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Carbapenem-resistant Gram-negative bacilli resulting from 𝛽-lactamases have been reported to be an important cause of
nosocomial infections and are a critical therapeutic problem worldwide.This study aimed to describe the prevalence of imipenem-
resistant Gram-negative bacilli isolates and detection of 𝑏𝑙𝑎VIM, 𝑏𝑙𝑎TEM, 𝑏𝑙𝑎SHV, 𝑏𝑙𝑎CTX-M-1, and 𝑏𝑙𝑎CTX-M-9 genes in these clinical
isolates in Egyptian hospitals. The isolates were collected from various clinical samples, identified by conventional methods and
confirmed by API 20E. Antibiotic susceptibility testing was determined by Kirby-Bauer technique and interpreted according to
CLSI. Production of 𝑏𝑙𝑎VIM, 𝑏𝑙𝑎TEM, 𝑏𝑙𝑎SHV, and 𝑏𝑙𝑎CTX-M genes was done by polymerase chain reaction (PCR). Direct sequencing
from PCR products was subsequently carried out to identify and confirm these 𝛽-lactamases genes. Out of 65 isolates, (46.1%)
Escherichia coli, (26.2%) Klebsiella pneumoniae, and (10.7%) Pseudomonas aeruginosa were identified as the commonest Gram-
negative bacilli. 33(50.8%) were imipenem-resistant isolates. 22 isolates (66.7%) carried 𝑏𝑙𝑎VIM, 24(72.7%) had 𝑏𝑙𝑎TEM, and 5(15%)
showed 𝑏𝑙𝑎SHV, while 12(36%), 6(18.2%), and 0(0.00%) harbored 𝑏𝑙𝑎CTX-M-1, 𝑏𝑙𝑎CTX-M-9, and 𝑏𝑙𝑎CTX-M-8/25, respectively. There is a
high occurrence of 𝛽-lactamase genes in clinical isolates and sequence analysis of amplified genes showed differences between
multiple SNPs (single nucleotide polymorphism) sites in the same gene among local isolates in relation to published sequences.

1. Introduction

Gram-negative bacilli are a heterogeneous group of Gram-
negative bacteria that are common commensals, infectious
agents and also sometimes referred to as “nightmare bacteria”
[1]. Hospital acquired infections due to Gram-negative bacilli
are a leading cause of morbidity andmortality worldwide [2].

Carbapenem, a member of the 𝛽-lactam family, has a
broad spectrum of activity and is stable tomost 𝛽-lactamases.
These properties make carbapenem an important therapeu-
tic option for treating serious infections involving resis-
tant strains of Enterobacteriaceae, anaerobes, Pseudomonas
aeruginosa, and Acinetobacter spp. [3], although carbapen-
ems, including imipenem and meropenem, are often used
as “antibiotics of last resort” when patients with infections

become severely ill or are suspected of harboring resistant
bacteria [4]. However, carbapenem-resistant Gram-negative
bacilli isolates were increasingly reported worldwide [5].

This resistance may be attributed to presence of metallo-
𝛽-lactamase in bacteria such as IMP (Imipenemase), VIM
(Verona-Integron metallo-𝛽-lactamase) [6], and extended
spectrum 𝛽-lactamases (ESBLs) such as SHV, TEM, and
CTX-M [7].

For establishment of appropriate antimicrobial therapy
and control of the spread of drug resistant Gram-negative
bacilli, the PCR-based detection methods of resistant genes
show the bioinformatics analysis of their molecular diversity
and evolution becoming increasingly important [8].

This work aimed to study distribution of imipenem-
resistant Gram-negative isolates and shed focused light on
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Table 1: Primer name, primer sequences, and expected amplicon size of amplified DNA products.

PCR name 𝛽-lactamase targeted Primer name Sequence (5-3) Amplicon size (bp)

VIM VIM variants including VIM-1 and
VIM-2

VIM-for GATGGTGTTTGGTCGCATA 390
VIM-rev CGAATGCGCAGCACCAG

TEM TEM variants including TEM-1 and
TEM-2

TSO-T-for CATTTCCGTGTCGCCCTTATTC 800
TSO-T-rev CGTTCATCCATAGTTGCCTGAC

SHV SHV variants including SHV-1 TSO-S-for AGCCGCTTGAGCAAATTAAAC 713
TSO-S-rev ATCCCGCAGATAAATCACCAC

CTX-M
group 1

Variants of CTX-M group 1 including
CTX-M-1, CTX-M-3, and CTX-M-15

CTXMGp 1-for TTAGGAARTGTGCCGCTGYAb
688

CTXMGp 1.2 rev CGATATCGTTGGTGGTRCCATb

CTX-M
group 9

Variants of CTX-M-9 including
CTX-M-9 and CTX-M-14

CTX-9-F TCAAGCCTGCCGATCTGGT 561
CTX-9-R TGATTCTCGCCGCTGAAG

CTX-M
group 8/25

CTX-M-8, CTX-M-25, CTX-M-26, and
CTX-M-39 to CTX-M-41

CTX-8/25-F AACRCRCAGACGCTCTACb
326

CTX-8/25-R TCGAGCCGGAASGTGTYATb

bY = T or C; R = A or G; S = G or C.

some genes encoding beta-lactamase enzymes responsible for
such resistance in Zagazig University Hospitals in Egypt.

2. Material and Methods

2.1. Bacterial Isolates. Clinical isolates of Gram-negative
bacilli including Escherichia coli (𝑛 = 30), Klebsiella pneu-
moniae (𝑛 = 17), Pseudomonas aeruginosa (𝑛 = 7), Proteus
mirabilis (𝑛 = 2), Citrobacter freundii (𝑛 = 1), Acinetobacter
baumanii (𝑛 = 3), and Enterobacter cloacae (𝑛 = 4) were
collected fromblood, urine, pus, and sputum specimens from
hospitalized patients in ZagazigUniversityHospitals in Egypt
from January 2013 toMarch 2014.These clinical samples were
processed by plating on blood agar and MacConkey agar
[9]. A growth temperature of 44∘C was used sometimes to
confirm the identity of these isolates and the identified strains
were stored in glycerol (20% V/V) at 70∘C and subcultured
several times to be viable. All isolates were identified by
standard biochemical tests [10] and confirmed by API 20E
(BioMérieux, Marcy l’Étoile, France).

2.2. Antibiotic Susceptibility Testing. The susceptibility testing
of studied isolates was performed by disc diffusion method
(modified Kirby-Bauer method) using Muller-Hinton agar
(Becton Dickinson, MA, USA) and interpreted according
to the Clinical Laboratory Standard Institute (CLSI) guide-
lines [11]. The antibiotic disks used imipenem (IPM, 10 𝜇g),
amikacin (AK, 30 𝜇g), ciprofloxacin (CIP, 5 𝜇g), piperacillin
(PRL, 100 𝜇g), cefoperazone/sulbactam (CES, 10 + 5 𝜇g),
cefoxitin (FOX, 30 𝜇g), and cefotaxime (CTX, 30𝜇g) which
were placed 15mm away from the central disc and the plates
were incubated for about 18–24 hrs at 37∘C.

2.3. Molecular Detection of 𝛽-Lactamase Genes by PCR. For
detection of 𝛽-lactamase genes responsible for imipenem-
resistance, rapid genomic DNA was prepared from about
five colonies heated in 100mL distilled water (95∘C for
10min) followed by a centrifugation step of cell suspension at

12.000 rpm for 5min; then supernatant was taken as a source
of template DNA. PCR amplification was carried out by using
DNA thermal cycler (Biometra, Singapore) using a specific
primer for 𝑏𝑙𝑎VIM, 𝑏𝑙𝑎TEM, 𝑏𝑙𝑎SHV, 𝑏𝑙𝑎CTX-M-1, 𝑏𝑙𝑎CTX-M-9,
and 𝑏𝑙𝑎CTX-M-8/25 (Table 1), in a 50𝜇L volume containing 10x
PCR buffer, 2mM deoxynucleoside triphosphates, 3.4 pmol
of each primer, 2.5mM MgCl

2
, 1 U Taq DNA polymerase,

and 1 𝜇L of genomic DNA [12]. Amplification was carried
out as follows: initial denaturation at 94∘C for 10 minutes,
followed by 40 cycles of DNA denaturation at 94∘C for
40 seconds, primer annealing at 60∘C for 40 seconds and
primer extension at 72∘C for 1 minute, and a final elongation
step at 72∘C for 7 minutes. The annealing temperature was
optimal at 55∘C instead of 60∘C for amplification of 𝑏𝑙𝑎VIM.
Amplicons were then visualized after running in 2% agarose
gel at 100V for 30mins. A 50–1000 bpDNA ladder (USA)was
used as a size marker. Finally, PCR products were purified
with innuPREP PCRpure kit (Analytik Jena, Germany) and
subjected to direct sequencing via GATC Company by use of
ABI 3730xl DNA sequencer.

2.4. Bioinformatics and Sequences Analysis. The obtained
chromatogram sequencing files were inspected and corrected
using the software application Chromas 2.3 (Technelysium,
Helensvale, Australia) and JalView (2.8).

The sequences obtained from our samples were aligned
with GenBank sequences. The phylogenetic tree for each
sequence was obtained by performing neighbor-joining anal-
ysis of the alignment of sequences with reference strains
(accession numbers/country of origin) that were retrieved
from GenBank. The studied strains were marked by the sign
[◼]. Meanwhile, the reference sequences were marked by the
sign [].

The BLAST and FASTA programs of the National Center
for Biotechnology Information (http://blast.ncbi.nlm.nih
.gov/Blast.cgi) were used to search databases for similar
nucleotide sequences [13]. Multiple sequence alignments of
the nucleic acidwere carried out using theClustalWprogram.
The statistical analysis was performed using SPSS version



International Journal of Microbiology 3

47.7

61.5
53.8

23.1
32.3

18.4

01.5 1.5 4.6 9.2 6.1
0 0

50.8
44.6 41.5

67.7
61.5

81.5

100

Susceptible
Intermediate
Resistant

0
10
20
30
40
50
60
70
80
90

100

(%
)

Im
ip

en
em

A
m

ik
ac

in

Ci
pr

ofl
ox

ac
in

Pi
pe

ra
ci

lli
n

C
ef

ox
iti

n

C
ef

ot
ax

im
e

C
ef

op
er

az
on

e
(s

ul
ba

ct
am

)

Figure 1: Antimicrobial susceptibility patterns of all 65 Gram-
negative bacilli isolates.

20.0,𝜒2 = chi-square test, and𝑃 values< 0.05were considered
significant.

3. Results

3.1. Isolation and Identification. The present study was con-
ducted on 65 screened isolates of Gram-negative bacilli,
obtained from 108 various clinical samples such as urine,
blood, pus, and sputum, where 41 (78.8%) were isolated
from urine, 12 (66.6%) from blood, 14 (48.2%) from respi-
ratory secretions, and 2 (22.2%) from pus. Escherichia coli
(46.1%) was the most commonly isolated organism among
Gram-negative bacilli, followed by Klebsiella pneumoniae
(26.2%), Pseudomonas aeruginosa (10.7%), Enterobacter cloa-
cae (6.1%), Proteus mirabilis (3.07%), and Acinetobacter bau-
manii (4.6%) while Citrobacter freundii and Proteus vulgaris
gave 1.5%. The isolation of Gram-negative bacilli isolates was
significantly higher in patients with trauma (𝑃 < 0.001),
those hospitalized for more than 7 days (𝑃 < 0.001), and
those with ICU admission (𝑃 < 0.001) harboring risk factors
for acquiring Gram-negative bacilli infection.

3.2. The Antibiotic Susceptibility Testing. It was shown in
Figure 1, as observed, that 40 (61.5%) were susceptible
to amikacin, 35 (53.8%) were susceptible to ciprofloxacin,
31 (47.7%) were susceptible to imipenem, and 21 (32.3%)
were susceptible to cefoperazone/sulbactam. However, all
isolates were resistant to cefotaxime (100%), 53 (81.5%) of
isolates were resistant to cefoxitin, 44 (67.7%) were resis-
tant to piperacillin, 40 (61.5%) were resistant to cefoper-
azone/sulbactam, 33 (50.8%) were resistant to imipenem
followed by 24 (44.6%) resistant to amikacin, and 27 (41.5%)
were resistant to ciprofloxacin.

3.3. PCRAssay Results. As shown in Table 6, of 33 imipenem-
resistant Gram-negative bacillistrains, the results of PCR

amplification products of 𝛽-lactamases genes showed that
66.7% of isolates carried 𝑏𝑙𝑎VIM at 390 bp (Figure 2(a)),
72.7% had 𝑏𝑙𝑎TEM at 800 bp (Figure 2(b)), 36.0% harbored
𝑏𝑙𝑎CTX-M-1 at 688 bp (Figure 2(c)), and 15.0% showed 𝑏𝑙𝑎SHV
(Figure 2(d)), while 18.2% (Figure 2(e)), 0.00% (Figure 2(f))
harbored 𝑏𝑙𝑎CTX-M-9, 𝑏𝑙𝑎CTX-M-8/25, respectively. Sequencing
confirmed presence of these 𝛽-lactamase genes; the GenBank
nucleotide sequence accession numbers for the sequences
studied are detailed. Aligning of the obtained sequences with
those of reference strains in GenBank confirmed the correct
identification of 𝑏𝑙𝑎VIM, 𝑏𝑙𝑎TEM, 𝑏𝑙𝑎SHV, and 𝑏𝑙𝑎CTX-M genes
by PCR.

3.4. Sequences Analysis and Polymorphism

3.4.1. The Analysis of VIM Gene (𝑏𝑙𝑎VIM1,2). The sequence of
the purified product of VIM gene (𝑏𝑙𝑎VIM1,2) was compared
with homologousGenBank sequences using BLAST program
and resulted in significant similarity to many metallo-𝛽-
lactamases genes of different bacterial strains.

(1) VIM Gene (blaVIM1,2) in Escherichia coli Strains. The pair-
wise sequences alignments of resulting VIM gene (𝑏𝑙𝑎VIM1,2)
in E. coli strains, isolated from Zagazig University (ZU)
Hospitals, in comparison with published VIM gene in E.
coli strains from GenBank, for example (E. coli KC417377.1),
showed single common SNP (single nucleotide polymor-
phism) sites between the different strains. The SNPs posi-
tion was indicated in position 382 in the Egyptian strains
(Figure 3(a)).The phylogenetic tree of VIM gene sequence in
E. coli strains, isolated fromZagazigUniversityHospitals, and
published homologous sequences in GenBank showed dif-
ferent degrees of dis/similarity between the different strains
(Figure 3(b)). It was interesting to detect that both strains,
the most similar and most dissimilar strains, were from the
same country, Greece, indicating biodiversity in the same
geographical location.

(2) VIMGene (blaVIM1,2) in Klebsiella pneumoniae Strains.The
VIM gene isolated from K. pneumoniae strains in Zagazig
University Hospitals was comparedwith publishedVIM gene
in K. pneumoniae strains from GenBank (e.g. K. pneumoniae
DQ143913.1). The results showed 6 different common SNPs
between the different strains. The SNPs positions were indi-
cated in 45, 150, 168, 284, 309, and 363 (Figure 3(c)). The
phylogenetic tree of VIM gene sequence in K. pneumoniae
strains, isolated from ZU Hospitals, and published homol-
ogous sequences in GenBank showed different degrees of
dis/similarity between the different strains with many unique
sequences in the Egyptian strain (Figure 3(d)).

(3) VIM Gene (blaVIM1,2) in Acinetobacter baumanii Strains.
The sequence of purified product of VIM gene (𝑏𝑙𝑎VIM1,2)
from Acinetobacter baumanii strain was compared with the
GenBank sequence using BLAST program. Interestingly, it
was revealed that therewas a single strain present inGenBank
which is completely different from the studied strains and
this is notmatchingwith our study (e.g., Staphylococcus phage
StB12, complete genome). The sequence alignment showed 9
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Figure 2: Presence and absence of 𝛽-lactamase genes by PCR amplification in some isolated samples. (a)The existence of VIM amplification
fragment (390 bp). (b) The amplification of TEM fragments (800 bp). (c) The amplification of CTX-M-1 (688 bp). (d) The presence of SHV
(713 bp) in some samples. (e) The presence of CTX-M-9 (561 bp). (f) No amplification was shown with CTX-M-8/25 primer at 326 bp.

different common SNPs between the different strains. These
positions were indicated in 246, 284, 306, 309, 330, 363, 378,
382, and 383 (Figure 3(e)). The phylogenetic tree of VIM
sequence of A. baumanii isolated from ZU Hospitals and
published ones in GenBank showed dissimilarity between
Egyptian strains and others (Figure 3(f)).

3.4.2. Sequence Analysis of TEM Gene (𝑏𝑙𝑎VIM1,2). Sequences
of the purified product of VIM gene (𝑏𝑙𝑎VIM1,2) were com-
paredwith homologous counterpartGenBank database using

BLASTprogramand resulted in significant similarity tomany
metallo-𝛽-lactamases genes of different bacterial strains.

(1) TEM Gene (blaTEM1,2) of Escherichia coli. The TEM gene
sequences of E. coli strains, isolated from ZU Hospitals,
were aligned with sequences of published TEM genes in E.
coli strains from GenBank (e.g., E. coli KM598665.1). The
resulting alignments showed 4 different common SNP sites
between the different strains. The SNPs positions were indi-
cated commonly in 216, 232, 385, and 433 (Figure 4(a)). Phy-
logenetic tree was constructed from TEM gene (𝑏𝑙𝑎TEM1,2)
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Figure 3: Continued.
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Figure 3:Themultiple sequences alignments and trees of VIM gene in different species. (a) VIM gene in E. coli strains isolated from Zagazig
University (ZU) Hospitals in comparison with published VIM gene of E. coli strains from GenBank. (b) A tree of VIM sequence of E. coli
isolated from ZU Hospitals and published homologs in GenBank. (c) The multiple sequences alignments of VIM gene in K. pneumoniae
strains isolated from ZUHospitals in comparison with published VIM gene inK. pneumoniae strains fromGenBank. (d) Phylogenetic tree of
VIM sequence of K. pneumoniae isolated from ZUHospitals and published sequences in GenBank. (e)Themultiple sequences alignments of
VIM gene in A. baumanii strains isolated from ZUHospitals in comparison with published VIM gene in A. baumanii strains from GenBank.
(f) Phylogenetic tree of VIM sequence of A. baumanii isolated from ZU Hospitals and published sequences in GenBank.

sequence of Escherichia coli strains isolated from ZU Hos-
pitals and published homologous sequences in GenBank
(Figure 4(b)) showing similarity degree between Egyptian
and Indian strains.

(2) TEM Gene (blaTEM1,2) of Klebsiella pneumonia. Multiple
sequences alignments of TEM gene inK. pneumoniae strains,
isolated from ZU Hospitals, were compared with other pub-
lished TEM genes in K. pneumoniae strains from GenBank
(e.g., K. pneumoniae KF268357.1). (Figure 4(c)) showed 2
different common SNPs between different strains. The SNPs
positions were indicated in 174 and 343. A phylogenetic
tree of TEM sequence of K. pneumoniae isolated from
Zagazig University Hospitals and other published ones in
GenBank showed the degree of similarity between strains
where Egyptian strain was dissimilar to that of Iranian and
Indian strains (Figure 4(d)).

3.4.3. The Analysis of SHV Gene (𝑏𝑙𝑎SHV1) in Klebsiella
pneumoniae Strains. The pairwise sequences alignments of
resulting SHV gene (𝑏𝑙𝑎SHV1) in K. pneumoniae strains, iso-
lated from Zagazig University Hospitals, in comparison with
published SHV gene inK. pneumoniae strains fromGenBank
using BLAST program (e,g., K. pneumoniae AF124984.1)

showed five common SNPs between the different strains.The
SNPs position was indicated in 454, 563, 631, 635, and 650
in Egyptian strains (Figure 5(a)). The phylogenetic tree of
SHV gene in this case showed that Egyptian strain was more
similar to France strain (Figure 5(b)).

3.4.4.The Analysis of CTX-M-1 Gene (𝑏𝑙𝑎CTX-M-1). Sequences
of the purified product of CTX-M-1 gene (𝑏𝑙𝑎CTX-M-1) were
compared with homologous counterpart GenBank database
using BLAST program and resulted in significant similarity
to many metallo-𝛽-lactamases genes of different bacterial
strains.

(1) CTX-M-1 Gene (blaCTX-M-1) of Escherichia coli Strains. The
sequence of the purified product of CTX-M-1 gene from
Escherichia coli strains was compared with the GenBank
sequence using BLASTprogram. Interestingly, it was revealed
that there were strains present in GenBank which are com-
pletely different from the studied strains and this is not
matchingwith our study (e.g.,Pseudomonas aeruginosaDNA,
AP014646.1). The sequence alignment showed 81 different
common SNPs between the different strains. The SNPs
positions were indicated in 601, 604→ 615, 617→ 626, and
628→ 688 (Figure 6(a)). The phylogenetic tree of CTX-M-1
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Figure 4: The multiple sequences alignments and trees of TEM gene (𝑏𝑙𝑎TEM1,2) in different bacterial species. (a) TEM gene in E. coli strains
isolated fromZUHospitals in comparisonwith publishedTEMgene ofE. coli strains fromGenBank. (b)Aphylogenetic tree of TEMgene ofE.
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Figure 5:Themultiple sequences alignments and trees of SHV gene in different species. (a) SHV gene inK. pneumoniae strains isolated from
ZUHospitals in comparison with published SHV gene of K. pneumoniae strains from GenBank. (b) Phylogenetic tree of SHV sequence of K.
pneumoniae isolated from ZU Hospitals and published homologous ones in GenBank.

sequence of E. coli isolated fromZagazig University Hospitals
and published homologous ones in GenBank showed dissim-
ilarity degree between Egyptian and other universal strains
(Figure 6(b)).

(2) CTX-M-1 Gene (blaCTX-M-1) of Klebsiella pneumoniae
Strains. The alignment in this case showed 39 different
common SNPs between the different strains. The SNPs
positions were indicated in positions 1 → 39 (Figure 6(c)).
A phylogenetic tree of CTX-M-1 gene sequence in K. pneu-
moniae strains, isolated from ZU Hospitals, and published
homologous sequences in GenBank showed different degrees

of dis/similarity between the different strains with many
unique sequences in Egyptian strain (Figure 6(d)).

(3) CTX-M-1 Gene (blaCTX-M-1) of Pseudomonas aeruginosa
Strains.TheCTX-M-1 gene isolated fromP. aeruginosa strains
in Zagazig University Hospitals was compared using BLAST
program with published CTX-M-1 gene in P. aeruginosa
strains from GenBank (e.g., P.aeruginosa KC571255.1). The
results showed 4 different common SNPs between the differ-
ent strains.The SNPs positions were indicated in 117, 206, 228,
and 283 (Figure 6(e)). A phylogenetic tree showed similarity
degree between Egyptian and Russian strains (Figure 6(f)).



International Journal of Microbiology 9

601
601
601
601

629
688
688
688

Consensus

CTX1/1-629
gi|695214033|ref|NG_036729.1|/1-688
gi|224696954|emb|FM213371.1|/1-688
gi|402795953|dbj|AB701573.1|/1-688

(a)

CTX1 E.coli Egypt0.5168

0.0000

0.0000

0.00000.5168

0.1

AP014646.1

gi |NG 036729.1| Escherichia coli blaCTX-M-3 gene for beta-lactamase USA

gi Escherichia coli DNA ISEcp1-blaCTX-M-15 |AB701573.1| Japan

gi Escherichia coli blaCTX-M-3 gene for beta-lactamase |FM213371.1| Poland

(b)
227

29
1
1

340
142

339
141
74
74

452
254
187
187

75
75

Consensus

Consensus

gi|288190909|gb|GQ470443.1|/1-496
gi|288190907|gb|GQ470442.1|/1-429
gi|288190905|gb|GQ470441.1|/1-429

AM_372945-30_15-group16-_g1-group16-_F04/1-497

gi|288190909|gb|GQ470443.1|/1-496
gi|288190907|gb|GQ470442.1|/1-429
gi|288190905|gb|GQ470441.1|/1-429

AM_372945-30_15-group16-_g1-group16-_F04/1-497

(c)

gi Klebsiella pneumoniae strain 285L extended spectrum beta-lactamase CTX-M-15 |GQ470435.1|Iran

CTX1 Klebsiella pneumoniae Egypt
gi Klebsiella pneumoniae strain 212L extended spectrum beta-lactamase CTX-M-15 |GQ470431.1| Iran
gi Klebsiella pneumoniae CTX-M-15|GQ865568.1| India

0.0000

0.0000
0.0000

0.7585

0.7515

0.0070

0.2

KJ451410.1

gi Klebsiella pneumoniae (blaCTX-M-15) gene |EU556755.1|Hungary

(d)
56

113
113

167
224
224

279
336
336

391
448
448

168
225
225

280
337
337

Consensus

Consensus

Consensus

gi|584111314|gb|KF876133.1|/1-607
gi|584111414|gb|KF877134.1|_/1-607

AM_372945-31_16-group16-_g1-group16-_G04/1-633

gi|584111314|gb|KF876133.1|/1-607
gi|584111414|gb|KF877134.1|_/1-607

AM_372945-31_16-group16-_g1-group16-_G04/1-633

gi|584111314|gb|KF876133.1|/1-607
gi|584111414|gb|KF877134.1|_/1-607

AM_372945-31_16-group16-_g1-group16-_G04/1-633

(e)

gi|584111314|gb|KF876133.1| Pseudomonas aeruginosa strain B-757P Russia

gi|584111314|gb|KF876133.1| Pseudomonas aeruginosa strain B-757P Russia(2)
CTX1 Pseudomonas aeruginosa Egypt0.0024

0.0000

0.0000
0.0024

0.0005

KC571255.1

(f)

Figure 6: The multiple sequences alignments and trees of CTX-M-1 gene in different species. (a) CTX-M-1 gene in E. coli strains isolated
from ZU Hospitals in comparison with published CTX-M-1 gene of E. coli strains from GenBank. (b) A tree of CTX-M-1 sequence of E. coli
isolated from ZUHospitals and published homologs in GenBank. (c)Themultiple sequences alignments of CTX-M-1 gene in K. pneumoniae
strains isolated from ZU Hospitals in comparison with published CTX-M-1 gene in K. pneumoniae strains from GenBank. (d) Phylogenetic
tree of CTX-M-1 sequence of K. pneumoniae isolated from ZU Hospitals and published homologous sequences in GenBank. (e) Multiple
sequences alignments of CTX-M-1 gene in P. aeruginosa strains isolated from ZU Hospitals in comparison with published CTX-M-1 gene in
P. aeruginosa strains from GenBank. (f) Phylogenetic tree of CTX-M-1 sequence of P. aeruginosa isolated from ZU Hospitals and published
homologs in GenBank.
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Figure 7:Themultiple sequences alignments and tree of CTX-M-9 gene in different species. (a) CTX-M-9 gene in E. coli strains isolated from
ZU Hospitals in comparison with published CTX-M-9 gene of E. coli strains from GenBank. (b) Phylogenetic tree of CTX-M-9 sequence of
E. coli isolated from ZU Hospitals and published homologous ones in GenBank.

3.4.5. The Analysis of CTX-M-9 Gene (𝑏𝑙𝑎CTX-M-9) in
Escherichia coli Strains. The CTX-M-9 gene isolated from
E. coli strains in Zagazig University Hospitals was compared
with published CTX-M-1 gene in P. aeruginosa strains from
GenBank using BLAST program (e.g., E. coli JN676843.1).
The multiple sequences alignments showed 2 different
common SNPs in positions 74 and 272 (Figure 7(a)).
The phylogenetic tree of CTX-M-9 gene sequence in E.
coli strains, isolated from ZU Hospitals, and published
homologous sequences in GenBank showed different
degrees of dis/similarity between the different strains and
many unique sequences in the Egyptian strain similar to
that of Russia and Australia and dissimilar to that of Japan
(Figure 7(b)).

4. Discussion

The Gram-negative bacilli are among the most important
causes of serious nosocomial and community-onset bacte-
rial infections in humans and antimicrobial resistance has
become a global threat to effective health care delivery [14].
However, carbapenem-resistant Gram-negative bacilli have
been increasingly reported worldwide [4]. Various acquired
carbapenemases have been identified in the last years, belong-
ing to either acquired metallo-beta-lactamases (IMP, VIM,

Table 2: The distribution of Gram-negative bacilli isolates in each
clinical specimen.

Clinical specimens Gram-negative bacilli isolates
Type Number Number (%)
Urine 52 41 78.8
Blood 18 12 66.6
Sputum 29 10 34.5
Pus 9 2 22.2
Total 108 65 (60.2%)
𝜒
2
= 21.28, 𝑃 < 0.001 (statistically significant).

SPM, GIM, NDM, andDIM types) or class A (KPC andGES)
and class D 𝛽-lactamase OXA-48 [15].

In the present study, prevalence of 𝛽-lactamases-
producing isolates was found in Table 2. Different studies
carried out by other workers in various parts of the world
show quite variable results. In a study carried out, the
frequency of beta-lactamases-producing isolates was urine
(61%), followed by blood cultures (38%), wound swabs (13%),
and tracheal aspirates (5%) (𝑃 < 0.001) [16]. And this is
similar to our study. By contrast, Shanthi and Sekar [17] in
India reported that Gram-negative isolates were obtained
from the respiratory tract (41.8%) followed by urinary tract
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Table 3: API 20E identification of Gram-negative bacilli isolates
among positive clinical specimens.

Organism Total = 65
Number (%)

Escherichia coli 30 46.1
Klebsiella pneumoniae 17 26.2
Enterobacter cloacae 4 6.1
Pseudomonas aeruginosa 7 10.7
Proteus mirabilis 2 3.07
Acinetobacter baumanii 3 4.6
Citrobacter freundii 1 1.5
Proteus vulgaris 1 1.5
𝑃 < 0.001 (statistically significant).

(25.5%), wound (20%), and blood (12.7%). Also, pus was
the most common specimen accounting for 21% followed
by tracheal aspirate (17%), sputum (16%), urine (11%), and
blood (7%) [18].

Various risk factors of 𝛽-lactamases have been implicated
in selection and spread producing strains from various
clinical samples.

In accordance with distribution of Gram-negative bacilli,
(46.1%) Escherichia coli and (26.2%) Klebsiella pneumoniae
isolates followed by (10.7%) P. aeruginosa were identified
as the commonest isolates among Gram-negative bacilli
(Table 3) and this coincidedwith that concluded by Sahu et al.
[19]who found that 58%were identified asEscherichia coli fol-
lowed by 27.7% Klebsiella pneumoniae and 15% Pseudomonas
aeruginosa in Udaipur, Rajasthan. In a study by Vipin et
al. [20] 52 (58.42%) isolates of Escherichia coli were found
to be the most common organisms in Allahabad followed
by Klebsiella pneumoniae (20.22%), Pseudomonas aerugi-
nosa (12.35%), Proteus vulgaris (3.37%), Proteus mirabilis
(2.24%), and Enterobacter cloacae (2.24%). Also, in India,
Sankarankutty and Kaup [21] documented the same result
in that 58.42% isolates of Escherichia coli were found to be
the most common organisms followed by Klebsiella pneu-
moniae (20.22%), Pseudomonas aeruginosa (12.35%), Proteus
vulgaris (3.37%), Proteus mirabilis (2.24%), and Enterobacter
aerogenes (2.24%).

But our study disagreed with that published by Aboderin
et al. [22] who reported that Pseudomonas aeruginosa
recorded the highest prevalence followed by Klebsiella pneu-
moniae and ESBL producers, whereas frequency among E.
coli isolates was much lower than Klebsiella pneumoniae.
Hence, prevalence of pathogens often varies dramatically
between communities according to geography, hospitals in
the same community and among different patient popula-
tions in the same hospital.

In this study, risk factors associated with isolation of
Gram-negative bacilli isolates were shown in Table 4. And
this was matched with that reported by Kumar et al. [23] who
exhibitedmajor risk factors such as prolonged hospitalization
> 8 days, previous antibiotic use, trauma, and mechanical
ventilation which may contribute to the mortality.

In Turkey, Aktas et al. [24] reported risk factors for
acquisition including prolonged hospitalization, an ICU stay,
ventilator usage, previous use of carbapenem antibiotics, and
the presence of underlying diseases and this is compatible
with our research. But in Brazil, Tuon et al. [25] documented
that there was statistical significance in isolation of Klebsiella
pneumoniae isolates according to age (𝑃 = 0.005) and
mechanical ventilation (𝑃 = 0.003), while trauma (𝑃 = 0.87)
and ICU stay (𝑃 = 0.25) had a statistical significance asmajor
risk factors.

The importance of these risk factors lies in the epidemi-
ological implications at the hospital level because the results
suggest a probable nosocomial transmission of the infection.

Resistance pattern among nosocomial bacterial
pathogens may vary widely from country to country at
any time and within the same country over time [26].

In our study, all the isolates were resistant to cefotaxime
(100%) and displayed unusually high level of imipenem-
resistance (50.8%) isolates with MICs ranging from 15.6 to
250 𝜇g/mL (Table 5) (𝑃 < 0.001). In Egypt, this was parallel
to that reported by Mohamed and Raafat [27] who reported
(52.2%) imipenem-resistance among isolates, (100%) cefo-
taxime resistance, (55%) susceptible-ciprofloxacin, and (70%)
susceptibility to amikacin. In theMiddle East, the occurrence
of imipenem-resistant Gram-negative bacilli is alarmingly
elevated. Another similar study showed that all 84 Klebsiella
pneumoniae isolates exhibited resistance to imipenem with
MICs ranging from 4 to >32 𝜇g/mL in a Greek hospital [28].

Another dissimilar study was shown in Saudi Arabia,
where the susceptibility rate of Gram-negative organisms
isolated from a tertiary care hospital to imipenem was
reported to be as low as 10% [29]. Galani et al. [30] reported
that Klebsiella pneumoniae and Escherichia coli isolates were
found to be susceptible to imipenem in routine suscep-
tibility disk diffusion tests. Other authors observed that
all beta-lactamases producers of Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa were suscepti-
ble to imipenem showing coresistance to other antibiotics
of aminoglycosides, fluoroquinolones, and others [17]. The
extensive use of carbapenems in some locations has likely
created a selective antibiotic pressure which in turn has
resulted in an increased prevalence of carbapenem-resistant
Gram-negative isolates.

The carbapenem resistance due to production of 𝛽-
lactamases has a potential for rapid dissemination, since it is
often plasmid-mediated [2]. Consequently, rapid detection of
𝛽-lactamases is necessary to initiate effective infection con-
trol measures to prevent their uncontrolled spread in clinical
settings. In Egyptian hospitals the 𝛽-lactamases presence was
confirmed by PCR amplification.

In our study, the percentage of 𝑏𝑙𝑎VIM, 𝑏𝑙𝑎TEM, 𝑏𝑙𝑎SHV,
and 𝑏𝑙𝑎CTX-M genes among Gram-negative bacilli isolates
was shown in Table 6. As regards 𝑏𝑙𝑎VIM gene detected
in our results it is similar to that 𝑏𝑙𝑎VIM gene encoding
MBL among the isolates of P. aeruginosa (61.3%) in Tehran
hospitals [31]. On the contrary, 𝑏𝑙𝑎VIM genes were not
detected among the studied Gram-negative isolates in other
Tehran hospitals [32]. TEM, SHV, and CTX-M genes are the
most common plasmid-mediated lactamases often found in



12 International Journal of Microbiology

Table 4: Risk factors associated with isolation of Gram-negative bacilli isolates.

Risk factor Gram-negative
bacilli isolates

Total number of
samples Relative risk (95% CI)∗ 𝑃 value significance

Age
<40 26 45 1.07 (0.78–1.47) 0.66
>40 39 63

Sex
Male 29 49 1.09 (0.8–1.47) 0.59
Female 36 59

Trauma
Yes 48 59 2.34 (1.57–3.51) <0.001
No 17 49

Hospitalization length other than ICU
<7 days 15 51 2.98 (1.33–4.61) <0.001
>7 days 50 57

ICU admission
Yes 28 46 1.02 (0.45–2.47) <0.001
No 37 62

Urinary catheter
Yes 18 32 0.91 (0.64–1.29) 0.58
No 47 76

Ventilator support
Yes 10 18 0.83 (0.51–1.35) 0.44
No 20 30

Central venous catheter
Yes 4 9 0.67 (0.31–1.43) 0.26
No 26 39
∗ = 95% confidence interval.

Table 5: Antimicrobial susceptibility patterns by disc diffusion method.

Antibiotic
Antimicrobial susceptibility patterns of all Gram-negative bacilli isolates

Susceptible Intermediate Resistant
Number (%) Number (%) Number (%)

Imipenem 31 47.7 1 1.5 33 50.8
Amikacin 40 ∗61.5 1 1.5 24 44.6
Ciprofloxacin 35 53.8 3 4.6 27 41.5
Piperacillin 15 23.1 6 ∗9.2 44 67.7
Cefoperazone/sulbactam 21 32.3 4 6.1 40 61.5
Cefoxitin 12 18.4 0 0.00 53 81.5
Cefotaxime 0 0.00 0 0.00 65 ∗100.00
∗
𝑃 < 0.001 (statistically significant).

Enterobacteriaceae and P. aeruginosa [33]. In Iran, Eftekhar
et al. [34] showed 69.3% 𝑏𝑙𝑎TEM and 31.37% 𝑏𝑙𝑎CTX-M-1 genes
amongGram-negative isolates and this agreedwith our study.
Also, presence of 𝑏𝑙𝑎CTX-M1,9, 𝑎SHV, and 𝑏𝑙𝑎TEM genes among
tested rods of the Enterobacteriaceae family was revealed by
Ojdana et al. [35]. Another study reported by Cuzon et al.
[36] harbored similar results regarding carbapenem-resistant
Gram-negative isolates carrying TEM, SHV, CTX-M-1, and
CTX-M-9 genes.

In Switzerland, Zurfluh et al. [37] mentioned that the
isolates of Enterobacteriaceae were further screened for bla
genes encoding SHV, TEM, CTX-M group 1, CTX-M group
2, or CTX-M group 9 enzymes with (23%), (71.3%), (39.2%),
(20.1%), and (15.6%), respectively.

Other authors noted different observations in that clinical
isolates of Escherichia coli and Pseudomonas aeruginosa
carried 𝑏𝑙𝑎CTX-M-types which was the most common (95.8%)
followed by 𝑏𝑙𝑎TEM (29.2%), 𝑏𝑙𝑎SHV (7.3%), and 𝑏𝑙𝑎VIM
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Table 6: The percentage of blaVIM, blaTEM, blaSHV, and blaCTX-M genes among Gram-negative bacilli isolates.

Isolates 𝛽-lactamases genes

Organism Number VIM TEM SHV CTX-M-1 CTX-M-9 CTX-M-8/25
Number (%) Number (%) Number (%) Number (%) Number (%) Number (%)

Escherichia coli 15 10 66.6 13 87.0 0 0.0 3 20.0 4 26.6 0 0.00
Klebsiella pneumonia 10 8 80.0 9 90.0 5 50 6 60.0 1 10.0 0 0.00
Enterobacter cloaca 2 1 50.0 1 50.0 0 0.0 0 0.00 0 0.00 0 0.00
Pseudomonas aeruginosa 4 2 50.0 1 25.0 0 0.0 3 75.0 1 25.0 0 0.00
Proteus mirabilis 1 0 0.00 0 0.00 0 0.0 0 0.00 0 0.00 0 0.00
Acinetobacter baumanii 1 1 100 0 0.00 0 0.0 0 0.00 0 0.00 0 0.00
Total 33 22 66.7 24 72.7 5 15.0 12 36.0 6 18.2 0 0.00

(12.5%) in Nepal [38]. These observations contribute to the
knowledge of the epidemiology of VIM, TEM, SHV, and
CTX-M-producing Gram-negative isolates that have now
become endemic in major hospitals in Egypt. Continuous
monitoring, proper infection control, and surveillance and
prevention practices will limit the further spread of these
infections within these hospitals and clinical settings.

Multiple sequences analysis is used in such biological
studies to extract important phylogenetic and evolutionary
information using different scoringmatrices (BLOSUM62 for
BLAST, BLOSUM50 for SEARCH and FASTA) [39].

5. Conclusion

There is a high prevalence of𝛽-lactamase genes in our clinical
isolates that are responsible for such resistance. Hence, it
is essential to report 𝛽-lactamases production along with
routine sensitivity reports, which will help the clinician in
prescribing proper antibiotics. Also, the sequence analysis of
amplified genes showed differences between multiple SNPs
in the same gene among different local isolates and with
internationally published sequences. In the end, it has been
felt that there is a need to formulate strategies to detect and
prevent the emergence of 𝛽-lactamases producing strains for
the effective treatment of infections which are caused by
them.
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