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Elevated infection incidence related to multidrug resistant (MDR) bacteria become a primary clinical 
importance. Thus, there is a need to isolate and identify MDR bacteria types and their antibiotics 
resistance mechanisms.Molecular identification of MDR bacterial isolates from Egyptian hospital’s 
environment and to determine their antibiotic resistance genes (ARGs).MDR bacterial isolates were 
identified using antibiotic susceptibility test and 16s rRNA sequencing. ARGs were detected using 
multiplex PCR.The most effective antibiotic was imipenem and the most resistant one was 
oxacillin.Identified MDR bacteria were Escherichia coli (31%), Pseudomonas aeruginosa (21.4%), 
Staphylococcus aureus (16.7%), Klebsiella pneumonia (14.3%), Enterococcus faecalis (9.5%) and Proteus 
vulgaris (7.1%). The identification was confirmed by 16s RNA and Zero e-values were obtained for all 
queries which indicated that all alignments were significant with high query coverage values (99-100%) 
and high identities percent (98-99%). Among tested ARGs, mecA was found in E. faecalis and S. aureus. 
vanA was detected in E. faecalis. KPC was detected in S. aureus, E. coli, P. aeruginosa and K. pneumonia. 
NDM-1 was detected in P. aeruginosa and OXA-48 was detected in all tested isolates except E. faecalis. 
qnrA was detected in S. aureus and K. pneumonia. Finally, qnrB was detected in P. vulgaris, E. faecalis, E. 
coli, and P. aeruginosa. Hospital environments are considered MDR bacteria hot spots and this suggests 
that considerable precaution should be taken at all stages of the health care system to minimize MDR 
bacteria transmission among patients and medical staff.  
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INTRODUCTION 

In hospitalized patients, nosocomial infections 
or hospital-acquired infections affect the clinical 
outcomes and represent a serious concern 
worldwide (Wang et al. 2019). Both antibiotics 
overuse and misuse has led to the evolution of 
multidrug-resistant (MDR) bacteria, which now are 

considered as nosocomial infections major cause 
(Antony and Parija, 2016). In the public health, this 
antimicrobial resistance represents one of the most 
important global challenges. By the year 2050, it 
has been estimated that deaths related to 
infectious diseases-related complications will 
increase to about 10 million/year (Fuentes et al. 
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2019). Thus, it is crucial for effective treatment to 
understand the distribution, prevalence and clinical 
characteristics of nosocomial infections caused by 
MDR bacteria (Wang et al.2019).  

Although MDR Gram-negative or positive 
bacteria are commonly defined as ‘resistant to 3 or 
more antimicrobial categories’(Magiorakos et al. 
2012), more accurate MDR definition has been 
proposed as ‘non-susceptibility (non-susceptible, 
intermediate or resistant) to at least 1 agent in 3 or 
more antimicrobial classes (Wang et al., 2019). 
Several pathogenic bacteria that contributed 
significantly to global burden of infectious disease 
have presently developed MDR including 
Klebsiella pneumoniae, Staphylococcus aureus, 
Streptococcus pneumonia and pyogenes, 
Escherichia coli, Pseudomonas aeruginosa, 
Salmonella, Acinetobacter and Mycobacterium 
tuberculosis (Fair and Tor, 2014). The frontier 
concern is that after drug development, bacteria 
take a very short period to develop resistance to it 
as a result of bacterial short generation time, 
response to environmental stimuli and resistance 
genes horizontal sharing between bacterial 
species (Mthembu et al., 2019). Thus, molecular 
identification of antibiotic resistance genes in 
bacterial pathogens by molecular methods is very 
important (Mthembu et al., 2019).  

In clinical laboratories, multiplex polymerase 
chain reaction (PCR) for timely and accurate 
detection of resistance markers of MDR organism 
will help the clinicians in making early antibiotic 
adjustments. To give the result, it takes only about 
six hours compared to at least two days for 
antibiotic sensitivity test for result completion 
(Rathore et al., 2018). Also, 16S ribosomal RNA 
gene would be created to reflect bacterial diversity 
and it remains the primary reference for bacterial 
classification (Ntushelo, 2013). The current study 
aimed to determine the prevalence of MDR 
bacteria of isolates from Egyptian hospitals 
environments and its antimicrobial susceptibility 
profiles. Also, we aimed to identify the most 
resistant isolates using 16s rRNA and to detect 
resistance determinants or genes of the isolated 
bacteria species using multiplex PCR. 
  
MATERIALS AND METHODS 

Collection of clinical isolates 
During the period of January-August/2016, 

clinical bacterial isolates (n =100) were derived 
from environments (air, water, floor, walls and 
equipment's) of Zagazig university hospitals, 
Zagazig, Egypt and from different medical patient’s 

specimens. Informed consent was obtained from 
all individual participants included in the study. 
According to Murray et al. (Murray and Baron, 
2007), the collected isolates were quickly 
transported under aseptic conditions to 
Microbiology Laboratory, Faculty of science, 
Zagazig University. Bacterial strains were streaked 
on ordinary nutrient agar medium and cultured at 
37°C for several consecutive times until pure single 
colonies were obtained. Bacteria are classified on 
the basis of colony morphology, Gram staining, 
hemolysis on blood agar, biochemical reactions, 
and organism’s enzyme activities. 

Antibiotic susceptibility test  
Using disk diffusion assays (Bauer et al., 1966) 

according to Clinical and Laboratory Standards 
Institute guidelines (Clinical and Laboratory 
Standards Institute, 2019), sensitivity of bacterial 
strains was determined for the following 14 
antibiotics and antibiotic combinations (Oxoid Ltd., 
UK): imipenem, amikacin, ofloxacin, ciprofloxacin, 
nitrofurantoin, vancomycin, ceftriaxone, 
azithromycin, amoxicillin/clavulanic acid, cefaclor, 
amoxycillin, oxacillin, 
sulphamethoxazole/trimethoprim, and cephalothin.  
MDR was defined as an acquired non-susceptibility 
to at least one agent in three or more antimicrobial 
categories (Magiorakos et al., 2012). 

DNA extraction, amplification, and 16S rRNA 
sequencing  

DNA extraction was performed using 
GenElute™ bacterial genomic DNA kit (Sigma, 
USA) following the manufacturer’s instructions. 
The 16S rRNA genes of the extracted DNA from 
each isolate were amplified with the universal 
primers namely 8F (5'-
AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-
CGGTTACCTTGTTACGACTT-3'), which has 
bacterial 16S rRNA gene conserved regions. 
Amplification was carried out in 25μL reaction 
volumes (adjusted to 25μL with sterile ultrapure 
water) containing the following: 2.5μL 10X PCR 
reaction buffer (100mM Tris-HCl, pH 8.3, 500mM 
KCl), 1.5μL 25mM MgCl2 solution, 4.0μL 1.25mM, 
dNTPs, 0.5μL of 8F primer (200 ng/μL), 0.5μL of 
1492R primer (200 ng/μL), 0.1μL AmpliTaq Gold 
DNA polymerase, and 1μL of DNA as template. 
PCR thermal cycling involved initial denaturation 
(94°C/3 minutes), 30 denaturation cycles (94○C/1 
minute), annealing (57○C/1 minute), extension 
(72○C/2 minutes), and a final extension (72○C/8 
minutes). To prevent false positive (reagents 
contamination) result, double distilled water was 
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used as negative control. At low constant voltage 
(10 V/cm), amplified products were separated in 
1.0 % agarose gels in 1X Tris, Borate and EDTA 
buffer for 30 minutes. Separated fragments were 
extracted from the gel using Qiagen Gel purification 
kit and sequenced used 3130X DNA Sequencer 
(Genetic Analyzer, Applied Biosystems). For each 
isolate, the resulting sequences were compared to 
published sequences in Gen Bank using the Basic 
Local Alignment Search Tool (BLAST), 
http://blast.ncbi.nlm.nih.gov/Blast.cgi. 

Multiplex PCR for antibiotic resistance genes  
Using multiplex PCR, antibiotic resistance 

genes including mecA, vanA, vanB, KPC, NDM-1, 
OXA-48, qnrA and qnrB were detected in the most 
resistant isolates. The sequence and amplicon size 

of the oligonucleotide primers chosen for 
amplification of the selected genes are shown in 
Table 1. The PCR reaction mixture contained 
0.5μL DNA (50 ng) in 24.5μL Multiplex PCR Master 
Mix (QIAGEN®, Germany), 5 μL 10x primer mix, 
and 2 μM of each primer (Midland Certified 
Reagent Company Inc, USA). Each PCR program 
started with an initial heat-activation step at 95 °C 
for 15 min to activate HotStarTaq DNA 
Polymerase, then thermal cycling. At low constant 
voltage (70 V), amplified products (10μL of each 
mixed with 5μL of loading dye) were separated in 
1.5% agarose gels in 1X Tris, acetate and EDTA 
buffer for 1 hour. The PCR DNA ladder was also 
applied. The gel was then placed in ethidium 
bromide for at least 30 minutes. The developed 
gels were then photographed and analyzed. 

 
Table 1: Primers of resistance genes for PCR amplification 

Group Reference 
Target 
gene 

Primer sequence (5Ꞌ-3Ꞌ) 
Product 
size (bp) 

Methicillin resistance genes 
(Rengaraj et 

al., 2016) 
mecA 

F= ATCGATGGTAAAGGTTGGC 
R= AGTTCTGCAGTACCGGATTTGC 

530bp 

Glycopeptide resistance genes 
(Rengaraj et 

al., 2016) 

vanA 
F= GCTATTCAGCTGTACTC 

R= CAGCGGCCATCATACGG 
783bp 

vanB 
F=CATCGCCGTCCCCGAATTTCAA 
R= GATGCGGAAGATACCGTCGCT 

297bp 

Serine β-lactamases class A (Poirel 
et al., 2011) 

(Poirel et al., 
2011) 

KPC 
F= CGTCTAGTTCTGCTGTCTTG 
R= CTTGTCATCCTTGTTAGGCG 

798bp 

Serine β-lactamases class D 
(Poirel et al., 

2011) 
OXA-48 

F= GCGTGGTTAAGGATGAACAC 
R= CATCAAGTTCAACCCAACCG 

483bp 

Metallo β-lactamases class B 
(Poirel et al., 

2011) 
NDM-1 

F= GGTTTGGCGATCTGGTTTTC 
R= CGGAATGGCTCATCACGATC 

621bp 

Plasmid-mediated quinolone 
resistance (PMQR) genes 

(Robicsek et 
al., 2006) 

qnrA 
F= ATTTCTCACGCCAGGATTTG 
R= GATCGGCAAAGGTTAGGTCA 

516bp 

(Robicsek et 
al., 2006) 

qnrB 
F= GATCGTGAAAGCCAGAAAGG 
R= ACGATGCCTGGTAGTTGTCC 

469bp 

RESULTS  

Distribution of collected isolates 
From all bacterial isolates (n=100), 61 were 

gram negative and 39 were gram positive bacteria. 
The Gram negative bacterial isolates were isolated 
from urine samples of patients with urinary tract 
infections 29/61 (47.5%), pus of wound infections 
9/61 (14.8%), sputum of respiratory tract infections 
6/61 (9.8%), blood of blood infections 5/61 (8.2%) 
and hospital environments 12/61 (19.7%). The 
Gram positive bacterial isolates were isolated from 
urine samples of patients with urinary tract 
infections 5/39 (12.8%), pus of wound infections 
17/39 (43.6%), sputum of respiratory tract 
infections 10/39 (25.6%), blood of blood infections 
3/39 (7.7%) and hospital environments 4/39 
(10.3%).  

Antibiotic susceptibility patterns 
As shown in Table 2, most of the bacterial 

isolates were highly susceptible (89%) to 
imipenem. Thus, it represents the most effective 
antibiotic. This was followed by amikacin, ofloxacin, 
ciprofloxacin, and nitrofurantoin with 
susceptibilities of 76, 67, 60 and 48%, respectively. 
On contrast, most of bacterial isolates (86%) were 
resistant to oxacillin followed by amoxycillin (75%), 
cephalothin (74%), and 
sulphamethoxazole/trimethoprim (69%). MDR 
bacterial isolates (42/100, 42%) were observed to 
be resistant against most groups (>60%) of 
antibiotics. 

Identification of the multi-drug resistant 
isolates 

To identify MDR bacteria, morphological, 
physiological, and biochemical analysis were 

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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conducted (Table 3).   
Table 2: Comparative susceptibility of bacterial isolates against different antibiotics 

Antibiotic Symbol 
Conc. 
μg/disc 

Resistant Intermediate Susceptible 

No. % No. % No. % 

Imipenem IPM 10 8 8 3 3 89 89 

Amikacin AK 30 14 14 10 10 76 76 

Ofloxacin OFX 5 32 32 1 1 67 67 

Ciprofloxacin CIP 5 32 32 8 8 60 60 

Nitrofurantoin F 300 44 44 8 8 48 48 

Vancomycin VA 30 53 53 4 4 43 43 

Ceftriaxone CRO 30 45 45 16 16 39 39 

Azithromycin AZM 15 62 62 2 2 36 36 

Amoxicillin/clavulanic acid AMC 30-20/10 62 62 9 9 29 29 

Cefaclor CEC 30 50 50 33 33 17 17 

Amoxycillin AX 25 75 75 11 11 14 14 

Oxacillin OX 1 86 86 5 5 9 9 

Sulphamethoxazole/trimethoprim SXT 23.8/1.25 69 69 24 24 7 7 

Cephalothin CL 30 74 74 21 21 5 5 

 
Table 3: Biochemical tests and morphological characters of MDR isolates 

Test Results 

Gram's stain - ve - ve - ve - ve + ve + ve 

Shape of cell Bacilli Bacilli Bacilli Bacilli Cocci Cocci 

Arrangement Short rods Short rods Short rods Rods 
Irregular  
clusters 

Diplococci 

Colonies 
characters 

Smooth, convex, 
moist, translucent, 
gray with a shiny 

surface, entire edge 
and Pink colonies 

on MacConkey agar 

Elevated and 
mucoid 

appearance, 
pink colonies 

on MacConkey 
agar 

Swarm with 
Periodic 
cycles of 

migration 
producing 
concentric 
zones, or 
spread in 

a uniform film 

large, smooth, with 
flat edges, elevated 
center and produce 

blue green pigment on 
nutrient agar 

Raised,  
smooth,  

glistening, 
 translucent,  
with entire 
 margins. 

 Pigmentation 
 varies from 

 gray to yellow 
 to orange. 

Pinpoint 
to small, 
smooth 

and entire 
edge 

Motility + ve - ve + ve + ve - ve - ve 

Catalase + ve + ve + ve + ve + ve - ve 

Oxidase - ve - ve - ve + ve - ve - ve 

Coagulase - ve - ve - ve - ve + ve - ve 

Indole + ve - ve + ve - ve - ve - ve 

Citrate - ve + ve - ve + ve - ve + ve 

MR + ve - ve + ve + ve + ve + ve 

VP - ve + ve - ve - ve + ve + ve 

H2S 
production 

- ve - ve + ve - ve - ve - ve 

Urease - ve + ve + ve + ve + ve + ve 

Nitrate 
reduction 

+ ve + ve + ve + ve + ve + ve 

Blood 
hemolysis 

γ-hemolysis γ-hemolysis α–hemolysis β-hemolysis β-hemolysis γ–hemolysis 

Gelatin 
liquification 

- ve - ve + ve + ve - ve - ve 

Tellurite 
reduction 

- ve - ve + ve - ve + ve + ve 

Blue green 
pigment 

- ve - ve - ve + ve - ve - ve 

Sugars Fermentation 

D-Glucose + ve + ve + ve + ve + ve + ve 

Sucrose + ve + ve + ve - ve + ve + ve 

Lactose + ve + ve - ve - ve + ve + ve 

D-Xylose + ve + ve + ve - ve - ve - ve 

D- sorbitol + ve + ve - ve - ve - ve - ve 

D-Mannitol + ve + ve - ve + ve + ve + ve 

Identification E. coli K. pneumoniae P. vulgaris P. aeruginosa S. aureus E. faecalis 

MR =Methyl red test; VP = Voges-Proskauer reaction; - ve = Negative; + ve = Positive. 
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Table 4:Blast results for 16S rRNA sequences from MDR isolates 

 
Accession number Reference number Description Querycoverage % E-value Identity % 

KY421542 AFA28 S. aureus 100 0.0 99 

KY421543 AFA31 E. coli 99 0.0 99 

KY421544 AFA46 P. aeruginosa 100 0.0 99 

KY421545 AFA65 K. pneumonia 100 0.0 99 

MH429784 AFA13 P. vulgaris 100 0.0 98 

MH429785 AFA22 E. faecalis 99 0.0 98 

 
Table 5: Detection of antibiotic resistance genes using multiplex PCR 

 

Bacteria Resistance gens 

mecA vanA vanB KPC NDM-1 OXA-48 qnrA qnrB 

P. vulgaris -ve -ve -ve -ve -ve +ve -ve +ve 

E. faecalis +ve +ve -ve -ve -ve -ve -ve +ve 

S. aureus +ve -ve -ve +ve -ve +ve +ve -ve 

E. coli -ve -ve -ve +ve -ve +ve -ve +ve 

P. aeruginosa  -ve -ve -ve +ve +ve +ve -ve +ve 

K. pneumoniae  -ve -ve -ve +ve -ve +ve +ve -ve 

+ve= positive, -ve= negative 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Gel electrophoresis of PCR amplicons of (A) mecA, (B) vanA, (C) vanB and (D) KPC 
genes. Lane M: Molecular marker, lane +ve: Positive control, lane -ve: Negative control, lanes 13, 
22, 28, 31, 46 and 65: the tested isolates of Proteus vulgaris, Enterococcus faecalis, S. aureus, E. 
coli, P. aeruginosa and K. pneumoniae, respectively. 
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Figure 2. Gel electrophoresis of PCR amplicons of (A) NDM-1, (B) OXA-48, (C) qnrA and (D) qnrB 
genes. Lane M: Molecular marker, lane +ve: Positive control, lane -ve: Negative control, lanes 13, 

22, 28, 31, 46 and 65: the tested isolates Proteus vulgaris, Enterococcus faecalis, S. aureus, E. 
coli, P. aeruginosa and K. pneumonia, respectively. 

 
According to identification protocols, MDR 

bacterial isolates were divided into Escherichia coli 
(13/42, 31%), Pseudomonas aeruginosa (9/42, 
21.4%), Staphylococcus aureus (7/42, 16.7%), 
Klebsiella pneumonia (6/42, 14.3%), Enterococcus 

faecalis (4/42, 9.5%) and Proteus vulgaris (3/42, 
7.1%). 

Identification of the most resistant bacterial 
isolates using 16S rRNA 

Bacteria identification was confirmed using 
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16S rRNA gene sequencing. Sequences of 
Staphylococcus aureus, Escherichia coli, 
Pseudomonas aeruginosa, Klebsiella pneumonia, 
P. vulgaris, and E. faecalis were submitted to 
GenBank at the NCBI website 
(www.ncbi.nlm.nih.gov) as accession numbers 
KY421542, KY421543, KY421544, KY421545, 
MH429784, and MH429785, respectively. 

The BLAST program 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?) and 
phylogenetic analysis using the Clustal W muscle 
algorithm program were used to assess the DNA 
similarities of the obtained 16S rRNA gene 
sequence (Table 4). 

Detection of antibiotic resistance genes using 
multiplex PCR 

Using multiplex PCR technique, antibiotic 
resistance genes (mecA, vanA, vanB, KPC, NDM-
1, OXA-48, qnrA, and qnrB) were detected in the 
most resistant isolates by amplifying the respective 
genes. Findings are shown in Table 5 and Figures 
1 and 2.   
 
DISCUSSION 

In clinical practice worldwide, infectious 
diseases related to antibiotic resistance 
development and spread is a major threat to 
human health.  In any country, antibiotic resistance 
can affect anyone, of any age (Khalifa et al., 2019). 
In developing countries including Egypt, there are 
limited data regarding the distribution of different 
MDR bacteria categories, especially gram-
negative bacteria, and their antimicrobial 
resistance gene determinants (Khalifa et al., 2019). 
Thus, there is a need to select and identify MDR 
bacteria to identify their types and their antibiotics 
resistance mechanisms (Abdel-Shafi, 2013). 

In this study from one hundred clinical bacterial 
isolates derived from Egyptian hospital’s 
environments and patients, there were 61% gram-
negative and 39% gram-positive bacteria. On dry 
hospital surfaces, many microbiological studies 
reported that certain hospital pathogens can 
survive for extended periods (Otter et al., 2013). On 
dry inanimate surfaces, both gram-negative and -
positive bacteria can survive up to months with 
longer persistence under humid condition and 
lower temperature (Kramer et al., 2006). As 
obtained in our results, predominance of gram-
negative organisms may be commonly found in 
hospital’s environment in Egypt (See et al., 2013) 
and other countries worldwide (Vincent et al., 2009; 
Doyle et al., 2011). 

Here, isolates antibiotic resistance patterns 

were assessed and traditional antimicrobial 
susceptibility test revealed that the most effective 
antibiotic was imipenem followed by amikacin, 
ofloxacin, ciprofloxacin, and nitrofurantoin, 
respectively. Imipenem was previously reported to 
be the most effective and similar effectiveness of 
these antibiotics categories were also reported 
(Bahgat, 2015; Reddy, 2016). Overall MDR rate in 
this study was 42%. This result is consistent with 
results reported in other Egyptian related studies 
(Bahgat, 2015), but relatively lower than other 
reports in Egypt (Khalifa et al., 2019) and other 
African countries (Godebo et al., 2013; Dramowski 
et al., 2015; Feleke et al., 2018). These variations 
may be due to environmental, host and microbial 
factors and also due to different sample sources 
(Dusé, 2005). In this study, MDR bacterial isolates 
were Escherichia coli (31%) followed by 
Pseudomonas aeruginosa (21.4%), 
Staphylococcus aureus (16.7%), Klebsiella 
pneumonia (14.3%), Enterococcus faecalis (9.5%) 
and Proteus vulgaris (7.1%). In hospitals, MDR E. 
coli are widely distributed and are increasingly 
being isolated from community (Ibrahim et al., 
2012). Also, several reports reported significant 
increase in MDR P. aeruginosa isolates especially 
in intensive care units (Hirsch and Tam, 2010). In 
the hospital setting, S. aureus related to high 
bloodstream infections percent (20%) and its 
treatment is often challenging due to the 
emergence of MDR strains (Kadariya et al., 2019). 
Also, K. pneumonia is one of the leading MDR 
gram-negative isolates (Moini et al., 2015; Feleke 
et al., 2018). Studies have suggested that 
enterococci strains serve as reservoir for antibiotic 
resistance genes which can be transferred among 
enterococci or acquired by other bacteria (Adesida 
et al., 2017). Earlier studies found that P. vulgaris 
was resistant against most common used 
antibiotics (Mandal, 2015). Similar distribution of 
MDR bacteria spices obtained in this study was 
reported in different previous studies (Tantry and 
Rahiman, 2012).  

Highly suitable 16S rRNA sequencing is a 
universal phylogenetic marker and it is useful 
bacterial classification method. In which for 
bacterial identification of the target samples, the 
nucleotide sequences target region are determined 
and compared with sequences available from 
databases to yield homology matches (Alsanie, 
2018). In the current study, identification of MDR 
isolates was confirmed by 16S rRNA gene 
sequencing and Zero e-values were obtained for all 
6 queries (E. coli, P. aeruginosa, S. aureus, K. 
pneumonia, E. faecalis and P. vulgaris) which 
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indicated that all alignments were significant. Also, 
high query coverage values (99-100%) and high 
percent identities (98-99%) were observed. 

These types of antimicrobial resistance 
associated with genetic mutation and intra- or inter-
species transfer of resistance gene (Munita and 
Arias, 2016). Thus, molecular identification of these 
resistance genes by molecular methods is very 
important (Mthembu et al., 2019). Application of 
multiplex PCR was reported as a useful tool to 
identify genes of resistance with high sensitivity 
and high throughput and rapid results (Rathore et 
al., 2018). In the current study, antibiotic resistance 
genes detected in E. coli were KPC, OXA-48 and 
qnrB, in P. vulgaris were OXA-48 and qnrB, in E. 
faecalis were mecA, vanA and qnrB, in S. aureus 
were mecA, KPC, OXA-48 and qnrA, in P. 
aeruginosa were KPC, NDM-1, OXA-48 and qnrB 
and in K. pneumonia were KPC, OXA-48 and qnrA. 
During last decades, the pandemics caused by 
these genes-producing Enterobacteriaceae 
highlighted the desperate need for global 
surveillance systems of antimicrobial resistance. In 
resource-limited countries, these surveillance 
systems would help to assess antimicrobial 
resistance scope. Also, studies combining 
surveillance with molecular identification would 
help to detect emerging or novel resistance 
mechanisms in travelers returning from endemicity 
areas and help to curb antibiotic resistance 
worldwide spread (Lascols et al., 2013).. 

CONCLUSION 
Taken together, this study demonstrated the 

presence of important clinical bacterial strains in 
raw Egyptian hospital. High proportion of these 
strains showed antibiotic resistance. Some 
antimicrobial resistance genes were detected in 
these MDR bacteria that are known to confer 
resistance to antibiotics lines that are preferred for 
the treatment of Gram-positive and -negative 
infections. Thus, hospital environments are 
considered “hot spots” of antibiotic resistant 
bacteria and this suggests that considerable 
precaution should be taken at all stages of the 
health care system to minimize MDR bacteria 
transmission among patients and medical staff in 
both in- and out-patient settings in hospitals and 
community. 
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