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ABSTRACT

Background: Surgical site infection (SSI) is a major source of morbidity and mortality.
It happens within 30 days of a surgical intervention around or at the incision site. Deeper
underlying tissues may be involved. In recent years, multidrug-resistant (MDR) organisms
are responsible for a growing proportion of illnesses, which present a significant
therapeutic challenge. Aim: This study aimed to evaluate the antibiotic susceptibility
pattern of Enterobacteriaceae isolated from SSI in Benha University Hospital and detect
the blaNDM-1 gene in carbapenem resistant isolates. Methods: A total of 130 wound
samples were cultured on blood agar and MacConkey agar media. Strains were identified
by standard bacteriological methods and antibiotic sensitivity testing by VITEK 2 compact
system, Detection of MBL (metallo-beta-lactamase) producing isolates phenotypically by
double disk synergy test (DDST) and detection of blaNDM-1gene in the resistant strains
by Conventional PCR. Results: of 120 culture positive wound samples, 53 strains were
Enterobacteriaceae (22Klebsiella species, 20 E.coli, 8 Proteus spp and 3 Citrobacter spp),
59% and 30% of Klebsiella spp and E-coli strains respectively were carbapenem resistant,
while none of Proteus or Citrobacter spp were carbapenem resistant. Regarding blaNDM-
1 detection it was 61.54% and 66.67% for Klebsiella spp and E.coli respectively.
Conclusion: NDM-1 gene propagation in Enterobacteriaceae is a worrying threat which
necessitates several control measures.

Introduction

SSI is responsible for 38% of deaths in

One of the most frequent sources of
infections connected to healthcare is surgical site
infections (SSI) [1]. SSIs are responsible for
extended periods of hospitalization, persistent
incapacity and extra financial cost. They diminish
the potential benefits of surgical procedures [2].
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patients in developing countries [3]. Such infections
are commonly caused by microorganisms on the
patient’s skin at the time of surgical incision. The
contamination causing SSI depends on the bacterial
count, virulence and medication resistance [4].

The commonest microorganisms linked to
infections caused by SSIs are Staphylococcus
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aureus, Escherichia coli, Klebsiella spp., Proteus
spp., Citrobacter spp., Acinetobacter spp.,
coagulase negative staphylococci and Pseudomonas
aeruginosa [5].

During the past few years, Multidrug-
resistant (MDR) organisms have become a source of
a growing number of illnesses, posing a big
therapeutic challenge [6] as multidrug resistance
implies resistance to three or more antibiotics from
variant categories [7]. Among the most significant
emerging resistance features is carbapenem-
hydrolysing beta-lactamases production, which
grant resistance to almost all beta-lactams [8].

New Delhi metallo-beta-lactamase (NDM)
is among the most significant enzymes belonging to
this category [9]. NDM-1 was identified in bacterial
chromosome and plasmid. Plasmids harbouring the
blaNDM-1 gene also found to harbour other genes
that grant resistance to other groups of
antimicrobials such as aminoglycosides, macrolides
and sulfamethoxazole. Thus, strains harbouring
NDM are resistant to nearly most available drugs.
Furthermore, their encoding genes are easily
transferred through plasmids and transposons
among Enterobacteriaceae [10].

In spite of prophylactic antimicrobials
usage both pre- and post-operatively as well as other
preventive measures, SSIs remain a serious
problem, this is mostly linked to the increasing
incidence of antibiotic resistance due to misuse of
antibiotics which favours emergence of drug
resistant bacteria due to selection pressure [11].

This study aimed to evaluate the antibiotic
susceptibility pattern of Enterobacteriaceae isolated
from SSI in Benha University Hospital and detect
the blanom-1 gene in carbapenem resistant isolates.

Methods
Study Design

A cross-sectional study was done among
patients suffering from SSI in Benha University
Hospitals and Microbiology and Immunology
Department, Faculty of Medicine, Benha
University, Egypt from February 2024 to July 2024.
The study was carried out in accordance with the
ethical standards of the Declaration of Helsinki and
has been accepted by the Research Ethics
Committee of Benha Faculty of Medicine (RC 40-
1-2024). A written consent in Arabic was obtained
from all participants before being enrolled in the
study.130 wound samples were collected using

standard  microbiological sample collection
methods, 84 by sterile cotton swabs and 46 aspirated
pus. Full bacteriological analysis of samples
including microscopic examination after Gram
staining, culture characteristics and standard
biochemical reactions was done [12].

Sample size calculation

All samples were examined by standard
bacteriological methods. Out of 130 samples, 53
Enterobacteriaceae were detected.

Sample size was calculated as follows:

Sample size (n) = 130 =
Z%* (P) * (1-P)
C2

Population = 53
Sample size needed = 48 and it was raised
to 53

Antimicrobial susceptibility: was done
by VITEK system, Biomerieux according to
manufacturer’s instructions [13].

Phenotypic Detection of metallo-beta -
lactamase production: The bacteria were plated on
Mueller Hinton agar as recommended by CLSI
(2018). Two disks Imipenem (10 ug) and Imipenem
/EDTA (10 ug + 750 ug) were then put at a distance
of 25 mm. The inhibition zones of both disks were
recorded and compared after 16 to 18 hrs of
incubations at 35°C. A zone diameter difference of
Imipenem and Imipenem / EDTA disks > 5Smm was
regarded as positive metallo-B-lactamase.

Polymerase Chain Reaction: DNA was
extracted by Quick-DNA™ Miniprep plus Kit,
Zymo Research, USA, according to manufacturer’s
instructions. Detection of blaNDM-1gene in
resistant strains by conventional PCR (Master mix
Dream Tag.fermentas, life science, Thermo Fisher
Scientific) utilizing the following primers: NDM-1
forward primer (5’- GAC CGC CCA GAT CCT
CAA -3’) and NDM-1reverse primer (5’- CGC
GAC CGG CAG GTT -3°) [14].

Reaction components were added as
follow, Green Master Mix: 12.5 pl, Forward Primer:
1ul, Reverse Primer: 1pl, Template DNA: 5 pl and
RNase-free water with a total volume of 12.5pul.
After mixing, the reaction mix was loaded into the
PCR cycler. Thermal denaturation was achieved by
heating the products for 1 minute at 95°C, and
primer annealing was made for 30 seconds at 55 °C,
1 minute of extension at 72°C and a final extension
at 72°C for 5 minutes. The PCR products were
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electrophoresed on an agarose gel (Hopkins and
Williams, England) and visualised using a UV trans-
illuminator (Biometra, Germany).

Statistical analysis

Study data of demographic traits and
clinical criteria were compiled as percentages and
frequencies. For continuous data such as age and
surgery duration, mean + standard deviation (SD)
was used. The descriptive statistics were enhanced
by the addition of visualizations such as bar charts.

Results

Out of 130 patients with SSI included in the
study, 76 (58.46%) were males while 54(41.54%)
were females and they ranged in ages from 19-65
years old with Mean age (41.96+14.2) years.
Different patient characteristics and risk factors
were summarized in (table 1)

Positive bacterial cultures were detected in
120 wound discharge samples out of 130 (92.3%).
Out of 120 positive samples, 61(50.83%) Gram
negative bacilli while 59(49.17) cultures were Gram
positive (Figure 1, 2 and 3).

After further identification procedures, 53
Enterobacteriaceae strains were identified as

Table 1. Characteristics of the patients.

follows: 22 Klebsiella spp, 20 E. coli, 8 Proteus spp
and 3 Citrobacter spp. 8 non Enterobacteriaceae
gram negative bacilli were also isolated like
Pseudomonas spp.

Regarding antibiotic resistance pattern of
isolated Enterobacteriaceae, 30 strains were MDR
and were distributed as follow: 16(53.3%)
Klebsiella spp, 12 (40%) E.coli, 2 (6.7%) Proteus
spp while none of Citrobacter spp were MDR. 19
out of 30 MDR strains were carbapenem resistant as
shown in (Table 1)

Phenotypic detection of metallo-beta
lactamase by double synergy test: 7 of 13
carbapenem resistant Klebsiella spp were positive
(53.8%), while 3 of 6 carbapenem resistant E.coli
were positive (50%) (Figure 4).

Detection of blaNDM-1 gene by PCR:
Among 19 CRE, the gene was detected in 12 strains
(63.2%) as follow: 8 of 13 carbapenem resistant
Klebsiella spp (61.5%) and 4 of 6 carbapenem
resistant E.coli (66.67 %) (Figure 5).

Characteristics of Patients (n=130) number Percentage | Mean + Std
Sex Male 76 58.46 -
Female 54 41.54 -
Age(years) 19-65 - - 41.96+14.2
. > 3 Hours 115 88.46
Surgery duration
<3 Hours 15 11.54
Ward Surgical 85 65.38 -
Obs/Gyn 45 34.62 -
Diabetes mellitus 13 10 -
Clean 70 53.85 -
Type of wound C(_)ntaminated 10 7.69 -
Dirty 30 23.08 -
Clean contaminated 20 15.38 -
Type of surgery Emergency 90 69.23 -
Elective 40 30.77 -
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Table 2. Number and percentages of multidrug resistant and carbapenem resistant Enterobacteriaceae isolated
from surgical site infection (detected by VTEK system).

Enterobacteriaceae Total Number of isolates MDR isolates carbapenem
(%)(n=53) (n=30) resistant isolates
(56.6% of total) (n=19)
(35.8% of total)
Klebsiella spp 22(41.5%) 16(53.3%) 13(68.4)
E. coli 20(37.7%) 12(40%) 6(31.6)
Proteus spp 8(15.1%) 2(6.7%) 0(0%)
Citrobacter spp 3(5.7%) 0(0%) 0(0%)

Figure 1. Distribution of positive and negative culture wound samples among SSI cases.

Culture Negative

Culture Positive

Figure 2. Distribution of Gram positive and Gram-negative organisms isolated from culture positive SSI cases.

Gram negative

Gram positive

Figure 3. Distribution of Enterobacteriaceae among gram-negative organisms.

Other Gram negative bacilli
(Pseudomonas spp)

Enterobacteriaceae
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Figure 4. Double disk synergy test (positive test)

Figure 5. Agarose gel showing the PCR-amplified product of the blanom-1 gene (100 BP ladder).

Discussion

Surgical site infections (SSls) are among
the commonest types of healthcare-associated
infections (HAI) and they are increasingly being
caused by multi-drug resistant organisms (MDR-
Os)[6].

Emergence  of  NDM-producing
Enterobacteriaceae became a major worry globally
and a public health concern due to few treatment
options [15].

In the present study, 120 out of 130 wound
samples yielded bacterial growth (92.31 %), this
finding agrees with Tilahun [16] who stated that the
magnitude of bacterial growth was 95.3% and Roy
et al [17] who reported 92.3%. Our finding was

different from Gupta [18] et al who reported 100%
of wound samples yielded bacteria growth and
Misha et al [19] who reported the culture positive
rate was 71.7%, it is likely that varying sampling
methods and microbial counts could account for
variations in culture-positive rates.

In the current study, 61(50.83%) of the
isolates were Gram negative, this agrees with Upula
et al [20] and Alelign et al [21] who reported that
percentage of Gram negative organisms following
SSI was 51.2%, while relatively higher percentage
were found by Gebissa et al [22] 70.1% and
Deepjyoti et al[23] (60.3%). Such variation might
be ascribed to variations in the research population,
bacterial aetiology and infection prevention
procedures in various health-care facilities.
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Gram negative bacilli predominance might
be due to their multidrug resistance patterns, varied
habitats including hospital surfaces and potential
contamination from the alimentary tract during
surgery [24].

According to this research, the most
common isolated species among
Enterobacteriaceae ~ were Klebsiella  spp
(41.5%).The finding is in line with a study by
Kalpana et al [6] with a similar isolation rate
(39.8%) as well as according to a study done in
Uganda, Klebsiella pneumonia was the most
prevalent (50%) [25]. However a study done in
Addis Ababa, Ethiopia reported that the most
prevalent species was Staphylococcus aureus [26].
Variations in common hospital-acquired organisms
and regional differences in infection prevention
practices may be the cause of this discrepancy in the
distribution of bacterial species.

The current study detected the rate of
MDR Enterobacteriaceae isolated from SSI cases to
be 56.6% which aligns with a previous study (63%)
[6] Meanwhile this rate is higher than a previous
study carried out in Egypt (37.2%) [27] And lower
than that reported from Hawassa, Ethiopia (93.2%).
A key element in the development and
dissemination of varying rates of resistance is the
empirical treatment strategies, the frequent and
careless use of antibiotics by unskilled professionals
and the absence of established protocols for
antimicrobial use all over the health care settings
[28].

In this study, carbapenem resistant
Enterobacteriaceae prevalence was 35.8% similar
to Worku et al [29] who reported that Ertapenem
resistance among Enterobacteriaceae was 32.9 %.
Pavlovi¢ et al [30] detected a higher rate of
resistance for Imipenem (68.2%) among patients in
Surgical  Intensive  Care  Units.  Varying
permeabilities to distinct carbapenems due to
changes in porins may be the cause of varied
resistance to these antibiotics [31].

Carbapenem resistance among Klebsiella
spp was 68.4% that coincides with Raouf et al [32]
(69.2%).

Regarding blaNDM-1, 8 of 13 carbapenem
resistant Klebsiella spp (61.5%) and 4 of 6
carbapenem resistant E.coli (66.67 %) tested
positive which is close to a previous study of
Alruways [33] who reported that blaNDM-1 among
carbapenem resistant gram negative isolates was

54%, while another study in Egypt declared that
blaNDM gene was 88.7% among CRE [34].

The presence of blaNDM-1 gene in
another Egyptian study was higher among MDR
Klebsiella pneumomiae (78.79 %) and nearly
similar among MDR E.coli (58.33 %) [8]

A number of reasons including
inadequate infection control procedures and
antibiotic abuse seems to contribute to the blaNDM-
1 gene higher prevalence [35].

However, 36.8% of the CRE isolates in
our study tested negative for blaNDM-1 gene raising
the possibility of presence of other B-lactamases and
carbapenemases genes other than blaNDM-1 and
might be also due to presence of novel genes or
permeability issues [36].

Conclusion

Multidrug resistance especially
carbapenem resistance is an increasing problem
which necessitates strict infection prevention
strategies and rational use of antibiotics. Further
studies are recommended to study the role of other
B-lactamases and carbapenemases genes rather than
blaNDM-1 in SSis.
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