resistance to aminoglycosides did not appear 

to be associated with the type of produced 

enzyme(s). Our data indicate that a valuable 

option for treatment is represented by 

amikacin, a bactericidal drug effective 

against 50% of strains.  

 

However, lactam–betalactamase inhibitor 

combinations remained quite inactive 

against most isolates. The reduced activity 

of the combination against E. coli in 

hospitalized patients has already been 

reported [59].  

 

The present study on Enterobacteriaceae 

assesses, for the first time, the breadth of the 

ESBL problem in Egypt by using classical 

bacteriological methods and molecular 

techniques for extended types of antibiotics 

in use. The finding of ESBLs resistance 

phenotypes and genotypes supports the 

hypothesis that clinical microbiology 

laboratory plays an important role in 

eradicating infections caused by ESBLs 

producing Enterobacteriaceae. So, it is clear 

from the results of our study that the use of 

amikacin alone or in combination with 

imipenem is effective in HAIs due to ESBLs 

producing Enterobacteriaceae.  
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