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Abstract

Postoperative wound infections are infections at the site of the operation within thirty days of surgery.
Postoperative infections are a major problem worldwide, leading to increased morbidity and mortality.
This study was conducted to determine the prevalence of bacterial pathogens that cause wounds
infection in operating theater and antimicrobial susceptibility patterns of isolated bacteria. This
experimental study was conducted among patients admitted in different surgical ward rooms at a
Tertiary Care Hospital, Peshawar. A total of 110 patients were included in the study using the non-
probability adjusted sampling technique. The data was collected through a structured questionnaire
from February to June 2022. Out of 110 pus samples 64 pus samples were positive. Out of these 64
positive samples, 51 (46.36%) yielded gram-negative and 13 (11.81%) yielded gram-negative positive
bacteria. In gram negative bacterial isolates, the most common isolates were E. coli, followed by
Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas aeruginosa, Citrobacter, and in gram
positive isolates the coagulase negative staphylococci were 8 (61.53%) and coagulase positive
Staphylococci were 5 (38.46%). The most effective antibiotics against gram-negative strains were
found to be Tobramycin (96.29%) followed by Gentamicin (50.89%). In the case of gram-positive
strains, Teicoplanin and Vancomycin exhibited 100% effectiveness. In conclusion, our study highlights
gram-negative bacteria, especially E. coli, in Peshawar's post-surgical wound infections. Tobramycin's
efficacy and ESBL gene presence underscore the need for targeted treatments.
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Introduction

Postoperative wound infections are operative
site infections within 30 days of a surgical
procedure involving a surgical incision made
in the skin, flesh, or deeper tissues at the
surgical site mostly between the fifth and
tenth day after surgery [1]. Postoperative
infections are a major problem worldwide
leading to increased morbidity and mortality.
One of the most prevalent hospitals acquired
infections is surgical wound infection, which
is a significant cause of morbidity and
accounts for 70-80% of death [2, 3].
Surgical Site Infection (SSI) is a form of
healthcare-associated infection that occurs in
hospitals when an individual is admitted for
reasons unrelated to the infection itself.
Healthcare-associated infections are those
acquired within medical facilities, including
hospitals and other healthcare settings [4].
Worldwide, 23% of patients develop surgical
site infections among all surgeries annually.
SSIs pose significant challenges to surgeons
and are recognized as a critical issue in
infection control worldwide. In the United
States, these infections affect approximately
2-5% of patients annually, leading to at least
500,000 infections, causing an additional 3.7
million hospital days, and incurring
approximately $1.6 billion in extra hospital
expenses [5, 6].

The majority of post-operative wound
infections are acquired in hospitals and can
differ not only between different hospitals but
also within the same hospital. These
infections are linked to higher levels of
illness and death. The infection site may be
confined to the suture line or can spread
extensively within the surgical site. The
specific ~ microorganisms  causing the
infection vary depending on the type and
location of the surgery and the antimicrobial
treatments administered to the patient [7].
The incidence of SSIs is higher in developing
countries compared to developed nations.
SSIs make up more than 20% of all
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healthcare-associated infections in patients
undergoing surgery [8]. Bacteriological
studies have shown that both gram-positive
and gram-negative bacteria contribute to the
infection of surgical wounds. Among these
bacteria, Staphylococcus aureus is the most
common, followed by Klebsiella
pneumoniae, Pseudomonas  aeruginosa,
Escherichia coli, Acinetobacter baumannii,
and Proteus mirabilis [9]. In numerous
developing nations, including Pakistan, the
absence of a well-structured surveillance
system to document routine SSIs rates poses
a significant challenge. Several factors
contribute to this shortfall, making the
establishment of an organized surveillance
mechanism a complex undertaking [6].

The infection rate is influenced by several
factors, including skin preparation, wound
contamination, the duration of pre-operative
hospital stays, wound drainage, patient age,
surgery duration, and the skill and technique
of the surgeon. Senior surgeons tend to have
a higher infection rate, which can be
attributed to the complexity and length of the
surgeries they perform. On the other hand,
medical officers have a lower infection rate,
mainly because they handle simpler and less
complicated surgeries [10].

Surgeons face significant challenges due to
the prevalence of multi-drug-resistant
bacteria among these pathogens. The
ongoing struggle between bacteria and their
susceptibility to drugs remains a significant
concern for the general public, researchers,
physicians, and pharmaceutical companies
who are searching for effective solutions. To
combat this issue, various measures have
been proposed, including the development of
new antimicrobial drugs, the enhancement of
infection control programs, and the more
judicious use of existing antimicrobial
agents. Different investigators have put forth
various recommendations regarding the
susceptibility of microorganisms to drugs.
This multifaceted problem requires a
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collaborative effort from various
stakeholders to address and find effective
solutions [11, 12].

In some cases, wounds can get infected with
methicillin-resistant Staphylococcus aureus
(MRSA), which is resistant to commonly
used antibiotics. However, vancomycin and
linezolid have shown susceptibility against
all gram-positive bacteria. On the other hand,
gram-negative bacteria exhibited substantial
resistance to the majority of antibiotics, with
amikacin being the most effective against
these types of bacteria. This highlights the
importance of judicious use of antibiotics and
the need for continued research to develop
new and effective antimicrobial strategies to
combat antibiotic-resistant bacteria [13-15].
Materials AND Methods

Study location and period

The present study was carried out in the MLT
Laboratory = of  Medical  Laboratory
Technology Department, Sarhad Institute of
Allied Health Sciences, Sarhad University of
Science and Technology, Peshawar Khyber
Pakhtunkhwa, from February to June 2022.
Samples collection and isolation of
bacteria

Clinical samples were collected from surgical
ward of a Tertiary Care Hospital, Peshawar
using commercially available sterile cotton
swabs. A total 110 samples were collected
through sterile swabs from suspected patients
with apparent signs and symptoms of surgical
wound infection. The swabs were removed
from the tube and the sample was collected
from surgical wound by rotating the swabs
180 degree back and forth. After swabbing,
the swabs were inserted back into the tubes
and samples were labeled properly. The
cotton swabs that were collected were evenly
spread onto Blood agar, MacConkey agar,
and Mannitol Salt Agar (MSA) within a
controlled laboratory environment.
Subsequently, these agar plates were
subjected to an incubation period at a
temperature of 37°C for a duration ranging
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between 15 to 24 hours. The results after
incubation were meticulously documented,
and the same procedural steps were
systematically repeated for each of the
collected swabs.

Biochemical identification of the bacterial
isolates

In order to identify and classify the bacterial
isolates, a set of biochemical tests involving
microscopic examination and various assays
were conducted. These included the Gram
staining, Catalase test, Oxidase test,
Coagulase test, Citrate test, and the
utilization of Triple Sugar Iron agar. These
tests were systematically employed to
ascertain the presence or absence of specific
enzymes within the isolated bacterial
specimens.

Antibiotics sensitivity testing

To determine the antibiotic susceptibility
patterns of the bacterial isolates, the Kirby-
Bauer disc diffusion method was employed,
assessing their response to a selection of
antibiotics. Cultures incubated between 18 to
24 hours, initially grown in nutrient broth,
were compared with a standard reference of
0.5 McFarland's. In cases where the culture
appeared turbid, sterile normal saline was
employed for sample dilution. The resulting
culture suspension was then evenly spread
onto sterile Muller-Hinton Agar plates, and
antibiotic discs were placed onto the agar
surface. Subsequently, all plates were
subjected to an incubation period at 37°C for
24 hours. The day after inhibition zones were
measured in millimeters (mm) using a
calibrated scale. The results were interpreted
in accordance with the guidelines provided
by the Clinical and Laboratory Standards
Institute (CLSI, 2022), classifying antibiotic
susceptibility as sensitive, intermediate, or
resistant for each individual antibiotic.
Specific antibiotics for both gram-negative
and gram-positive bacteria are detailed in
(Table 1).
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Multiple Antibiotic Resistance Index
(MARI)

The MAR (Multiple Antibiotic Resistance)
index serves as a reliable, valid, and
straightforward approach for gauging the
prevalence of drug resistance within a
collection of bacterial isolates. Determination
of MAR index followed the procedure, in
which the number of antibiotics an isolate is
resistant to (a) is divided by the total number
of the antibiotics used in the study (b). The
calculating formula is shown below:

MDR Index = a/b

If the MAR index exceeds 0.2, it indicates
that the primary source of contamination risk
is in environments where antibiotics are
frequently employed.

Detection of ESBL resistant genes
Polymerase Chain Reaction was used to
detect antibiotic resistance genes in isolates
at the Medical Laboratory Technology
Laboratory, SIAHS, SUIT, Peshawar, Khyber
Pakhtunkhwa. For the detection of blacrx-mi,
blasyy and blaress DNA was extracted with
the help of centrifugation and the extracted
DNA was used as a template. PCR was
performed under optimized PCR conditions.
PCR reaction mixture (25ul) was prepared
containing Master Mix 5 pl, forward and
reverse primers Iul each, Nuclease-free
water 13ul and template DNA 5pl. An
identified positive strain was used as positive
control. While PCR reaction lacking template
DNA was used as negative control. The PCR
reaction was performed in a Thermal cycler
(Bio-Rad T100, California, USA). Each PCR
run  was followed by agarose gel
electrophoresis (Invitrogen, UK). In all the
experimental works, a 1.5% agarose gel
prepared in 1xTAE was wused. Gel
electrophoresis was performed for 45 min at
100 V. 100bp DNA ladder (Fermentas,
Lithuania) was loaded together with the PCR
products as a size marker. The primer
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sequences are presented in (Table 2).
Results

Overall prevalence of positive samples

A total of 110 samples were collected from
suspected patients. In 110 pus samples, 64
(58.18%) resulted in microbial growth, while
in 46 pus samples (41.81%) no growth was
observed.

Demographic  sketches of patients,
comorbid conditions, polymicrobial status
and prevalence of bacteria in post-surgical
wound infections

In our study, the majority of the study
population were females 78 (70.90%) while
32 (29.09%) were males. Male to female ratio
was recorded to be 16:39. The age of patients
ranged from 14 years to 80 years in which the
infection rate was comparatively high i.e.,
40.62% in the age group of 21-40 followed
by 26.56% in 41-60 years of age group as
presented in (Table 3). Higher number of
patients having surgical wounds infections
(54.68%) were found to have diabetes while
46.31% were non-diabetic.

Out of 110 pus samples, 64 (58.18%) resulted
in microbial growth, while in 46 pus samples
(41.81%) no growth was observed. Out of 64
positive samples 13 (20.23%) showed more
than one type of colony on blood and
MacConkey agar suggestive of microbial
growth of pathogens. Total 64 pus samples
were positive. Out of the 64 positive samples,
51 (46.36%) were gram-negative and 13
(11.811%) were gram positive. Wound
culture yielded of gram-negative E. coli 64
(50.39%), followed by Acinetobacter
baumannii 21  (16.53%), Klebsiella
pneumoniae 18 (14.17%), Pseudomonas
aeruginosa. 9 (7.08%), Citrobacter 2
(1.57%). Among gram-positive bacteria,
coagulase-negative staphylococci accounted
for 8 cases (61.53%), while coagulase-
positive staphylococci were identified in 5
cases (38.46%).
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Table 1. Breakpoints of Antibiotics used for gram positive and gram-negative bacterial
isolates

Breakpoints of antibiotics used for gram positive strains
Antibiotics .. . Resistant Intermediate | Sensitive
Abbreviations Potencies
(mm) (mm) (mm)
Tetracycline TE 30 ug <14 15-18 >19
Teicoplanin TEC 30 ug <2 NA >2
Vancomycin VA 30 pug NA NA NA
Chloramphenicol C 30 ug <12 13-17 >18
Linezolid LZD 30 ug <20 NA >21
Cefoxitin FOX 30 ug <21 NA >22
Clindamycin DA 2ug <14 15-20 >21
Clarithromycin CLR 15 ng <13 14-17 >18
Breakpoints of antibiotics used for gram positive strains
Ciprofloxacin CIP S5ug <21 22-25 >26
Ceftriaxone CRO 30 ug <19 20-22 >23
Cotrimoxazole SXT 25 g <10 11-15 >16
Meropenem MEM 10 ug <19 20-22 >23
Doxycycline DO 30 ug <10 12-13 >14
Eipraciitin- TZP 110 pg <17 18-20 >21
Amoxicillin AMC 30 pg <13 14-17 >18
Ampicillin AMP 10 pg <13 14-16 >17
Gentamicin CN 10 pg <12 13-14 >15
Table 2: Sequence of the primers used for resistance genes amplification through PCR
S. | Prim No of primer Ampllc Anneal
No | ers Sequences nucleotides | ™ %7€ ing Tm Ref.
(bp)
1 blacr | F:5-AAAAATCACTGCGCCAGTTC-3' 20 415 60°C [16]
XM R: 5'-AGCTTATTCATCGCCACGTT-3' 20
) blasy | F: 5-AAGCGAAAGCCAGCTGTCG-3". 19 178 54°C (17]
v R: 5-TTCGCTCCAGCTGTTCGTC-3’ 19
3 b ZA‘;TE F; 5"TCCGCTCATGAGACAATAACC-3' 21 206 s4°C | i8]
R; 5-TAATACCGCACCACATAGCAG-3' 22

Table 3: Age and Sex distribution of patients with SSIs

Age in years Male Female Overall
N (%) N (%) (n=64)
0-20 4 (6.25%) 2 (3.12%) 6 (9.37%)
21-40 10 (15.62%) 16 (25.00%) 26 (40.62%)
41-60 4 (6.25%) 13 (20.31%) 17 (26.56%)
61-80 2 (3.12%) 13 (20.31%) 15 (23.43%)
Total 20 (31.25%) 44 (68.75%) 64 (100%)
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The antibiotic susceptibility profiles of
gram-negative bacterial isolates from
post-surgical wound infections

The susceptibility pattern of the pathogens to
the different antibiotics differed with respect
to the isolates, E. coli (n=63), Klebsiella
pneumoniae (n=18), Pseudomonas
aeruginosa (n=9), Acinetobacter baumannii
(n=21) and Citrobacter spp (n=2) isolated
from surgical site infection were being

subjected to antimicrobial susceptibility
testing.
Tobramycin  demonstrated  remarkable

effectiveness against most of the E. coli
isolates, with a susceptibility rate of 73.01%,
followed by  Meropenem  (61.90%),
Gentamicin (52.38%), Pipracillin-
Tazobactam (34.92%), and Doxycycline
(31.72%). Conversely, Ampicillin exhibited a
significantly high resistance rate (100%)
among the E. coli isolates, followed closely

by Ceftriaxone (96.82%),
Cefazolin/Cefotaxime (93.65%),
Ciprofloxacin  (85.71%), Cotrimoxazole
(71.81%), and Ceftazidime/Amoxicillin

(71.42%). Notably, a portion of the E. coli
isolates showed intermediate resistance to
Amoxicillin (14.28%) as presented in (Table
4 & Fig. 1).

In the case of Klebsiella pneumoniae isolates,
Tobramycin displayed exceptional efficacy,
boasting an 88.88% susceptibility rate,

followed by  Gentamicin  (72.22%),
Ceftriaxone, Meropenem (50%), and
Cefotaxime and Ceftazidime (38.88%).

Conversely, Cotrimoxazole, Ampicillin, and
Cefazolin exhibited a high resistance rate

(100%) against Klebsiella pneumoniae
isolates, followed by  Ciprofloxacin,
Doxycycline, and Pipracillin-Tazobactam

(72.22%), as well as Cefotaxime and
Ceftazidime (61.11%). Interestingly, some
Klebsiella pneumoniae isolates displayed
intermediate  resistance to Tobramycin

(11.11%) as presented in (Table 4 & Fig. 1).
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Moving on to Pseudomonas aeruginosa
isolates, Tobramycin demonstrated notable
effectiveness, with a susceptibility rate of
77.77%, followed by Pipracillin-Tazobactam
(55.55%). Conversely, Ciprofloxacin,
Amoxicillin, and Ampicillin exhibited a high
resistance rate (100%) against Pseudomonas

aeruginosa isolates, followed by
Ceftriaxone, Cotrimoxazole, Meropenem,
Doxycycline, Gentamicin, Cefazolin,
Cefotaxime, and Ceftazidime (77.77%).

Pipracillin-tazobactam showed intermediate
resistance (44.44%), while Tobramycin
demonstrated the least resistance against
Pseudomonas  aeruginosa  isolates  as
presented in (Table 4 & Fig. 1).
For Acinetobacter baumannii
Doxycycline displayed
effectiveness  (90.04%), followed by
Tobramycin (71.42%) and Gentamicin
(33.33%). In contrast, Ciprofloxacin,
Meropenem, Ampicillin, Cefazolin, and
Ceftazidime exhibited a high resistance rate
(100%) against Acinetobacter baumannii
isolates, followed by Ceftriaxone,
Cotrimoxazole, Pipracillin-tazobactam, and
Cefotaxime (90.47%), as well as Gentamicin
(57.14%). Some Acinetobacter baumannii
isolates displayed intermediate resistance to
Pipracillin-tazobactam and  Gentamicin
(9.52%) as presented in (Table 4).

Lastly, Gentamicin proved highly effective
(100%) against all Citrobacter spp. isolates.
Conversely, Ciprofloxacin, Ceftriaxone,
Cotrimoxazole, Meropenem, Doxycycline,
Pipracillin-tazobactam, Amoxicillin,
Ampicillin, Tobramycin, Cefazolin,
Cefotaxime, and Ceftazidime all exhibited a
high resistance rate (100%) against
Citrobacter isolates. The (Table 4) shows
antibiotic sensitivity profiles of all isolated
gram-negative  bacterial isolates from
wounds.

isolates,
significant
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Multi-Antibiotic Resistant (MAR) Index
for gram negative bacterial isolates

The Multi-Antibiotic Resistant (MAR) Index
serves as a valuable tool for evaluating
antibiotic resistance patterns within bacterial
populations. In our study, the results revealed
that 03 bacterial isolates exhibited a MAR
Index (MARI) of 1, indicating a high level of
resistance to multiple antibiotics.
Additionally, 04 isolate displayed a MARI of
0.92, highlighting a substantial degree of
antibiotic resistance, albeit slightly lower
than the first group. These findings
underscore the presence of diverse antibiotic
resistance phenotypes among the bacterial
isolates in our investigation. MAR Index for
gram negative bacterial isolates as presented
in (Table 5).

The antibiotic susceptibility profile of
gram-Positive bacterial isolate from post-
surgical wound infection.

All Staphylococcus aureus isolates were
resistant Cefoxitin confirming them to be
MRSA. The Teicoplanin and Vancomycin
(100%) were very active against most of the

Table 4: Antibiotic sensitivity profiles of all

Staphylococcus aureus isolates followed by
Linezolid, Tetracycline (84.61%),
Chloramphenicol (69.23%) and Clindamycin
(69.23%). Clarithromycin (15.23%) showed
least activity against Staphylococcus aureus
isolates. Some  Staphylococcus —aureus
isolates showed intermediate resistance to
Clarithromycin (15.23%) as shown in (Table
6 & Fig. 2).

PCR based molecular screening of
resistance genes in bacterial isolates

PCR based molecular screening of beta
lactamase resistance genes was carried out in
24 randomly selected bacterial isolates due to
limited molecular resources. A total of 03
beta-lactam resistance genes were screened
including blarem, blasuy and blacrx-mi. The
most prevalent gene was found to be blacrx-
m1 (41.66%) followed by blarerm (33.33%) as
shown in (Fig. 3). The least prevalent gene
was blasyy whose prevalence was found to be
25%. The prevalence data of beta lactamase
resistance genes is given in (Fig. 3). (Fig. 4-
6) show gel electrophoresis diagrams of
blacrx-mi, blarey and blasuy respectively.

ram-negative bacterial isolates

E. coli K. pneumonia P, aeruginosa A. baumannii Citrobacter spp
Antibiotics N = 64) (N=18) N =09 (N=21) N=02)

R% | 1% | S% | R% | 1% | S% | R% | 1% | S% | R% [I1% | S% | R% [ 1% | S%

CIP 85.71 00 |1428 7222 | 00 |27.78| 100 | 0.0 0.0 100 | 0.0 0.0 100 0.0 0.0
CRO 96.82 | 0.0 3.17 | 50.00 | 0.0 [50.00|77.77 | 0.0 | 2222|9047 | 0.0 | 9.52 100 0.0 0.0
SXT 71.82 | 0.0 |28.57 | 100 0.0 00 |77.77 | 0.0 | 222219047 | 0.0 | 9.52 100 0.0 0.0
MEM 38.09 | 0.0 | 61.90 | 50.00 | 0.0 | 50.00 | 77.77 | 0.0 | 22.22 | 100 | 0.0 0.0 100 0.0 0.0
DO 6825 | 0.0 |31.74 7222 | 0.0 |27.78|77.77| 0.0 | 2222 | 952 | 0.0 | 90.04 | 100 0.0 0.0
TZP 65.07 | 0.0 3492|7222 | 0.0 |27.78 | 4444 | 0.0 | 55.55 ]190.47 |1 9.52| 0.0 100 0.0 0.0
AMC 7142 | 14.28 | 14.28 | 100 0.0 0.0 100 | 0.0 0.0 | 8095 | 0.0 | 19.04 | 100 0.0 0.0
CN 47.61 00 |5238 2778 | 0.0 |7222|77.77] 0.0 |2222|57.14 |9.52 3333 ] 0.0 0.0 100
TOB 2698 | 851 | 73.01 | 0.0 | 11.11 | 88.88 |22.22 | 0.0 | 77.77 | 2857 | 0.0 | 71.42 | 100 0.0 0.0
KZ 93.65 | 0.0 6.34 100 0.0 00 | 77771 0.0 | 2222 | 100 | 0.0 0.0 100 0.0 0.0
AMP 100 0.0 0.0 100 0.0 0.0 100 | 0.0 0.0 100 | 0.0 0.0 100 0.0 0.0
CTX 93.65 | 0.0 634 | 61.11 | 00 [38.88|77.77| 0.0 | 2222|9047 | 0.0 | 952 | 100 0.0 0.0
CAZ 7142 | 794 120.63 | 61.11 | 0.0 |38.88 | 77.77| 0.0 | 2222 | 100 | 0.0 0.0 100 0.0 0.0
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Table 5: Multi-Antibiotic Resistant (MAR) Index for gram-negative bacterial isolates

Antibiotics No of isolates | MARI
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, MEM, DO, CN, TOB 03 1

AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, MEM, DO, TOB 01 0.92
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, MEM, CN, TOB 02 0.92
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, MEM, DO, CN, 01 0.92
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, MEM, TOB 01 0.84
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, MEM, DO, 02 0.84
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, MEM, CN, 03 0.84
AMP, KZ, CIP, CTX, CRO, AMC, CAZ, TZP, MEM, DO, TOB 01 0.84
AMP, KZ, CIP, CTX, CRO, SXT, CAZ, TZP, MEM, CN, TOB 01 0.84
AMP, KZ, CIP, CTX, CRO, SXT, AMC, TZP, MEM, DO, TOB 01 0.84
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, CN, TOB 01 0.84
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, DO, TOB, 01 0.84
AMP, K7, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, DO, CN 01 0.84
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, MEM, 04 0.76
AMP, KZ, CIP, CTX, CRO, AMC, CAZ, TZP, MEM, DO, 01 0.76
AMP, KZ, CIP, CTX, CRO, SXT, AMC, CAZ, TZP, DO, 01 0.76
AMP, KZ, CTX, SXT, AMC, CAZ, TZP, MEM, DO, CN, 01 0.76
AMP, KZ, CIP, CRO, SXT, CAZ, TZP, MEM, DO, CN, 01 0.76
AMP, KZ, CIP, CTX, CRO, SXT, TZP, DO, CN, TOB 01 0.76
AMP, CIP, CRO, SXT, DO, CN, KZ, AMP, CTX, CAZ 01 0.76
AMP, KZ, CIP, CTX, CRO, AMC, CAZ, TZP, MEM, 02 0.69
AMP, K7, CIP, CTX, CRO, SXT, AMC, DO, CN, 01 0.69
AMP, KZ, CIP, CTX, CRO, SXT, CAZ, TZP, CN, 01 0.69
AMP, KZ, CIP, CTX, CRO, CAZ, TZP, DO, CN, 01 0.69
AMP, KZ, CIP, CTX, SXT, AMC, CAZ, DO, CN, 01 0.69
AMP, KZ, CTX, CRO, SXT, AMC, CAZ, TZP, 01 0.61
AMP, KZ, CIP, CTX, CRO, AMC, CAZ, TZP, 01 0.61
AMP, KZ, CIP, CTX, CRO, SXT, AMC, DO, 01 0.61
AMP, KZ, CIP, SXT, AMC, TZP, MEM, DO, 01 0.61
AMP, KZ, CTX, CRO, SXT, AMC, DO, CN, 01 0.61
AMP, KZ, CTX, CRO, AMC, CAZ, TZP, 01 0.53
AMP, KZ, CIP, CRO, SXT, AMC, CAZ, 01 0.53
AMP, KZ, CIP, CTX, CRO, SXT, CAZ, 01 0.53
AMP, KZ, CTX, SXT, CAZ, MEM, CN, 01 0.53
AMP, CIP, CTX, CRO, AMC, DO, CN, 01 0.53
AMP, KZ, CIP, CTX, CRO, SXT, DO 01 0.53
AMP, KZ, CIP, CRO, AMC, MEM, 01 0.46
AMP, KZ, CIP, SXT, AMC, DO, 01 0.46
AMP, KZ, CIP, CTX, CAZ, 01 0.38
AMP, KZ, SXT, AMC, DO, 01 0.38
AMP, SXT, AMC, DO, 01 0.30
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Table 6: Antibiotic sensitivity profile of gram-positive bacterial isolates

No | Antibiotics | Resistant (%) | Intermediate (%) | Sensitive (%)
TEC 0.0 0.0 100
VA 0.0 0.0 100
Gram positive C 30.76 0.0 69.23
Bacteria 13 LZD 15.38 0.0 84.61
TE 15.38 0.0 84.61
FOX 100 0.0 0.0
DA 30.76 0.0 69.23
CLR 69.23 15.23 15.38
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Figure 1: Percentage sensitivities of gram-negative bacterial isolates from post-surgical
wound infections
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Figure 2: Diagrammatic representation of antibiotic sensitivity profiles of gram-positive
bacterial isolates
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Figure 3: Percentage Prevalence of TEM, SHV, and CTXM in gram-negative bacterial
isolates from post-surgical wound infections
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Figure 4: Gel electrophoresis diagram of blacrx-u1 gene. M shows 100bp ladder while Lane 3
shows 415bp PCR product of blacrx-m1 gene
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Figure 5: Gel electrophoresis diagram of blareym gene. M shows 100bp ladder while Lane 1
shows 296bp PCR product of blarey gene
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Figure 6: Gel electrophoresis diagram of blasyr gene. M shows 100bp ladder while Lane 2

shows 178bp PCR product of blasyy gene

Discussion

Wound infections are a continuing problem
for many patients in both developing and
developed countries. Infected wounds can
cause great distress in terms of associated
morbidity and mortality, increased length of
hospital admission, delayed wound healing
and increased discomfort and have long been
known to increase healthcare cost
significantly [19]. This study was conducted
with the aim to find prevalence and antibiotic
sensitivity data of bacterial isolates
commonly detected in post-surgical wound
infections in Peshawar region. In this study, a
total of 110 samples were collected and
studied. Out of 110, 64 (58.18%) resulted in
growth over suitable culture media while 46
(41.79%) were negative for any growth.
Similar results have been reported by Giri et
al., 2008 reporting a prevalence of 56.8%
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[20]. The study conducted by Misha et al.,
2021 in Ethiopia reported 71.7% prevalence
which is much higher as compared to our
results [21]. A research study conducted in
Tertiary Care Hospital in Abbottabad
reported 33.38% prevalence of bacterial
isolates in postsurgical wound infections
which is lower than our results [6]. The high
prevalence in our study might be due to
inefficient infection control practice in the
hospital and improper environmental
hygiene.

Consistent with the findings of Hubab et al.,
2018, our current study observed a higher
frequency of gram-negative organisms
compared to gram-positive ones [22]. The
prevalence of gram-negative bacteria,
accounting for 57.9% of the 127 isolated
microbial species from infected wounds,
aligns with similar trends reported in other
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studies [23, 24]. This dominance of gram-
negative bacteria emphasizes the clinical
significance of these pathogens in post-
surgical wound infections. Hubab et al.'s
2018 study [22] and our current findings
collectively underscore a notable shift toward
gram-negative bacterial prevalence in wound
infections. This trend may reflect evolving
microbial patterns or variations in healthcare
settings, highlighting the importance of
ongoing surveillance and understanding
regional epidemiology for effective infection
control strategies. In our investigation, the
higher proportion of gram-negative bacteria
(57.9%) compared to gram-positive bacteria
(36.6%) reaffirms the broader consensus
observed in the literature [23, 24]. The
prevalence of gram-negative organisms in
wounds exhibiting signs of infection suggests
potential challenges in managing and treating
these cases, considering the inherent
resistance mechanisms associated with many
gram-negative pathogens.

In our study, E. coli were the most frequently
isolated pathogens with a prevalence of
(50.30%), followed by Acinetobacter
baumannii (16.53%), Klebsiella pneumoniae
(14.17%), Pseudomonas spp. (7.08%),
Citrobacter spp (1.57%). Similar results were
also recorded by [25]. In another study E. coli
(35.7%) was the most common pathogen
isolated followed by Staphylococcus aureus
(21.4%), Pseudomonas aeruginosa (14.3%),
and Klebsiella pneumoniae (14.3%). E. coli
invasion of the wound is a clear case of poor
hospital hygiene [19, 26]. The difference in
the report might be explained by the
difference in the setting, study population,
hospital environments and poor hospital
hygiene. Most of the surgeries performed
were abdominal surgeries and most cuts were
contaminated which had leakage from the
gastrointestinal tract.

In current study, pus samples were collected
from patients ranging in age from 14 years to
80 years old. Out of 64 culture positive
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samples, highest number of samples was
from the age group (21-40) years (40.62%),
followed by the age group 41-60 (26.56%)
and 61-80 (23.43%). The prevalence of
wound infection was not significantly
affected by age. Similar results were obtained
in a study carried out by Kumari, [27] in Bir
Hospital in which highest prevalence was
found in age group (21-30 years) Raza et al.
[26] also reported high prevalence in age
group (21-40 years) in Nepal. Studies suggest
that aging is associated with an increased risk
of developing some chronic conditions and
delayed recovery.

Out of the total pus samples 64 samples
showed growth, of these, (79.68%) cases
resulted in single type of isolates and
(20.23%) cases showed polymicrobial
growth. The monomicrobial growth was
higher than polymicrobial growth in pus
swabs. The result are in agreement with the
study carried out by Kumari, [27] where
single isolates were observed in (78.3%) of
the cases.

All gram-positive bacterial isolates were
resistant to ampicillin. The reason behind this
could be the irrational use of ampicillin,
which was one of the most used antibiotics
for empiric prophylaxis [28]. The study
conducted in Tertiary Care Hospital of
Northeast India Deka et al. [29] also reported
very high resistance to ampicillin (95.7%)
which is in line with our results.

E. coliisolates were 100% resistant to
Ampicillin. Similar result for Ampicillin
were reported from Ethiopia [30]. E. coli
isolates were also resistant to Ceftriaxone
(96.82%), and Cotrimoxazole, Cefazolin
(93.65%) and Tobramycin (73.01%)
followed by Meropenem (61.90%) which
clearly indicates the irregular use of these
antibiotics in clinical settings as community
practices. In contrast, a study in Uganda by
Anguzu and Olila [31] reported that E.
coli species had 87.05% sensitivity to
Gentamycin. The difference in antibiotics
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susceptibility pattern is due to differences in
geography and sample size of the study. This
data demonstrate that these groups of drugs
can still be recommended for the treatment of
E. coli in SSIs.

Klebsiella pneumoniae isolates showed high
resistance to Cotrimoxazole, Amoxicillin,
Ampicillin and Cefazolin (100%) while
Tobramycin was found to be the drug of

choice against Klebsiella pneumoniae
followed by Gentamycin (72.22%). The
results are in agreement with studies

conducted in Iraq [32] in which the least
sensitive  antibiotic was Amoxicillin
(94.72%) Various research studies have
reported sensitivity Klebsiella pneumoniae
isolates to Meropenem [32, 33].

Most of the Pseudomonas aeruginosa strains
were highly sensitive to Tobramycin
(77.77%) followed by Pipracillin-tazobactam
(55.55%). The Ciprofloxacin, Amoxicillin
and Ampicillin showed 100% resistance to
Pseudomonas aeruginosa. In other study
conducted by Blomberg et al. [34] reported
that Meropenem showed (100%) sensitivity
followed by Tobramycin and Gentamicin
(86%) and the Ampicillin and Doxycycline
showed 100% resistance. The difference in
antibiotics susceptibility pattern is due in
region and sample size. This data
demonstrate that these groups of drugs can
still be recommended for the treatment of
Pseudomonas in SSIs.

All Acinetobacter baumannii 1solates in our
study were highly resistant to majority of
antimicrobial agents tested. Acinetobacter
baumannii showed high (100%) resistance to
Meropenem, Ciprofloxacin and Ampicillin
followed by Ceftriaxone, Cotrimoxazole.
Cefotaxime showed 90.47% resistance. In
our study we found that for SSIs caused by
Acinetobacter baumannii, the drug of choice
is Doxycycline (90.04%) followed by
Tobramycin (71.42%). Similarly results have
been reported by Blomberg et al. [34] in
which Ampicillin and Cotrimoxazole
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showed (100%) resistant.

In our study Citrobacter showed (100%)
resistance to all the antibiotic except
Gentamycin. The 100% multi drug resistance
of Citrobacter has been reported both in
Ethiopia and Pakistan [35, 36]. The reason of
high resistance to all the antibiotic is due to
smaller number of isolates of Citrobacter
bacteria in our study.

In this study, among gram positive isolates,
the most sensitive antibiotic was Tetracycline
and Vancomycin (100%) followed by
Linezolid and Teicoplanin  (84.61%),
Chloramphenicol and Clindamycin
(69.23%). The most resistance antibiotic was
found to be Cefoxitin (100%) Clarithromycin
(69.23%). Hossain et al., 2017 also reported
that Vancomycin and Teicoplanin, was found
to be most effective (100%) against S. aureus
while isolates were resistant to Cefoxitin
[37].

Bacteria that produce extended-spectrum f3-
lactamase enzymes (ESBLs) are clinically
important pathogens. An increasing number
of ESBL-producing bacterial strains showing
multidrug resistance have been observed
[38]. In our study, the prevalence of blarem
was (33.33%), blasuy (25%), and blacrx-mi
(41.66%) genes among gram-negative
bacterial isolates. blarem, blasuy, and blacrx-
M1 genes are the most common B-lactamases
often found in Enterobacteriaceae |[39].
Similar results have been reported in
Switzerland by [40] detecting blasgy and
blactxmi in 23% and 39.2% isolates
respectively. On contrary, the prevalence of
blarey was high (71.3%) as compared to our
findings. These observations contribute to the
knowledge of the epidemiology of blareu,
blasyy, and blacrx-mi producing gram-
negative isolates that have now become
endemic in major hospitals in Peshawar.
Continuous monitoring, proper infection
control programs, and surveillance and
prevention practices will limit the further
spread of these infections within these
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hospitals and clinical settings.

Conclusion

This study reported high prevalence rate of
surgical wound infection by gram-negative
bacteria  predominated by E.  colj,
Acinetobacter baumannii, Klebsiella
pneumoniae, Pseudomonas aeruginosa and
Citrobacter spp and in gram positive
Staphylococcus aureus was the mostly
common isolated. Tobramycin, Gentamycin,
Meropenem, and Doxycycline were effective
against gram negative bacteria, whereas
Ampicillin, Cefazolin, Cefotaxime and
Ciprofloxacin were the least effective against
gram negative bacterial isolates. All gram-
positive isolates were MRSA. The best
effective antibiotic for MRSA in our study
was  Tetracycline and  Vancomycin.
Therefore, treatment of wound infections has
to be made based on the culture and
susceptibility test results. In addition, to
address the high rate of MDR, health
education must be strengthened and illicit
drug handling practices and irrational
prescription of drugs must be discontinued in
health facilities.
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