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ABSTRACT

Introduction: Post-surgical wound infections pose a significant global challenge in surgical practice, leading
to prolonged hospital stays, increased healthcare costs, and heightened morbidity and mortality rates. Inade-
quately managed, these infections can escalate medical expenses, trigger secondary complications, and even
result in severe outcomes such as limb loss or fatality.

Objective: This study aims to identify the micro-organisms causing surgical site infection and their susceptibil-
ity patterns towards the common antibiotics in surgical words at Al-Nu’man General Hospital.

Methods: In this retrospective cross-sectional study, the data were collected from microbiology laboratory re-
cords of patients with post-surgical infected wounds. Sixty-one patients were included in the study, and wound
swabs were cultured to identify microbial isolates. The antimicrobial susceptibility of the isolated bacteria was
analysed using SPSS software.

Results: Out of the 61 wound swabs analysed, 44 (72.1%) were culture-positive, yielding 59 microbial isolates.
The most prevalent bacterial isolates were Staphylococcus aureus (17.1%) followed by Escherichia coli (13.2%).
Linezolid, vancomycin, and teicoplanin exhibited the highest activity against gram-positive bacteria, while ami-
kacin and meropenem demonstrated the most effectiveness against gram-negative bacteria.

Conclusion: Staphylococcus aureus and Escherichia coli were the predominant bacterial isolates in post-surgi-
cal wound infections. Linezolid, vancomycin, and teicoplanin were the most effective drugs against gram-posi-

tive bacteria, while amikacin and meropenem showed optimal efficacy against gram-negative bacteria.
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INTRODUCTION

Surgical site infection (SSI) is an infection
in the surgical site’s wounds within 30 days
after surgery.!” The epidemiology of SSls
varies depending on the type of surgery and
the country.? It is influenced by patient-
related, preoperative, intraoperative, and post-
operative risk factors.” The CDC classifies
wounds into four categories: clean, clean/
contaminated, contaminated, and dirty/
infected.”) Clean operations exclude those
involving the gastrointestinal, genital, urinary,

or respiratory tracts.” Clean-contaminated
operations occur when respiratory, alimentary,
genital, or urinary tracts are entered under
controlled conditions and without unusual
contamination; no evidence of infection or
major break in technique is encountered.”
Contaminated operations include those where
there is acute inflammation, infected bile or
urine, gross spillage from the gastrointestinal
tract, and fresh traumatic wounds.”’ Dirty
operations usually result from inadequate
treatment of traumatic wounds, gross

a: B pharm, Practitioner pharmacist. Al-Nu'man General Hospital. Al-Russafa Health Directorate, Baghdad, Iraq. b: FICMS,
Orthopedic surgery specialist. Al-Nu'man general hospital. Al-Russafa Health Directorate, Baghdad, Irag. c: FIBMS, Otolaryngol-
ogy surgery Specialist, AI-Nu’'man general hospital. Al-Russafa Health Directorate, Baghdad, Iraq.

Corresponding Author: Ruqaya Khaleel Muhammed, E mail: Ruqgayasuadad136 @gmail.com.

100

Iraqi New Medical Journal | July 2024 | Volume 10 | Number 20



Rugaya Khaleel Muhammed, Muhammed Hazim Muhammed, 8 Mustafa Salman Hamid

purulence, and evident infections such as
perforated diverticulitis and necrotising soft
tissue infections.”®! Surgical site infections
range from minor wound discharge to
osteomyelitis.”) Carelessness may occur from
surgical prophylaxis to patient discharge.
Factors such as extended surgical prophylaxis,
underestimation of signs and symptoms,
omission of source control, inappropriate
collection of wound swabs, improper use of
clinical microbiology and pharmacology, lack of
hygiene measures, and delay in discharge may
lead to poor outcomes.!*’!

The risk for SSlIs in gastroduodenal
surgery increases with conditions such as
obstruction, haemorrhage, or malignancy.*"
Bile contamination in hepatobiliary surgery can
increase the frequency of SSls and is present
in many patients, such as those with acute
cholecystitis or biliary obstruction and those of
advanced age.'! Laparoscopic rectal surgery
carries a greater risk of wound infection than
colonic surgery.*?! Laparoscopic rectal surgery
involving abdominoperineal resection, patients
with higher BMI, and chemoradiotherapy
require careful observation in wound care and
countermeasures against wound infection.?
The second most frequent cause of maternal
mortality in obstetrics and gynaecology after
postpartum haemorrhage is infection.*®
Emergency cesarean section is a significant
risk factor for surgical site infection.*
Pregestational obesity, preexisting psychiatric
conditions, and blood transfusion during or
following delivery are independent risk factors
for surgical site infection.' Orthopaedic
surgical sites mainly include spinal, joint, and
trauma surgeries.!"”! SSls can be categorised as
superficial, deep, periprosthetic joint infections
or severe complications after joint surgery.'*”!

The data analysis revealed that the mean
weekly counts of the top 3 most frequently
reported organisms from 2011 to 2015
in England, Wales and Northern Ireland
were  Chlamydia trachomatis, Escherichia
coli and Staphylococcus aureus.*®’ An annual
epidemiological report for surgical site
infections from the European Centre for

Disease Prevention and Control showed that
the most common micro-organisms identified
in SSIs from 13 European Union/European
Economic Area (EU/EEA) countries from 2013
to 2014 were Staphylococcus aureus, Escherichia
coli, Acinetobacter species, Bacteroides species
and Candida species."”!

A study carried out to determine the
prevalence of bacterial pathogens causing
wound infection in surgical wards and to
determine the antimicrobial sensitivity
patterns of the isolated bacteriain tertiary care
hospitals of Peshawar, Pakistan, concluded that
E. coli and S. aureus were the most commonly
isolated pathogens, followed by Pseudomonas
aeruginosa and Klebsiella pneumoniae. linezolid,
vancomycin, amoxicillin, cefoperazone, and
meropenem are the most effective antibiotics
for treating post-surgical wound infections.
181 The Clinical and Laboratory Standards
Institute (CLSI) Subcommittee on Antimicrobial
Susceptibility Testing (AST SC) develops
and publishes standards and guidelines,
among other products, for antimicrobial
susceptibility testing (AST) methods and
results interpretation in the United States and
internationally.””) The rationale for choosing
this topic is to make healthcare professionals
dealing with wound management aware of the
importance of wound infection and help them
choose adequate treatment options to control
microbial infection in wounds. This study
aims to identify the micro-organisms causing
surgical site infection and their susceptibility
patterns towards the common antibiotics in
surgical wards at Al-Nu’man General Hospital.

METHODS

Setting and study design: A hospital-based
retrospective analytic cross-sectional study
was conducted at Al-Nu’'man General Hospital
in Baghdad, Iraq, from the 1%t of July 2023 to the
1%t of January 2024.

Ethical consideration: Preliminary approval
was obtained from Al-Nu’'man General Hospital
to use the datarecorded. The research protocol
was approved by the research committee in
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Baghdad/Al-Russafa Health Directorate.

Definition of the enrollment criteria: We
included the records of all patients with post-
operative infected wounds who had undergone
surgical procedures in general surgery,
obstetrics and gynaecology, and orthopaedic
departments of Al-Nu’'man General Hospital
during 2022. Data from Patients with traumatic
wounds, diabetic foot ulcers, and pressure
ulcers were excluded. Datawere retrieved from
the bacteriological records of the microbiology
laboratory of the hospital.

Sampling: We used all recorded patients who
fulfil the inclusion criteria.

Data collection; variables, outcomes and
procedures: Data were collected by reviewing
the records of the bacteriology laboratory
during 2022. Data retrieved from the records
included demographic characteristics of the
patients, like patient’s name, age, sex, and
ward of admission, and bacteriological results
like Gram stain results, results of bacterial
wound culture and the susceptibility results
to antibiotics. Our laboratory depends on
CLSI and United Kingdom Standard Operating
Procedures (UK SOPs) protocols.

Accordingly, a fresh swab is collected
from the infected surgical wound. Next, it is
evenly spreads the most purulent portion
of the specimen onto a clean slide using a
bacteriological loop. Then, the smear is fixed
with heat and stained with Gram stain. The
slide is then examined using the oil immersion
technique to detect polymorphonuclear
granulocytes, gram-positive cocci, and gram-
negative rods. When fungal infection is
suspected, a wet preparation is examined.
Candida or other yeast calls, which are seen
as Gram-positive budding spheres, often form
branched pseudomycelia under microscopic
examination. Anaerobes studies are not
routinely conducted, especially during the
study period. If the pus is thick, it is thinned with
adrop of saline.

Specimens are inoculated onto a blood agar
plate to isolate staphylococci, a MacConkey
agar plate to isolate Gram-negative rods, and

Sabouraud agar for yeast or fungal organisms.
Plates were incubated at 37 °C for 24-48
hours for aerobic and facultative organisms.
Identifying specific micro-organisms was done
using a biochemical test and VITEK 2 system.
The antibiotic susceptibility pattern for each
bacterial isolate is determined using the disc
diffusion method and Vitek 2 susceptibility
testing cards and interpretation was done
according to Clinical Laboratory Standards
Institute (CLSI) guidelines.

Penicillin G (Pen G) (10 units), tetracycline
(TET) (30pg), erythromycin (ERY) (15pg),
clindamycin (CLI) (2ug), gentamicin (GEN)
(10pg), levofloxacin (LVX) (5pg), vancomycin
(VAN) (5pg), teicoplanin (TEC) (30upg),
linezolid (LZD) (30ug) were used for Gram-
positive  isolates.  Piperacillin-tazobactam
(PTZ) (100/10upg) , ceftazidime (CAZ) (30ug),
cefepime (FEP) (30 pg), Imipenem (IPM) (10ug),
meropenem (MEM) (10 pg), gentamicin (GEN)
(10 pg), amikacin (AMK) (30 pg ), ciprofloxacin
(CIP) (5 pg), levofloxacin (LVX) (5ug) were
used for Gram-negative isolates. We depend
on Minimum inhibitory concentration (MIC)
to identify the presence of sensitivity and
resistance according to CLSI. Isolation of
normal flora is considered no growth or
negative results according to our laboratory
protocol.

Statistical Analysis: We used Statistical
Packages for Social Sciences (SPSS) 23.0

Table 1| Characteristics of patients, n(%)

Patients characteristics No. of patients (%)

Age (years) Mean+ SD (41.786+18.812)
17-30 21 344
31-40 12 19.8
41-59 14 22.9
260 14 22.9
Gender

Male 31 50.8
Female 30 49.2
Ward

Orthopedics 19 31.1
General Surgery 27 44.3
Obstetrics and gynaecology 15 24.6
The total 61 100.0
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Table 2| Microbiological examination result based on characteristics of the patient

Microbiological examination result, n (%)

Patients’ characteristics Gram-positive Gram-negative No growth Fungi Total P value
bacteria (n=20) bacteria (n=38) (n=17) (n=1) (n=76)

Age
17-30 5(25.0%) 13(34.2%) 6(35.3%) 0(0.0%) 24(31.6%) 0.380
31-40 6(30.0%) 6(15.8%) 3(17.6%) 1(100.0%)  16(21.1%)
41-59 7(35.0%) 7(18.4%) 4(23.5%) 0(0.0%) 18(23.7%)
260 2(10.0%) 12(31.6%) 4(23.5%) 0(0.0%) 18(23.7%)

Gender
Male 12(60.0%) 15(39.5%) 11(64.7%) 0(0.0%) 38(50.0%) 0.175
Female 8(40.0%) 23(60.5%) 6(35.3%) 1(100.0%)  38(50.0%)

Ward Type
Orthopedics 5(25.0%) 13(34.2%) 5(29.4%) 1(100.0%)  24(31.6%) 0.394
General Surgery 10(50.0%) 13(34.2%) 10(58.8%) 0(0.0%) 33(43.4%)
Obstetrics and gynecology 5(25.0%) 12(31.6%) 2(11.8%) 0(0.0%) 19(25.0%)

Overall 20(100.0%) 38(100.0%) 17(100.0%) 1(100.0%)  76(100.0%)

software to introduce and analyse the data.
Results were presented as frequency and
percentage, and the chi-square test was used
to test the statistical significance. A p-value less
than 0.05% was considered significant.

RESULTS

Characteristics of patients: Of 61 wound swabs
taken, 44 (72.1%) were cultured positively,
yielding 59 microbial isolates; 31 (50.8%)
were male and 30 (49.2%) were female. The

Table 3 | Various organisms isolated from the wound swabs
collected from surgical wounds.

Microbial species isolated No. Percentage (%)
S. aureus 13 17.1
Enterococcus faecalis 6 7.9

E. coli 10 13.2
Klebsiella pneumonia 8 10.5
Proteus mirabilis 6 7.9

P. aeruginosa 7 9.2
Enterobacter cloacae 8 319
Acinetobacter baumannii 3 3.9

S. aglactiae 1 1.3
M. morganii 1 1.3
Candida 1 1.3
No growth 17 224
Overall 76 100.0%

mean age of the patients was (41.786+18.812)
years, ranging from 17-80 years. Twenty seven
patients (44.3%) were in general surgery wards,
19(31.1%) in orthopaedic wards. For other
characteristics of the patients, see Table 1.

Microbiological examination result based
on characteristics of the patients: Out of 61
swabs, 17 (27.9%) yielded no growth, while
the other 44 swabs yielded 59 cultures, as
some patients yielded more than one growth.
Those 59 positive growths were Gram-positive
20 (33.9%), Gram-negative 38 (64.3%) and
Candida spp. only in 1(1.7%). Table 2 shows the
association of growth with age groups, gender,
and wards. There is no statistically significant
association among these variables.

Types of micro-organisms isolated from
surgical wounds: Staphylococcus aureus (S.
aureus) 13 (17.1%) and Enterococcus faecalis (E.
faecalis) 6 (7.9%) and Streptococcus agalactiae
(Str. agalactiae), 1(1.3%) were the most common
gram-positive species detected. On the other
hand,themostcommonbacterialgram-negative
species detected were Escherichia coli (E. coli) 10
(13.2%), Klebsiella pneumonia (K. pneumonia) 8
(10.5%), Pseudomonas aeruginosa (P. aeruginosa)
7 (9.2%), Proteus mirabilis (P. mirabilis) 6
(7.9%), Enterobacter cloacae (E. cloacae) and
Acinetobacter baumannii (A. baumannii) each
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Table 4 | Characteristics of the poly microbial growth of our sample

Type of growth Main microbial species No. of isolates (%) Co-existent pathogen  No. of isolates (%) Total (%)
Polymicrobial S. aureus 2(3.3%) E. faecalis 2(13.3%) 4(5.3%)
Polymicrobial S. aureus 1(1.6%) E. coli 1(6.7%) 2(2.6%)
Monobacterial S. aureus 10(16.4%) NI e 10(13.2%)
Polymicrobial E. coli 3(4.9%) E.faecalis 3(20.0%) 6(7.9%)
Polymicrobial E. coli 1(1.6%) A.baumannii 1(6.7%) 2(2.6%)
Monobacterial E. coli 5(8.2%) Nl - e 5(6.6%)
Polymicrobial P. aeruginosa 2(3.3%) K. pneumonia 2(13.3%) 4(5.3%)
Polymicrobial P. aeruginosa 1(1.6%) E. cloacae 1(6.7%) 2(2.6%)
Monobacterial P. aeruginosa 4(6.6) NI 4(5.3%)
Polymicrobial K. pneumonia 3(4.9%) P. mirabilis 3(20.0%) 6(7.9%)
Monobacterial K. pneumonia 2(3.3%) Nil s 2(2.6%)
Polymicrobial Candida species 1(1.6%) %;:Zﬁzgia 122;:2 3(3.9%)
Monobacterial E. cloacae 2(3.3%) Nl e 2(2.6%)
Monobacterial A.baumannii 2(3.3%) Nl - e 2(2.6%)
Monobacterial E. faecalis 1(1.6%) NIl e 1(1.3%)
Monobacterial Str. agalac-tiae 1(1.6%) NI 1(1.3%)
Monobacterial P. mirabilis 3(4.9%) NI e 3(3.9%)
Nogrowth - wAzZ7s) == === 17(22.4%)
Overall - 61(80.3%) - 15(19.7%) 76(100.0%)
have three isolates representing 3.9 %, withapercentage of 3.9%, Table 4.

Morganella morganii (M. morganii), and Candida
spp., 1(1.3%) for each. See table 3

Types of microbial growth: The presence of
only one species isolated from each sample was
the most frequent 30 (39.5%). Polymicrobial
infection was found in 29(38.2%) of the
infected wounds. In our study, no growth was
found in 17(27.9%) of swabs. The species
most frequently identified in a co-infection
condition were E. coli and E. faecalis (7.9%), as
do K. pneumoniae and P. mirabilis, followed by S.
aureus and E. faecalis (5.3%), P. aeruginosa and K.
pneumonia also hold the same percentage. Only
a triple co-infection was identified and involves
Candida species, M. morganii and K. pneumonia

Drug susceptibility testing for gram-positive
bacteria: Table 5 shows that all S. aureus isolates
13 (100.0%) were resistant to penicillin G. Also,
all Enterococcus faecalis isolates 6 (100.0%) were
resistant to tetracycline and erythromycin.
Vancomycin, teicoplanin and linezolid have
been shown to be active against all Gram-
positive species tested.

Drug susceptibility testing for gram-negative
bacteria: E.coli showed 100% resistance
to ceftazidime, ciprofloxacin, levofloxacin.
Enterobacter cloacae showed 100% resistance
to ceftazidime. All Acinetobacter baumannii
isolates 3 (100.0%) were non-susceptible
to all antimicrobial agents listed or pandrug-

Table 5 | Antibiotic resistance pattern of gram-positive bacteria isolated from patients with infected surgical wounds.

Resistant Isolate for each antibiotics used, No. (%)

Organisms isolated

PenG TET ERY CLI GEN LvX VAN TEC LZD
S.aureus (n=13) 13(100.0) 11(84.6) 8(61.5) 5(38.5) 2(15.4) 3(23.1) 0(0.0) 0(0.0) 0(0.0)
E.faecalis (n=6) 2(33.3) 6(100.0)  6(100.0) NotTested NotTested  2(33.3) 0(0.0) 0(0.0) 0(0.0)
Str. Agalactiae (n=1) 0(0.0) 1(100.0)  1(100.0)  1(100.0)  Not Tested 0(0.0) 0(0.0) 0(0.0) 0(0.0)
overall (n=20) 15(75.0)  18(90.0)  15(75.0) 5(25.0) 2(10.0) 5(25.0) 0(0.0) 0(0.0) 0(0.0)
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Table 6 | Antibiotic resistance pattern of gram-negative bacteria isolated from patients with infected surgical wounds.

Resistant Isolate for each antibiotics used, No. (%)

Organisms isolated

PTZ CAZ FEP IPM MEM GEN AMK CIP LvX

P. aeruginosa (n=7) 2(28.6) 3(42.9) 2(28.6) 3(42.9) 3(42.9) 3(42.9) 2(28.6) 2(28.6) 3(42.9)
E. coli (n=10) 5(50.0) 10(100) 2(20.0) 3(30.0) 1(10.0) 5(50.0) 0(0.0) 10(100) 10(100)
K. pneumonia (n=8) 4(50.0) 6(75.0) 5(62.5) 4(50.0) 3(37.5) 2(37.5) 2(25.0) 4(50.0) 5(62.5)
P. mirabilis (n=6) 2(33.3) 4(66.7) 2(33.3) 3(50.0) 1(16.7) 4(66.7) 0(0.0) 3(50.0) 5(83.3)
E. cloacae (n=3) 1(33.3) 3(100) 2(66.7) 2(66.7) 1(33.3) 2(66.7) 0(0.0) 2(66.7) 2(66.7)
A. baumannii (n=3) 3(100) 3(100) 3(100) 3(100) 3(100) 3(100) 3(100) 3(100) 3(100)
M. morganii (n=1) 0(0.0) 0(0.0) 0(0.0) 1(100.0) 0(0.0) 1(100.0) 0(0.0) 0(0.0) 0(0.0)
Overall (n=38) 17(44.7)  29(76.3)  16(42.1) 19(50.0) 12(31.6)  20(52.6) 7(18.4) 24(63.2)  28(73.7)

resistant (PDR). Drug resistance of overall
Gram-negative bacilli irrespective of species
was 17(45.9%) to piperacillin-tazobactam,
16(43.2%) cefepime 29(78.4%), to ceftazidime,
29.6%to cefoperazone, 18(48.6%) to imipenem,
18(48.6%) to meropenem, 19(51.4%) to
gentamicin; 7(18.9%) to amikacin, 49.6%
to tetracycline, 24(64.9%) to ciprofloxacin
and 28(75.7%) to levofloxacin. Amikacin and
meropenem have been shown to be active
against all Gram-positive species tested. See
table 6.

DISCUSSION

Nosocomial infections (NIs) are infections
among patients admitted to hospitals and are
associated with different toxins or infectious
agents.” Infectious agents that cause Nls are
prone to resistance to some antibiotics. The
main mechanisms of resistance include limiting
the uptake of a drug, modification of a drug
target, inactivation of a drug, and active efflux
of adrug.”"

In our study, the most common isolates
were S. aureus, followed by E. coli, Klebsiella
pheumoniae, and Pseudomonas spp.,
accounting for 13 (17.1%), 10 (13.2%), 8
(10.5%), and 7 (9.2%) cases, respectively. These
results are consistent with those reported in a
study conducted at Nil Ratan Sircar Medical
College, Kolkata, West Bengal.”?! and Jordan.
1231 on the contrary, loannou et al., ** in a study
fromatertiary hospital in Greece have reported

that Enterococcus is the most common Gram-
positive bacteria. Our study found Escherichia
coli, the predominant Gram-negative bacteria
involved in SSI, 10 (13.2%). Meanwhile,
Giacometti *°! from Italy found Pseudomonas
spp. to be the most prominent bacteria.

We detected one culture of Group B
Streptococcus (GBS) strain, which was sensitive
to penicillin, vancomycin and linezolid but
resistant to erythromycin, tetracycline, and
clindamycin. This matches what Heelan found,
where GBS strains were also susceptible
to penicillin and vancomycin, with some
susceptibility to tetracycline. However, unlike
their study, our strain showed complete
resistance to tetracycline.*?!

In our study, Staphylococcal isolates
were completely resistant to penicillin and
showed low resistance to gentamicin. Similar
findings were found in a retrospective study of
bacteriology and antibiotic sensitivity patterns
of post-operative surgical site infections in
orthopaedics.””) Additionally, S. aureus in our
series was highly resistant to tetracycline,
similar to that reported by Mengesha R et al.*®!
In general, we found that all Gram-positive
isolates were susceptible to vancomycin and
linezolid, consistent with that reported by
Bessa et al.”’l However, a study from Rizgary
Teaching Hospital in Erbil, in the Kurdistan
Region of Iraqg, has shown that Gram-positive
bacteria were resistant to vancomycin in
60% and teicoplanin in 20%, but sensitive to
linezolid.*"!
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Staphylococcus  aureus is naturally
susceptible to virtually every antibiotic that
has ever been developed. Resistance is often
acquired by horizontal transfer to genes
from outside sources, although chromosomal
mutation and antibiotic selection are also
important.l*'! Resistance to penicillin, the first
antibiotic determined to be effective against
S. aureus, was reported only one year after the
introduction of the drug into clinical practice.”*?!
Equally rapid was the development of resistance
to other antibiotics that were progressively
entering clinical use, such as erythromycin,
streptomycin, and tetracyclines.*?

The development of semisynthetic
penicillins, such as methicillin, oxacillin,
cloxacillin, dicloxacillin, and nafcillin, stable
to degradation by the S. aureus penicillinase
enzyme, seemed to solve the problem.®
However, increased use of methicillin and
related antimicrobials has resulted in S. aureus,
resistant to several 3-lactam antibiotics, such
as methicillin and oxacillin.** These strains are
known as methicillin-resistant S. aureus (MRSA).
Vancomycin has been the agent of choice for
empiric treatment of life-threatening MRSA
infections for decades.****! However, the
clinical isolates of S. aureus with intermediate
and complete resistance to vancomycin have
emerged within the past two decades and
have become a serious public health concern.
1351 Linezolid, the first oxazolidinone used
clinically, effectively treats infections caused by
Gram-positive pathogens, including multidrug-
resistant enterococci and methicillin-resistant
Staphylococcus aureus.*°)

We found that Enterococcus isolates
showed complete resistance to tetracycline.
A study of the bacteriological profile of
surgical site infections and their antibiotic
resistance in Sangli District, Maharashtra,
India, demonstrated a high degree of resistance
among enterococcus isolates to tetracycline.
[571 " Additionally, our enterococcal isolates
were resistant to erythromycin. Similar to that
reported by Stefania from Italy.*®! In our study,
all enterococcus isolates were highly sensitive
to vancomycin and linezolid. These results are

consistent with that reported by a study from
India about the microbiology and antibiotic
sensitivity patterns of surgical site infection
following caesarean section in a tertiary-care
centre in Chhattisgarh.l*!

Ampicillin and penicillin are the most active
B-lactams against enterococci, preventing
peptidoglycan synthesis.*! Monotherapy with
aminopenicillins is imperfect.“") Synergistic
antibiotics that act in conjunction with
ampicillin have been studied in depth to help
combat enterococcal infections.*!!  Many
strains of enterococci are inhibited and rapidly
killed by low concentrations of penicillin when
combined with an aminoglycoside.*? Increased
antimicrobial resistance among Enterococcus
spp. is a serious health problem universally.**!
Multi-drug resistant (MDR) enterococci are
major nosocomial pathogens causing serious
problems frequently in hospitalised patients./**

Enterococcus faecalis isolates are resistant
to clindamycin (CLI), which is thought to be a
species feature.*”! Disarrangement of a gene
abc-23, now designated Isa, for lincosamide
and streptogramin A resistance of E. faecalis
was related to resistance to clindamycin.*”!
According to Clinical and Laboratory Standards
Institute (CLSI) guidance, aminoglycosides,
except for high-level resistance testing and
clindamycin, may appear active in vitro. Still,
they are ineffective clinically and should not
be reported as susceptible.*’! High resistance
among Enterococcus to erythromycin and
tetracycline was documented.”” Changes
at the ribosomal level were more frequently
detected in erythromycin and tetracycline
resistance than in efflux systems./’!

The evolution of nosocomial (hospital-
acquired) strains of Gram-negative bacilli like
Pseudomonas and Klebsiella spp., Escherichia
coli, and others are often resistant to several
antibiotics, and it has become a serious
medical problem.“® In our study, we found high
resistance to ceftazidime, which is consistent
with the findings of a study about the antibiotic
resistance of gram-negative bacteria that cause
surgical site infections in tertiary hospitals.
49l Amikacin was the drug of choice for gram-
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negative bacterial isolates, as shown by a study
to determine antibiotic susceptibility patterns

of bacterial pathogens of surgical site infection.
[50]

In our study, amikacin demonstrated greater
efficacy compared to meropenem. In contrast,
a study conducted by Negi V et al. reported
that meropenem was more effective than
amikacin.®*’ Moreover, our study found that
meropenem was more effective than imipenem
against Gram-negative bacteria. This finding is
consistent with a study conducted by Worku S
et al.l”?

Our study showed that gram-negative
bacteriawerehighlyresistantto cephalosporins
and fluoroquinolones. In contrast to our
findings, a study conducted by Njoku CO et al
reported that Gram-negative isolates were
moderately resistant to fluoroquinolones.”*!
at the same time, another study in southwest
Nigeriaobservedthattheywere highly sensitive
to cephalosporins and fluoroquinolones.**

Multi-drug resistance in Escherichia coli
has become a worrying problem that is
increasingly shown in humans worldwide.'*”!
The most important mechanism for resistance
is the acquisition of genes coding for extended-
spectrum R-lactamases.”®! In our series, the
most effective antibiotics against Escherichia
coli were amikacin and meropenem; a study
conducted by Ali MJ and Ali LA revealed a
different pattern. In their investigation of
antibiotic sensitivity among bacteria causing
surgical site infections in various hospitals
in Kirkuk, Irag, they found that the most
effective antibiotic against Escherichia coli was
ciprofloxacin, followed by amikacin.*¢

Acinetobacter species and Pseudomonas
deruginosa are emerging as pathogens that
frequently cause infections in patients in
intensive care units.””! Foremost among the
mechanisms of resistance in both of these
pathogens is the production of B-lactamases
and  aminoglycoside-modifying  enzymes.
1581 Additionally, diminished expression of
outer membrane proteins, mutations in
topoisomerases, and up-regulation of efflux
pumps play an important role in antibiotic

resistance.”®! Enterobacter cloacae exhibits
a high frequency of enzymatic resistance to
broad-spectrum cephalosporins.*?! Resistance
of Enterobacter spp. to third-generation
cephalosporins is most typically caused by
overproduction of AmpC B-lactamases.””!

Limitations: Due to a lack of data regarding the
risk factors and details of surgical operations
that may affect the development of SSI, we could
not include them in the analysis. Anaerobic
bacterial cultures were also not included
because they were not routinely performed at
our hospital during the study period due to a
lack of resources. The overall sample size was
relatively small, making statistical analysis for
some parameters difficult.

CONCLUSION

S. aureus was the most common bacteria
isolated from SSI, followed by E.coli. Linezolid,
vancomycin and teicoplanin were the most
active drugs against gram-positive bacteria.
On the other hand, amikacin and meropenem
were the most active drugs against gram-
negative bacteria. Knowledge of the successful
treatment of bacterial wound infection is of
greatimportance. Bacteriological and antibiotic
susceptibility studies are significant tools for
treating infections promptly and effectively
to reduce undesirable long-term sequelae of
surgical site infections.
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