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Background: Postoperative wound infections are a major cause of morbidity and mortality 
and may complicate surgical recovery. The emergence of antimicrobial-resistant pathogens 
further increases the clinical burden. To determine the frequency of bacterial pathogens 
responsible for postoperative wound infections in surgical wards and assess their 
antibiotic susceptibility patterns. 
Methods: During a six-month study period, 200 wound samples were collected from 
patients in surgical wards. Samples were cultured for bacterial isolation and identification, 
followed by biochemical characterization and antibiotic susceptibility testing. Molecular 
characterization was performed following DNA extraction and PCR amplification using ITS 
primers, with subsequent sequencing and phylogenetic analysis. 
Results: Of the 200 wound samples, 150 (75%) yielded bacterial pathogens, whereas 50 
(25%) were bacteriologically sterile. Among the 120 samples obtained from males, 100 
(83.3%) were positive, while 50 (62.5%) of 80 samples from females were positive. The 
predominant isolates were methicillin-resistant Staphylococcus aureus (MRSA), 
Pseudomonas aeruginosa, and Escherichia coli. All isolates were catalase-positive. P. 
aeruginosa and E. coli were coagulase-negative, whereas MRSA was coagulase-positive; P. 
aeruginosa was also oxidase-positive. Antibiotic susceptibility testing demonstrated 
substantial resistance, particularly to cefepime in P. aeruginosa, ceftriaxone in E. coli, and 
clindamycin in MRSA. PCR amplification produced an approximately 800-bp band, while 
sequencing and phylogenetic analysis showed up to 90% similarity with P. aeruginosa, E. 
coli, and S. aureus. 
Conclusion: Postoperative wounds remain an important reservoir of pathogenic and 
antimicrobial-resistant bacteria, highlighting the need for appropriate infection-control 
practices, microbiological surveillance, and targeted antimicrobial therapy. 
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INTRODUCTION 
Skin is one of our innate immune systems. Sweat and sebaceous 
secretions, which offer protection due to their acidic pH (3–5) and 
chemicals like fatty acids and lysozyme, which have antifungal 
properties and dissolve bacterial cells, respectively, prevent 
infections of subcutaneous and systemic tissues. A wound is a 
break in the skin that exposes subcutaneous tissues after the 
integrity of the skin is lost.¹ This creates an environment that is 
warm, moist, and favorable to the colonization and growth of 
microorganisms. The successful infiltration and growth of one or 
more organisms anywhere in the body's sterile tissues, often 
leading to the development of pus, is known as infection of the 
wound. There are three types of wounds: post-operative, 
pathological, and accidental.² Infection, regardless of the type of 
wound, is the result of bacteria adhering to host cells, multiplying, 
colonizing, and improving their ability to harm host tissues. 
Wound colonization or infection may result from the pollutants' 

particular growth, division, and establishment rather than their 
persistence. An infection in a wound can result in wound 
disintegration, wound herniation, and total wound dehiscence in 
addition to delaying recovery.³ 
Gram-positive cocci (GPC) such as Enterococci, Staphylococcus 
epidermidis, S. aureus, and Streptococcus pyogenes, as well as 
gram-negative bacilli (GNB) like Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Escherichia coli, and Proteus, make up the 
bulk of organisms found in wounds. Higher wound classes (dirty-
infected wounds) and higher bacterial loads increase the 
likelihood of a wound infection. Microbes are humans' invisible 
enemies, causing havoc on both the human body and other living 
things.⁴ The leading cause of morbidity and mortality is still 
bacterial infections. Human skin, the nasopharynx, the 
gastrointestinal tract, and other parts of the body are home to a 
variety of bacterial species, but because of the body's first line of 
defense, they are less likely to cause illness.⁵ Human skin and soft 
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tissue infections (SSTIs) are caused by microbial pathogens 
during or following trauma, burns, bites, abrasions, minor cuts, 
lacerations, crush injuries, gunshot injuries, and surgical 
procedures. Pus, a white or yellow fluid containing dead 
leukocytes, cellular debris, and devitalized tissue, is produced 
when the first line of defense is compromised due to bacterial 
contamination.⁶ 
An environment that is favorable to the colonization and growth 
of microorganisms is created when skin integrity is lost for a 
number of reasons. Wound infection occurs when pathogens from 
the cutaneous surface, surroundings, or the patient's own flora 
are drawn to the wound by humidity, heat, and nourishment. 
These pathogens develop and release different virulence factors. 
The body's defense system draws immune cells to the site of 
infection to combat infections.⁷ One of the most worrisome 
problems in terms of mortality and financial burden is 
antimicrobial resistance (AMR). Antimicrobial agents, often 
known as pharmaceuticals, are compounds that can either 
eradicate bacteria or prevent them from growing. Until the 
culture report is produced, you can treat the patient empirically 
by knowing which bacteria are susceptible to certain antibiotics. 
Unintentional and improper use of antibiotics causes the 
development of drug-resistant bacteria, which can result in a 
protracted hospital stay, a large financial loss, and major health 
issues.⁷ 
A patient may transmit drug-resistant bacteria to other patients, 
family members, or even medical staff during an extended 
hospital stay. As bacteria evolve and patterns of antibiotic use or 
misuse shift over time, so does the sensitivity of these organisms 
to antibiotics in a particular environment. The emergence of 
pathogenic microorganisms resistant to antibiotics is considered 
a serious threat to public health worldwide. The issue has also 
been made worse by patient self-medication, doctors prescribing 
needless antibiotics without properly assessing the bacteria's 
susceptibility, and the quick and unchecked use of antimicrobials 
in farming and agriculture. Long-term, careless antibiotic use 
results in significant genetic alterations in bacteria, which lowers 
the efficacy of numerous antibiotics and promotes the emergence 
of AMR. Because of the concerning increase in infections brought 
on by the introduction of antibiotic-resistant bacteria, managing 
wound infections has become a major concern.⁸ 
 

METHODOLOGY 
A hospital-based descriptive microbiological study was 
conducted at Ayub Teaching Hospital, Abbottabad, Pakistan, from 
November 2025 to April 2026. The study investigated bacterial 
pathogens recovered from postoperative wound infections and 
characterized the isolates according to their phenotypic 
characteristics, antimicrobial susceptibility profiles, and 
molecular identification. A total of 200 adult patients admitted to 
the surgical wards who developed postoperative wound infection 
within 30 days of surgery were included. Patients aged ≥18 years 
with clinical evidence of surgical-site infection, particularly the 
presence of purulent discharge from the surgical wound, were 
considered eligible. Patients with wound infections unrelated to 
surgical procedures, those who had received antibiotics within 72 
hours before specimen collection, and patients without 
demonstrable bacterial or fungal infection were excluded. 
Data were collected using a structured questionnaire adapted 
from relevant literature and contextualized to the local clinical 
setting. Information regarding sociodemographic characteristics, 
clinical history, surgical procedures, hospitalization, and potential 
risk factors was recorded. Relevant clinical information was 
additionally obtained from patient medical records. The principal 
variables and their measurement domains are presented in Table 
1. 

Table 1. Study variables and data-collection domains 
Domain Variable Measurement/respon

se 
Sociodemograph
ic 

Participant 
ID 

Unique identification 
number 

Sociodemograph
ic 

Age Years 

Sociodemograph
ic 

Sex Male/Female 

Clinical Type of 
surgery 

Recorded surgical 
procedure 

Clinical Duration of 
hospital stay 

Days 

Clinical Surgical-site 
infection 

Yes/No 

Clinical Antibiotic use 
before 
hospitalizatio
n 

Yes/No 

Risk factors Personal 
hygiene 

Good/Average/Poor 

Risk factors Contact with 
infected 
individuals 

Yes/No 

Before specimen collection, the surgical wound was cleansed with 
sterile normal saline to remove superficial contaminants, 
exudate, and devitalized material. Pus or purulent wound exudate 
was then collected aseptically using sterile cotton swabs. 
Specimens were processed promptly and inoculated onto blood 
agar, MacConkey agar, and chocolate agar, followed by incubation 
at 37°C for 24–48 hours. Bacterial isolates were initially 
characterized according to colony morphology and Gram-staining 
characteristics and were subsequently identified using 
appropriate biochemical reactions. 
Phenotypic and biochemical characterization was performed 
using standard microbiological procedures. Gram staining was 
conducted using crystal violet, Lugol's iodine, acetone 
decolorization, and safranin counterstaining, followed by 
microscopic examination under oil immersion at 100× 
magnification.⁹ Catalase activity was determined by observing 
oxygen-bubble formation following exposure of bacterial colonies 
to hydrogen peroxide.¹⁰ Coagulase testing was performed to 
identify coagulase-producing staphylococci based on clot or 
agglutination formation.¹¹ Oxidase testing was used to detect 
cytochrome c oxidase activity through the development of a 
characteristic blue-purple reaction.¹² 
For molecular characterization, genomic DNA was extracted from 
pure overnight bacterial cultures using a boiling-based extraction 
procedure. DNA concentration and purity were assessed using a 
NanoDrop spectrophotometer, and extracted DNA was stored at 
−20°C until further analysis.¹³ DNA integrity was evaluated by 
electrophoresis on a 1% agarose gel prepared in Tris-borate-
EDTA buffer, followed by visualization under ultraviolet 
illumination.¹⁴ Molecular identification was performed by 
amplification of the bacterial 16S rRNA gene using universal 
primers. The amplified products were confirmed by agarose gel 
electrophoresis, purified, and submitted for Sanger 
sequencing.¹³,¹⁴ The reported PCR thermal profile consisted of an 
initial denaturation at 94°C for 5 minutes, followed by 35 cycles 
of denaturation at 94°C for 30 seconds, annealing at 52.7°C for 35 
seconds, and extension at 72°C for 2 minutes, with a final 
extension at 72°C for 5 minutes. 
Antimicrobial susceptibility testing was performed using the 
Kirby-Bauer disk-diffusion method on Mueller-Hinton agar.¹⁵,¹⁶ A 
bacterial suspension equivalent to a 0.5 McFarland turbidity 
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standard was prepared and uniformly inoculated onto the agar 
surface. The antimicrobial agents tested included penicillin, 
amikacin, cefoxitin, piperacillin-tazobactam, erythromycin, 
ceftriaxone, clindamycin, ceftazidime, vancomycin, cefepime, 
linezolid, imipenem, tetracycline, meropenem, and ciprofloxacin. 
Following incubation at 37°C for 16–18 hours, inhibition zones 
were measured in millimeters and isolates were categorized 
according to the applicable antimicrobial susceptibility 
criteria.¹⁵,¹⁶ 
For sequence analysis, chromatograms were examined and edited 
using Chromas and BioEdit. Homologous nucleotide sequences 
were identified using the NCBI BLASTn database. Multiple 
sequence alignment was performed using CLUSTAL Omega, while 
phylogenetic relationships among the identified bacterial isolates 
and reference sequences were inferred using MEGA X with the 
Fast Minimum Evolution method.¹³ 
Statistical analysis was performed using IBM SPSS Statistics 
version 20. Categorical variables were summarized using 
frequencies and percentages, whereas continuous variables were 
presented as means and standard deviations. Descriptive 
analyses were used to characterize the study population, 
determine the distribution of bacterial isolates, and summarize 
antimicrobial susceptibility patterns. 
 

RESULTS 
A questionnaire was used to gather information from 200 
patients at Ayub Teaching Hospital in Abbottabad between 2025 
and 2026. Participants in the study must be at least 18 years old. 
150 out of 200 patients had post-surgical wounds, according to 
the questionnaire results. 
 

Table 1: Positive and Negative samples distribution  
Total samples 200 

Positive samples 150 

Negative samples 50 

 

Gender wise distribution  
The current study investigated samples from 120 males and 80 
females. Out of 80 samples, 50 (or 25%) were positive from 
females, while 100 (or 50%) of the 120 samples from males 
showed the illness. 
 
Figure 1: Gender wise distribution post-surgical wounds 

 
 

Age wise distribution in the study sample set 
The participants were divided into four age-based groups for this 
investigation. These groups ranging from 18-30, 31-45, 46-50.  
 
 

Figure 2: Age wise distribution of patients in the study 
sample set 

 
Identification of bacterial isolates 
Fifty of the 200 samples were negative, and 150 were positive. 
Fifty Gram negative isolates and one hundred Gram positive 
isolates were found from positive samples. The bacteria that were 
isolated included Pseudomonas aureginosa, E. coli, and 
Methicillin-resistant Staphylococcus aureus. 
 

Table 2: Distribution of the causative organisms among 
positive patients at ATH 

Organisms Total isolated organism 

Methicillin resistant 
Staphylococcus aureus 

            55 

E. coli              70 

Pseudomonas aureginosa               25 

Total positive samples               150 

 
Morphological characterization 
The morphology of the bacterial isolates was then described using 
several media, including MacConkey medium, blood agar, and 
chocolate agar. E. Coli produces pink colonies on MacConkey agar, 
Pseudomonas aureginosa develops grayish colonies on blood agar, 
while MRSA forms creamy white colonies on blood agar. 
 

Figure 3: Bacterial growth on media  

 
Gram staining  
Following the utilization of the Gram-staining technique, 
microscopic analysis revealed that Pseudomonas aureginosa and 
MRSA strains were gram-negative rod-shaped bacteria, while E. 
Coli strains were gram-positive cocci grouped in clusters 
resembling grapes. 
Figure 4: Microscopy of bacterial isolates  
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Biochemical characterization of bacterial isolate  
Catalase test  
After being treated with a few drops of 3% H2O2, the isolated 
bacteria produced gas bubbles on a glass slide, signifying a 
positive catalase test. More bacterial isolates tested positive for 
catalase. When a drop of hydrogen peroxide was introduced to its 
isolates, oxygen bubbles were created. Every strain of bacteria 
tested positive for catalase. 
 

Figure 5: Catalase test results for all bacterial isolates 

Coagulase test  
A positive test result is indicated by the adherence of bacterial 
cells following the addition of plasma. If there is no agglutination, 
the test is negative. Pseudomonas aureginosa and E. coli strains 
tested negative for coagulase, however MRSA strain tested 
positive. 
 

Figure 6: Coagulase test results for all bacterial isolates 

Oxidase test  
The oxidase test was used to determine the organism's capacity 
to produce cytochrome c oxidase. In order to determine whether 
the purple color formed in 30 to 60 seconds, the bacterium tested 
positive. The oxidase test was performed on each isolated 
bacterium. Pseudomonas aureginosa tested positive for oxidase, 
although MRSA and E. coli strains tested negative. 
 

Figure 7: Oxidase test results for all bacterial isolates 

 
DNA extraction 
Bacterial strains DNA was isolated using the kit extraction 
method. After DNA isolation, a gel electrophoresis technique was 
used to examine the DNA on a 1% agarose gel. The presence of 
DNA was shown by clear bands. The outcome indicates that the 
band size of is approximately 800 bp. 
 

Figure 8: Genomic DNA extraction of Bacterial strains showing 
clear DNA bands on agarose gel electrophoresis. 

PCR  
PCR was carried out to molecularly confirm the pathogen using 
specific primers The conserved region of MRSA, E. coli and P. 
aureginosa was amplified by PCR. The PCR product of about 800 
bp bands were obtain using a DNA ladder of 1000 bp (Figure 7). 
 

Figure 9: 16s RNA amplification results for all bacterial 
isolates 
 

 
Phylogenetic Analysis 
Each bacterial isolate's ITS sequences were blasted using NCBI 
Nucleotide Blast, and the phylogenetic tree was constructed as 
earlier described.  Bacterial strain found during the investigation 
was shown to belong to the corresponding E. coli, P. aureginosa 
and MRSA by the phylogram topology. 

PQ423
731.1 

Escher
ichia 
coli 

14
80 

5
5 

7
5
0 

1
0
0 

7
6
8 

0
.
0 

878
/92
7 

95
% 

OQ168
635.1 

Pseudo
monas 
aerugin
osa 

16
57 

4
4 

5
6
7 

1
0
0 

5
6
7 

0.
0 

888/
927 

95
% 

OQ626
075.1 

MRSA 13
45 

2
3 

6
5
7 

1
0
0 

7
8
9 

0.
0 

894/
927 

95
% 

 

MRSA E. coli P. aureginosa 



Page | 52 Vol 3, Issue 8 Pak. J. Clin. Res. 

Jadoon A, et al. Bacterial Pathogens in Post-Surgical Wounds 
    

 

Figure 10: The phylogenetic tree of all bacterial isolates and 
other relative species based on a neighbor joining method 
analysis of ITS sequences. 

 

 
 
 

Figure 11: Antibiotic susceptibility testing on Mueller-Hinton 
agar utilizing the disc diffusion technique. The isolate's 
susceptibility and resistance to particular antibiotics are 
indicated by the zones of inhibition surrounding antibiotic 
discs 

 
 

Table 3: Resistant and susceptible Pattern of MRSA 
Antibiotic Sensitivity (%) Resistance (%) 

Penicillin (10U) 7% 93% 
Cefoxitin (30μg) 8% 94% 

Erythromycin 
(15μg) 

12% 88% 

Clindamycin (2μg) 3% 97% 
Vancomycin 

(30μg) 
9% 91% 

Linezolid (30μg) 15% 85% 
Tetracycline  

(30μg) 
12% 88% 

 

Table 1: Resistant and susceptible Pattern of E. coli 
Antibiotic Sensitivity 

(%) 
Resistance 

(%) 
Amikacin (30μg) 8 93 

Piperacillin-
tazobactam 
(100/10μg) 

7 94 

Ceftriaxone (30μg) 0 100 
Ceftazidime (30μg) 2 98 

Cefepime (30μg) 1 99 
Imipenem (10μg) 7 93 

Meropenem (10μg) 8 94 
Ciprofloxacin (5μg) 7 93 

 
Table 5: Resistant and susceptible Pattern of Pseudomonas 
aureginosa 

Antibiotic Sensitivity (%) Resistance (%) 
Amikacin (30μg) 10% 90% 

Piperacillin-
tazobactam 
(100/10μg) 

20% 80% 

Ceftriaxone 
(30μg) 

7% 93% 

Ceftazidime 
(30μg) 

8% 94% 

Cefepime (30μg) 3% 97% 
Imipenem (10μg) 7% 93% 

Meropenem 
(10μg) 

8% 94% 

Ciprofloxacin 
(5μg) 

12% 88% 

 

DISCUSSION 
Postoperative wound infection is an important complication of 
surgical procedures and may involve the superficial or deep 
incisional tissues or extend to an organ or body space.⁷ Such 
infections can delay wound healing, prolong hospitalization, 
increase healthcare costs, and complicate antimicrobial 
management, particularly when the causative organisms exhibit 
antimicrobial resistance. The emergence of multidrug-resistant 
(MDR) bacterial pathogens has consequently become an 
important concern in the management of surgical-site 
infections.¹⁸ 
The present study focused on the isolation, identification, and 
antimicrobial susceptibility profiling of bacterial pathogens 
recovered from post-surgical wounds at Ayub Teaching Hospital, 
Abbottabad. Pus, purulent exudates, and other wound specimens 
were collected and transported promptly to the microbiology 
laboratory for processing. Bacterial isolation was performed 
using MacConkey agar, blood agar, and chocolate agar. 
Pseudomonas aeruginosa produced grayish colonies on blood 
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agar, MRSA produced creamy-white colonies on blood agar, 
whereas Escherichia coli produced pink colonies on MacConkey 
agar. Similar culture-based approaches for recovering bacterial 
pathogens from postoperative wounds have been reported 
previously.²,⁵ Gram staining was subsequently performed for 
preliminary differentiation of bacterial isolates according to their 
Gram reaction and morphology. Gram-negative organisms are 
frequently reported among pathogens responsible for 
postoperative wound infections, although Gram-positive 
organisms, particularly Staphylococcus aureus, also represent 
important causative agents.¹,⁶ 
Biochemical characterization further supported the identification 
of the bacterial isolates. All three principal isolates examined in 
the present study were catalase-positive. The MRSA isolate was 
coagulase-positive, whereas E. coli and P. aeruginosa were 
coagulase-negative. MRSA and E. coli were oxidase-negative, 
while P. aeruginosa demonstrated a positive oxidase reaction. 
These findings are consistent with the established biochemical 
characteristics used for differentiating staphylococci, enteric 
Gram-negative bacilli, and Pseudomonas species.⁸,¹⁰,¹¹ The 
observed coagulase positivity of the MRSA isolate and oxidase 
positivity of P. aeruginosa further supported their phenotypic 
identification.¹¹ 
Molecular characterization was subsequently performed to 
strengthen bacterial identification. DNA was extracted from the 
bacterial isolates, and electrophoretic analysis demonstrated an 
approximately 800-bp amplified product. The isolates were 
identified using 16S rRNA gene sequence analysis, an established 
molecular approach for bacterial identification and phylogenetic 
characterization.¹²,¹³ The phylogenetic analysis supported 
identification of the isolates as Staphylococcus aureus (MRSA), E. 
coli, and P. aeruginosa. BLASTn analysis further demonstrated 
sequence similarity between the study isolates and reference 
sequences corresponding to these bacterial taxa. The application 
of 16S rRNA sequencing for bacterial identification and 
comparative sequence analysis has been described in previous 
investigations.¹²,¹⁴ 
Antimicrobial susceptibility testing revealed variable 
susceptibility patterns among the bacterial isolates. In the present 
study, comparatively greater susceptibility was observed to 
erythromycin, linezolid, tetracycline, amikacin, and meropenem. 
In contrast, the most prominent resistance patterns were 
observed in P. aeruginosa against cefepime, E. coli against 
ceftriaxone, and MRSA against clindamycin. Previous 
investigations have also demonstrated considerable variation in 
antimicrobial susceptibility among bacterial pathogens recovered 
from postoperative wounds.¹⁶ The reported resistance patterns 
emphasize the importance of microbiological culture and 
antimicrobial susceptibility testing in guiding appropriate 
treatment. 
The presence of antimicrobial-resistant organisms in 
postoperative wounds is clinically important because 
inappropriate antimicrobial exposure can favor the selection and 
persistence of resistant bacterial populations.⁴,¹⁸ Differences in 
resistance patterns between studies may reflect variations in 
patient populations, bacterial distribution, antimicrobial 
prescribing practices, local antimicrobial consumption, and 
infection-prevention measures. Studies from Pakistan and other 
settings have reported substantial antimicrobial resistance 
among bacterial isolates recovered from surgical wounds.⁶,¹⁷ 
Such findings highlight the need for continuous local 
antimicrobial-resistance surveillance and periodic assessment of 
susceptibility patterns. 
The findings of the present study have important implications for 
postoperative infection management. The recovery of clinically 
important organisms, including MRSA, E. coli, and P. aeruginosa, 

together with their variable antimicrobial susceptibility profiles, 
indicates that empirical antimicrobial therapy should be selected 
cautiously and modified according to culture and susceptibility 
results whenever possible. Appropriate infection-prevention and 
control practices, rational antibiotic prescribing, microbiological 
surveillance, and antimicrobial stewardship are therefore 
essential components of strategies aimed at reducing 
postoperative wound infections and limiting the further 
emergence of antimicrobial resistance.¹, ¹⁸ 
 

CONCLUSION 
MRSA, P. auregenosa and E. coli was the most common pathogen 
in this investigation, Multidrug resistant isolates are increasingly 
common in wound infections caused by resistance bacteria. To 
prevent resistance, hospital antibiotic treatment and disinfection 
procedures should be strictly followed and routinely reviewed. 
For post-operative wound infection prevention and management 
in rural settings, improved preoperative optimization of 
comorbidities, high-quality healthcare, and thorough surveillance 
are required. Therefore, it is crucial to periodically monitor 
infections and antibiotic susceptibility in order to stop the spread 
of multidrug resistant bacteria. 
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