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Plain English Summary 
Burn and wound infections are serious clinical problems made worse by bacteria that have become 
resistant to certain antibiotics. Therefore, understanding the relationship between unicellular organisms 
such as bacteria and fungi and antibiotic resistance patterns is important to establish treatment protocols. 
This study aimed to determine the occurrence of disease-causing organisms responsible for burn and 
wound infections as well as their antibiotic susceptibility profiles. A hundred and forty participants’ records 
were accessed at Al-Kindy Teaching Hospital from October 2, 2022, to May 1, 2023, and their antibiotic 
resistance profiles were assessed. The study results showed that Pseudomonas aeruginosa was the 

Abstract 
Objective: Comprehending microbial diversity and antibiotic resistance patterns is essential for efficient 
treatment protocols. This study sought to determine the incidence of bacterial and fungal pathogens 
responsible for burn and wound infections and their antibiotic susceptibility profiles.  
Methods: This cross-sectional study involved 140 patients with burn or wound infections. Sterile swabs and 
pus aspiration were employed to collect samples, which were subsequently processed using standard 
microbiological procedures. Antibiotic resistance was determined using the Kirby-Bauer disc diffusion method, 
following Clinical and Laboratory Standards Institute (CLSI) guidelines. Data was analysed using IBM SPSS 
version 25.0, and the Chi-square test was used to evaluate resistance patterns (p < 0.05). 
Results: Seventy-five (53.6%) participants were male, while 65 (46.4%) were female. Pseudomonas 
aeruginosa was the predominant pathogen (30.7%), followed by Staphylococcus aureus (22.1%) and 
Klebsiella pneumoniae (15.7%). Antibiotic resistance patterns indicated significant resistance to Amoxicillin-
clavulanic acid (72.1%), Ceftriaxone (65.0%), and Clindamycin (58.6%), although resistance to Amikacin 
(27.1%) and Ciprofloxacin (32.9%) was comparatively lower. The duration of healing differed among 
pathogens, with Acinetobacter baumannii requiring the longest length of 25 days, whereas Pseudomonas 
aeruginosa healed in a shorter duration of 14 days. Burn infection showed a strong link with antibiotic treatment 
(p = 0.024, 0.0182), whereas wound infection demonstrated a poor correlation (p = 0.089).  
Conclusion: The results underscore the necessity of ongoing monitoring of antibiotic resistance in wound and 
burn infections to inform empirical treatment. Targeted antimicrobial stewardship strategies can mitigate the 
advancement of resistance to infections and enhance clinical outcomes. 
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predominant pathogen (30.7%), followed by Staphylococcus aureus (22.1%) and Klebsiella pneumoniae 
(15.7%). %). Antibiotic resistance patterns indicated significant resistance to Amoxicillin-clavulanic acid 
(72.1%), Ceftriaxone (65.0%), and Clindamycin (58.6%), although resistance to Amikacin (27.1%) and 
Ciprofloxacin (32.9%) was comparatively lower. This study indicates the importance of ongoing monitoring 
of antibiotic resistance in wound and burn infections to inform the initiation of antibiotic treatment. 
 
Background 
There were 9 million burn cases worldwide in 2019, 
with a 95% uncertainty interval ranging from 6.8 to 
11.2 million, and 111,000 burn deaths, ranging 
from 88,000 to 132,000 (1). In the United States, 
wounds affect healthcare costs and quality of life 
(QoL) by about 2.5 % (2). The burden of burns and 
wounds varies regionally: in low- and middle-
income countries, burn mortality rates are 
disproportionately high due to limited access to 
care, while in Europe, burns account for over 4% of 
injury-related hospitalizations annually (3). In Asia, 
thermal injuries are among the top five causes of 
disability-adjusted life years (DALYs) in trauma 
patients (4). In the United States, Medicare 
beneficiaries experienced wounds or infections 
associated with wounds in 2014, according to a 
retrospective review of the Medicare 5% Limited 
Claims Dataset (a nationally representative sample 
of U.S. Medicare enrollees) (5). The disruption of 
the skin's protective barrier and thrombosis of the 
subcutaneous blood vessels are the primary 
causes of burn and wound infections. The 
avascular wound bed that forms create an ideal 
environment for bacterial proliferation and 
resistance to systemically administered 
antimicrobial agents (6, 7). While endogenous 
bacteria frequently assist hosts in their native 
habitats, some of these microorganisms can 
induce disease (8). Therefore, a host's vulnerability 
to infection may arise in the case that the host's 
usual microflora experience any disruption in their 
connection. Infections resulting from wounds or 
burns exemplify circumstances where indigenous 
bacteria can colonize a new environment, 
potentially leading to significant disruption (9, 10). 
In the majority of instances, the bacteria that inhabit 
these wounds are the patient's indigenous flora 
(11, 12). Nonetheless, transmission may also occur 
through contact with fomites, contaminated water, 
or the unclean hands of healthcare professionals 
(13, 14).  Acute wound infections can be caused by 
various pathogens, including Gram-negative 
organisms such as Pseudomonas aeruginosa and 
Acinetobacter spp., and Gram-positive bacteria 
such as Staphylococcus aureus and Enterococcus 
spp. (2, 15). 
Infection is the primary cause of mortality and the 
most prevalent complication in people with burn 
injuries. The physiological alterations render these 

patients more susceptible to infection and burn 
wound sepsis (16). Polymicrobial consortia 
residing in structured biofilms significantly 
contribute to the wound's impaired healing. The 
biofilm establishes a protective barrier to shield 
hazardous germs from the immune system and 
antimicrobial treatments. Studies have 
demonstrated a correlation between biofilm 
infections and chronic wounds (17, 18). Recent 
research indicates that biofilm infections may 
hinder wound closure or result in improper wound 
closure, where the wound seems closed but the 
healed skin fails to function as a barrier (19, 20). 
Conversely, wound cultures can guide the choice 
of topical antibiotics. Topical antimicrobials, when 
used before excision, reduce mortality and 
morbidity in severe burns, as evidenced by 
numerous studies (21, 22, 23). Understanding the 
risk factors that predispose patients to Multidrug-
Resistant (MDR) infections is essential, alongside 
the implementation of preventive treatment 
interventions. The incidence of multi-drug 
resistance is greater in burns with an elevated total 
body surface area percentage, and the severity of 
the burn is a significant predictor of MDR infections 
(24). Moreover, factors that elevate the probability 
of resistant infections, such as extended antibiotic 
therapy and hospitalization, are linked to multi-drug 
resistance (25, 26). Antibiotic resistance poses a 
significant problem in the treatment of burns 
because drugs are commonly overprescribed due 
to their availability without prescriptions. There is 
extensive bacterial resistance to ciprofloxacin, 
amikacin, and cefepime; three antibiotics widely 
used. The presence of resistance complicates 
therapy, with sensitivity patterns having to be taken 
into consideration during the formulation of 
antibiotic protocols (27). 
This study aimed to examine the trend of 
microbiology and antibiotic resistance in wound 
and burn infections at Al-Kindy Hospital. It will 
elucidate the local epidemiology of wound infection 
by identifying prevalent bacterial pathogens and 
resistance patterns. This will facilitate the selection 
of the most appropriate antibiotic regimens, 
improve patient outcomes, and inform infection 
control policies. 

 
Materials and methods: 
Study design  
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This study included 140 consecutive patients with 
clinically suspected infected wounds or burns 
referred to Al-Kindy Teaching Hospital between 
October 2, 2022, and May 1, 2023. The study 
aimed to characterize microbial profiles and 
antibiotic resistance patterns in wound/burn 
infections. 
 
Participant Selection 
Inclusion criteria 
The patients were enrolled in the study after 
completing specified inclusion criteria for 
guaranteeing data authenticity. These comprised 
all persons of either sex and any age with clinically 
confirmed burn or wound infections for 
microbiological investigation. Inclusion was 
constrained to those being referred to Al-Kindy 
Teaching Hospital for burn or wound culture and 
antibiotic susceptibility testing, and they had to be 
accessed within the time range of the study. 
Patients who had not had systemic or topical 
antibiotics in the last 48 hours when samples were 
taken were additionally enrolled to prevent pre-
treatment interference with microbial culture 
results. All the patients with a full clinical history 
that included demographic factors and information 
on infection-related data were enrolled. 

 
Exclusion Criteria  
Patients with non-infectious chronic wounds, such 
as diabetic ulcers, and no evidence of infection 
were excluded from the study, as were those who 
had been treated with broad-spectrum antibiotics 
48 hours or more before collection, as this can 
contaminate the culture. Furthermore, samples 
deemed inadequate or contaminated, failing to fulfil 
the laboratory's quality criteria, were excluded.  
 
Data Collection 
Clinical samples were collected from 140 
participants enrolled in the study (see ‘Participant 
Selection’). Inclusion was based on clinician-
identified signs of burn/wound infection, including 
purulent discharge, erythema, or systemic fever. 
Specimens were obtained as follows: 
Swab collection: Sterile cotton swabs saturated 
with sterile saline were used to sample superficial 
infections. For deep burn wounds, the surface was 

cleansed with sterile saline before swabbing to 
remove debris. 
Pus aspiration: In cases with abscess formation, 
pus was aspirated using a sterile syringe. 
Samples were immediately transported to the 
microbiology laboratory in sterile transport media 
under aseptic conditions. Microbial susceptibility 
testing was performed via the Kirby-Bauer disc 
diffusion method following CLSI guidelines (28). 
Mueller-Hinton agar was employed for bacterial 
isolates, whilst Sabouraud dextrose agar 
containing antifungal discs was utilized for fungal 
susceptibility assessment. Antibiotic discs, Colistin 
sulfate, Lincomycin, Norfloxacin, Ciprofloxacin, 
Amikacin, Aztreonam, Azithromycin, Cefepime, 
Clindamycin, Amoxicillin, clavulanic acid, 
Ceftriaxone and Tetracycline were utilized.  The 
inhibitory zones were quantified after 18–24 hours 
of incubation at 37°C, and the resistance patterns 
were documented.  
 
Statistical analysis 
Data were analyzed using IBM SPSS Statistics 
version 25.0. Descriptive statistics included 
frequencies and percentages for categorical 
variables (gender, type of infection, and resistance 
profiles) and measures of central tendency (e.g., 
mean, median) for continuous variables where 
applicable. To evaluate associations between 
categorical variables (e.g., bacterial species and 
resistance to specific antibiotics), Chi-square tests 
were performed. Statistical significance was 
defined as a two-tailed p-value < 0.05. 
 
Results 
Distribution of participants regarding gender in burn 
and wound cases 
Table 1 illustrates a notable gender imbalance in 
the allocation of participants in burn and wound 
cases. In burn instances, males represented 59.5% 
(53 participants), whilst females comprised 40.5% 
(36 people). In wound cases, males constituted 
66.7% (34 participants), whilst females accounted 
for 33.3% (17 people). This tendency suggests that 
males are more often impacted by burns and 
wounds compared to females, however, no 
statistically significant association exists between 
gender and the type of infection as indicated by the 
p-value of 0.403499.

 
Table 1. Gender distribution in burn and wound cases 

Sex Burn Wound p-value 
No % No %  

Males  53 59.5% 34 66.7% 0.40 
Females  36 40.5% 17 33.3% 
Total  89 100% 51 100% 
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Distribution of cases regarding age 
The case distribution among various age groups 
reveals that all ages are impacted as elucidated in 
Table 2, with the highest percentage seen in those 
over 40 years old (23.6%), followed closely by the 
11–20 age group (22.2%). The 21–30 age 

demographic constituted 20% of instances, and 
individuals aged 10 years or younger comprised 
17.8%. The minimal percentage was observed in 
the 31–40 age demographic (16.4%). The 
distribution regarding age was not statistically 
significant (0.874). 

  
Table 2. Distribution of participants according to age 

 No. % p-value 

≤  10  25 17.8% 0.874 
11-20 31 22.2% 
21-30 28 20% 
31-40 23 16.4% 
>40 33 23.6% 

 
Distribution of microbial species in burn and wound 
infection 
The distribution of microbial species in burn and 
wound cases revealed significant disparities in 
bacterial prevalence between the two forms of 
infections as demonstrated in Table 3. The Chi-
Square test results (χ² = 23.42, p = 0.0154) 
indicated a statistically significant correlation 
between bacterial species and infection type.  
Klebsiella pneumoniae (24.7%) and Pseudomonas 
aeruginosa (20.3%) were the predominant 

bacterial isolates in burn cases, but 
Staphylococcus aureus was much more abundant 
in wound infections (27.4%) than in burns (7.8%). 
Pseudomonas fluorescens was more commonly 
linked to burn infections (11.2%) than to wound 
infections (3.9%). Moreover, several bacteria, like 
Burkholderia cepacia and Pseudomonas putida, 
were solely associated with burn patients, whereas 
Enterococcus faecalis was exclusively isolated 
from wound infections.

 
Table 3. Microbial species distribution in wound and burn infections 

Microbial species No. Burn Wound Chi-square 
(χ² ) 

p. value 
No. % No. % 

Staphylococcus aureus 21 7 7.8% 14 27.4% 23.42 0.02 
Acinetobacter baumannii 25 15 16.8% 10 19.6% 
Burkholdera cepacia 2 2 2.2% 0 0% 
Enterobacter aerogenes 3 2 2.4% 1 1.9% 
Enterococcus faecalis 1 0 0% 1 1.9% 
Escherichia coli 14 6 6.7% 8 15.7% 
Enterobacter cloacae 4 3 3.4% 1 1.9% 
Pseudomonas putida 1 1 1.1% 0 0% 
Proteus mirabilis 4 3 3.4% 1 1.9% 
Pseudomonas fluorescens 12 10 11.2% 2 3.9% 
Klebsiella pneumoniae 25 22 24.7% 3 5.9% 
Pseudomonas aeruginosa 28 18 20.3% 10 19.6% 
Total  140 89 100% 51 100% 

 
Antibiotic susceptibility of bacterial spp. Isolated 
from burn cases 
The antibiotic susceptibility patterns revealed that 
Colistin sulfate demonstrated the highest 
sensitivity across all bacterial species, making it the 
most effective antibiotic in this study. In contrast, 
Cefepime, Ciprofloxacin, and Amikacin exhibited 
high resistance rates among multiple bacterial 
isolates. Notably, Pseudomonas aeruginosa and 

Acinetobacter baumannii displayed significant 
resistance to multiple antibiotics, highlighting their 
multidrug-resistant nature and the challenges in 
treating infections caused by these organisms. 
Additionally, Azithromycin showed no recorded 
cases of sensitivity across the tested bacterial 
species. On the other hand, Lincomycin and 
Norfloxacin exhibited no resistance in any of the 
bacterial species as shown in Table 4.
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Table 4. Antibiotic Susceptibility and Resistance Patterns of Bacteria Isolated from Burn 
Infections 

Bacterial 
Species 

Antibiotic Sensitivity (%) Antibiotic Resistance (%) Sensitivity 
p-value 

Resistance 
p-value 

Pseudomonas 
aeruginosa 

Colistin sulfate (64.8%), 
Lincomycin (24.3%), 
Norfloxacin (24.3%), 
Ciprofloxacin (13.5%), 
Amikacin (10.8%), 
Aztreonam (5.4%), 
Azithromycin (2.7%) 

Cefepime (78.3%), 
Ciprofloxacin (75.6%), 
Amikacin (64.8%), 
Aztreonam (56.7%), 
Clindamycin (8.1%), 
Amoxicillin clavulanic acid 
(13.5%), Ceftriaxone 
(18.9%), Tetracycline 
(24.3%) 

0.122 0.006 

Klebsiella 
pneumoniae 

Colistin sulfate (62.9%), 
Lincomycin (29.6%), 
Norfloxacin (29.6%), 
Amikacin (14.8%), 
Ciprofloxacin (14.8%), 
Azithromycin (3.7%), 
Cefepime (3.7%), 
Tetracycline (3.7%), 
Amoxicillin clavulanic acid 
(3.7%), Aztreonam (7.4%) 

Amikacin (85.1%), Cefepime 
(81.4%), Aztreonam 
(77.7%), Ciprofloxacin 
(77.7%), Ceftriaxone 
(54.2%), Amoxicillin 
clavulanic acid (54.2%), 
Azithromycin (44.4%), 
Tetracycline (44.4%) 

0.047 0.001 

Acinetobacter 
baumannii 

Colistin sulfate (60%), 
Lincomycin (26.6%), 
Norfloxacin (26.6%), 
Aztreonam (6.6%), 
Ciprofloxacin (13.3%) 

Cefepime (80%), 
Ciprofloxacin (73.3%), 
Amikacin (53.3%), 
Aztreonam (40%), 
Azithromycin (13.3%), 
Amoxicillin clavulanic acid 
(13.3%), Tetracycline 
(26.6%), Ceftriaxone 
(33.3%) 

0.095 0.006 

Pseudomonas 
fluorescens 

Colistin sulfate (100%), 
Amikacin (8.3%), 
Clindamycin (8.3%), 
Tetracycline (8.3%) 

Cefepime (100%), Amikacin 
(91.6%), Aztreonam (75%), 
Tetracycline (33.3%), 
Ceftriaxone (33.3%), 
Azithromycin (50%), 
Amoxicillin clavulanic acid 
(50%), Ciprofloxacin (66.6%) 

0.391 0.001 

Enterobacter 
aerogenes 

Colistin sulfate (100%), 
Amikacin (50%), Cefepime 
(50%), Ciprofloxacin (50%) 

Ciprofloxacin (100%), 
Ceftriaxone (100%), 
Amoxicillin clavulanic acid 
(100%), Amikacin (50%), 
Aztreonam (50%), 
Azithromycin (50%), 
Cefepime (50%), 
Tetracycline (50%) 

0.048 0.08 

Escherichia coli Colistin sulfate (50%), 
Amikacin (37.5%), 
Cefepime (12.5%), 
Lincomycin (25%), 
Norfloxacin (25%) 

Ciprofloxacin (100%), 
Ceftriaxone (87.5%), 
Aztreonam (75%), Amikacin 
(62.5%), Azithromycin 
(62.5%), Cefepime (62.5%), 
Amoxicillin clavulanic acid 
(25%), Tetracycline (37.5%) 

0.048 0.001 

Proteus mirabilis Amikacin (100%), 
Ciprofloxacin (100%), 

Aztreonam (66.6%), Colistin 
sulfate (66.6%), 

0.043 0.178 
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Cefepime (66.6%), 
Aztreonam (33.3%), 
Ceftriaxone (33.3%), 
Amoxicillin clavulanic acid 
(33.3%) 

Azithromycin (33.3%), 
Tetracycline (33.3%), 
Amoxicillin clavulanic acid 
(33.3%) 

Pseudomonas 
putida 

Amikacin (100%) Cefepime (100%), 
Ciprofloxacin (100%) 

- - 

Staphylococcus 
aureus 

Colistin sulfate (85.7%), 
Clindamycin (28.2%), 
Tetracycline (28.2%), 
Amikacin (14.2%), 
Ciprofloxacin (14.2%) 

Amikacin (71.4%), Cefepime 
(71.4%), Azithromycin 
(57.1%), Aztreonam 
(57.1%), Ciprofloxacin 
(57.1%), Tetracycline 
(57.1%), Amoxicillin 
clavulanic acid (14.2%), 
Clindamycin (42.8%) 

0.206 0.001 

Enterobacter 
cloacae 

Ciprofloxacin (50%), 
Amikacin (25%), Cefepime 
(25%), Colistin sulfate 
(25%), Lincomycin (25%), 
Norfloxacin (25%) 

Aztreonam (100%), 
Amikacin (50%), 
Azithromycin (50%), 
Cefepime (50%), 
Ciprofloxacin (50%), 
Tetracycline (50%), 
Ceftriaxone (50%), 
Amoxicillin clavulanic acid 
(50%), Colistin sulfate (25%) 

0.363 0.015 

Burkholderia 
cepacian 

- Amikacin (50%), 
Azithromycin (50%), 
Amoxicillin clavulanic acid 
(50%), Cefepime (50%), 
Ciprofloxacin (50%), 
Tetracycline (50%) 

- - 

 
Antibiotic Susceptibility and Resistance in Wound 
Infections 
Clindamycin and Amoxicillin clavulanic acid 
demonstrated no recorded sensitivity in 
Enterobacter aerogenes, Enterococcus faecalis, 
Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas fluorescens, and Enterobacter 
cloacae, signifying their ineffectiveness against 

these bacterial species according to the antibiotic 
susceptibility analysis. However, in the same 
bacterial isolates, no recorded resistance was 
observed for Clindamycin, Colistin sulphate, 
Lincomycin, and Norfloxacin, suggesting that these 
antibiotics may remain viable therapeutic options 
as seen in Table 5.

 
Table 5.  Antibiotic Susceptibility and Resistance Patterns of Bacteria Isolated from Wound 

Infections 

Bacteria Highly Sensitive (%) Highly Resistant (%) Sensitivity 
p-value 

Resistance 
p-value 

Staphylococcus 
aureus 

Ciprofloxacin (53.8%), 
Tetracycline (30.7%), 
Lincomycin (30.7%), 
Norfloxacin (30.7%) 
Amikacin (7.6%), 
Clindamycin (7.6%) 

Azithromycin (84.6%), 
Tetracycline (46.1%), 
Ciprofloxacin (38.4%) 
Aztreonam (7.6%), 
Cefepime (7.6%), 
Amikacin (15.3%), 
Ceftriaxone (15.3%), 
Clindamycin (23%) 

0.215 0.048 

Acinetobacter 
baumannii 

Lincomycin (60%), 
Norfloxacin (60%) 
Cefepime (10%), Colistin 
sulfate (40%) 

Ciprofloxacin (90%), 
Amikacin (60%), 
Aztreonam (60%), 
Cefepime (60%) 

0.071 0.001 
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Ceftriaxone (50%), 
Amoxicillin clavulanic 
acid (40%), Azithromycin 
(30%), Tetracycline 
(30%) 

Escherichia coli Amikacin (50%), Colistin 
sulfate (37.5%) 
Aztreonam (12.5%), 
Azithromycin (12.5%), 
Tetracycline (12.5%) 

Ciprofloxacin (100%), 
Cefepime (75%), 
Ciprofloxacin (75%) 
Tetracycline (62.5%), 
Amikacin (50%), 
Aztreonam (50%), 
Amoxicillin clavulanic 
acid (37.5%), 
Azithromycin (12.5%) 

0.189 0.002 

Enterobacter 
aerogenes 

Amikacin (100%), 
Aztreonam (100%), 
Ceftriaxone (100%)  

Ciprofloxacin (100%), 
Tetracycline (100%)  

0.035 0.001 

Enterococcus 
faecalis 

Ciprofloxacin (100%) Tetracycline (100%) – – 

Klebsiella 
pneumoniae 

Amikacin (40%), 
Cefepime (40%), 
Ciprofloxacin (40%), 
Colistin sulfate (40%) 
Aztreonam (20%), 
Azithromycin (20%), 
Amoxicillin clavulanic 
acid (20%), Lincomycin 
(20%), Norfloxacin (20%) 

Amikacin (60%), 
Aztreonam (60%), 
Ceftriaxone (60%), 
Ciprofloxacin (60%) 
Azithromycin (40%), 
Amoxicillin clavulanic 
acid (40%), Cefepime 
(40%), Tetracycline 
(20%) 

– 0.001 

Proteus mirabilis Amikacin (50%), 
Aztreonam (50%), 
Azithromycin (50%), 
Cefepime (50%), 
Ceftriaxone (50%), 
Ciprofloxacin (50%) 
– 

Amikacin (50%), 
Aztreonam (50%), 
Ceftriaxone (50%), 
Ciprofloxacin (50%), 
Tetracycline (50%) 
– 

– – 

Pseudomonas 
fluorescens 

Aztreonam (50%), 
Lincomycin (50%), 
Norfloxacin (50%) 
– 

Amikacin (100%), 
Cefepime (100%), 
Ciprofloxacin (100%) 
Aztreonam (50%) 

– – 

Enterobacter 
cloacae 

Amikacin (100%), 
Aztreonam (100%), 
Ciprofloxacin (100%) 

Ceftriaxone (100%), 
Tetracycline (100%) 
– 

– – 

 
Healing Time of Wound and Burn Infection 
Pathogens Under Antibiotic Treatment 
The healing durations for wound and burn 
infections treated with antibiotics demonstrate 
differing effectiveness against various bacterial 
pathogens as indicated in Table 6. Acinetobacter 
baumannii exhibited a protracted healing duration 
of 25 days with Colistin sulphate for wound 
infections, whereas Pseudomonas aeruginosa 
showed a more rapid recovery of 14 days when 
administered a combination of Norfloxacin and 
Lincomycin. Other pathogens, such as Escherichia 
coli and Proteus mirabilis, need reduced healing 

durations of 6 and 7 days, respectively, when 
administered Amikacin and Azithromycin. A p-
value of 0.089 for wound infections indicates a 
modest link between antibiotic therapy and healing 
time, suggesting that additional factors may affect 
the healing process in wound infections. 
Colistin sulphate was frequently employed in the 
treatment of burn infections caused by many 
bacterial species, including Klebsiella pneumoniae, 
Acinetobacter baumannii, Pseudomonas 
fluorescens, Enterobacter aerogenes, 
Staphylococcus aureus, Escherichia coli, and 
Pseudomonas aeruginosa. Healing durations 
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varied from 3 days for Enterobacter aerogenes to 
15 days for Klebsiella pneumoniae and Proteus 
mirabilis. The p-values of 0.024 and 0.0182 for 

burn infections indicated a statistically significant 
association.

 
Table 6. Relationship Between Healing Time of Wound and Burn Infection Pathogens Under 

Antibiotic Treatment 

Infection Type Bacterium Antibiotic Healing Time 
(Days) 

Wound Infection Acinetobacter baumannii Colistin sulfate 25 
Pseudomonas aeruginosa Norfloxacin + Lincomycin 14 
Escherichia coli Amikacin 6 
Proteus mirabilis Azithromycin 7 

p.value  
(correlation to healing) 

0.089 1.0  

Burn Infection Klebsiella pneumoniae Colistin sulfate 15 
Proteus mirabilis Amikacin 15 
Acinetobacter baumannii Colistin sulfate 14 
Pseudomonas fluorescens Colistin sulfate 14 
Enterobacter aerogenes Colistin sulfate 3 
Staphylococcus aureus Colistin sulfate 5 
Escherichia coli Colistin sulfate 7 
Pseudomonas aeruginosa Colistin sulfate 11 

p.value  
(correlation to healing) 

0.024 0.0182  

  
Discussion 
Burn injuries are a type of trauma that lacks 
adequate recognition, despite being a considerable 
contributor to morbidity and mortality in numerous 
regions globally. Burns can result from numerous 
factors affecting individuals, families, and society at 
large (29). In this study, males constituted the 
majority of burn and wound infection cases, 
consistent with a Palestinian study that indicated a 
higher prevalence of infections among males 
(58.5%) compared to females (30). Research 
indicates that men may exhibit greater 
susceptibility to burn- and wound-related infections 
(31), likely due to occupational exposure to 
hazardous settings (e.g., manufacturing, 
construction, firefighting) and risk-taking 
behaviours that elevate injury rates and 
subsequent infection risks. Global epidemiological 
trends reveal that from 1990 to 2019, females 
constituted around 87% of the increasing cases of 
burn injuries, suggesting significant regional and 
socioeconomic disparities in the occurrence of 
such injuries (29). 
Individuals aged 11 to 20 constituted 22.2% (31 
cases) of the total burn and wound cases 
examined. The elevated case density in the 10–19 
year age range aligns with global trends (29). 
Conversely, research in Turkey revealed that the 
youngest children age group were the most 
affected, suggesting a regional differential (32). 
Young persons may exhibit increased susceptibility 

due to their propensity for risky behaviours and 
physical activities, whereas the elderly may face 
heightened risk owing to inactivity, chronic health 
issues, or occupational environments. In the 
current study, Klebsiella pneumoniae (24.7%) and 
Pseudomonas aeruginosa (20.3%) were the 
primary bacterial isolates in burn infections, 
although Staphylococcus aureus was substantially 
more prevalent in wound infections (27.4%) 
compared to burns (7.8%).  A study in Italy 
identified the most prevalent bacteria responsible 
for burn infection as Acinetobacter baumannii 
(28%), Pseudomonas aeruginosa (26%), and 
methicillin-resistant Staphylococcus aureus (25%) 
(33).  Similar results were observed in Bangladesh, 
where Pseudomonas aeruginosa constituted 57%, 
followed by Staphylococcus aureus at 35% and 
Klebsiella spp at 5% (34).  Pseudomonas 
aeruginosa (20%) and Staphylococcus aureus 
(17.14%) were predominant in Iraq, alongside 
Enterobacter spp. (16.19%) and Proteus vulgaris 
(13.33%) (34). 
Numerous studies indicate that Staphylococcus 
aureus and Pseudomonas aeruginosa are the 
predominant bacteria found in chronic wound 
infections, with co-infections exhibiting greater 
virulence than mono-infections (35, 36). A Chinese 
investigation identified Staphylococcus aureus as 
the predominant pathogen at 29.2%, followed by 
Escherichia coli at 11.5%, Pseudomonas 
aeruginosa at 11.0%, and Klebsiella pneumoniae 
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at 5.8% (37). Metagenomic investigations have 
shown Staphylococcus spp. (S. aureus and S. 
pettenkoferi) as the predominant genus in chronic 
wounds, succeeded by Streptococcus, 
Corynebacterium, and Anaerococcus (38). In 
Pakistan, E. coli constituted the predominant 
bacterial isolate in wound infections, accounting for 
45.3% (39). Additionally, Staphylococcus 
epidermidis can produce biofilms in chronic wound 
infections, resulting in consequences such as 
septicaemia (40). 
Skin infections like Staphylococcus aureus and 
Streptococcus pneumoniae are not 
chemoattractant but use different adhesion 
mechanisms to cling to host tissues. This enables 
them to exploit available resources while they 
transmit virulence factors into the host milieu, 
therefore helping in infection and poor wound 
healing (41). The rise of multi-drug-resistant (MDR) 
microbes, such as Staphylococcus aureus, 
Enterococcus, Pseudomonas, Acinetobacter, and 
Enterobacter presents considerable issues in 
clinical practice, especially in wound and burn 
management (42). 
Several studies demonstrate significant variance in 
the antibiotic resistance profiles of Escherichia coli 
isolates from burn and wound infections. E. coli had 
the highest sensitivity to amikacin (75%) and 
imipenem (52.3%), while sensitivity to fourth-
generation cephalosporins ranged from 35% to 
50%. Ampicillin had the lowest percentage at 6.8%. 
A reduced gentamicin sensitivity of 38.6% was 
discovered, in contrast to international figures of 
70%, indicating regional variations in resistance 
(43). Significant resistance to ampicillin (68.1%) 
and ciprofloxacin (68.1%), while resistance to 
tigecycline (3.9%) and amikacin (3.6%) was 
minimal (44). 
Multidrug resistance (MDR) remains a problem for 
Staphylococcus aureus. Guan et al. (2021) 
reported high levels of resistance to penicillin 
(92%), erythromycin (58.3%), and clindamycin 
(50.9%). The most effective was vancomycin, to 
which no resistance was detected among the 
Gram-positive isolates (37). In another study, a 
high rate of resistance (86.6%) to amikacin. These 
findings stress the supreme importance of 
vancomycin as a last-resort therapeutic agent for 
the treatment of MDR S. aureus infections (44). 
Klebsiella pneumoniae antibiotic resistance pattern 
is also extremely variable geographically. In Iraq, 
there are high resistance levels to doxycycline 
(100%), tetracycline (95.23%), and ceftriaxone 
(88.09%). Susceptibility was highest for gentamicin 
(78.57%), meropenem, and amikacin (76.19%) 
(45). High resistance to ceftriaxone (67%) and 

tigecycline (13%) in Indonesia. The differences in 
resistance rates noted may be explained by local 
antibiotic usage patterns and healthcare practices. 
Pseudomonas aeruginosa and Acinetobacter 
baumannii were extremely resistant to many 
classes of antibiotics (46). Another study in 2022 
reported high rates of resistance to gentamicin and 
amikacin in P. aeruginosa isolates (47). In addition, 
100% resistance to ceftazidime and piperacillin in 
A. baumannii isolates (40). 
The persistence of high resistance rates among 
these pathogens signals the imperative of effective 
infection control policies and the judicious use of 
antibiotics. Burkholderia cepacia was found to be 
especially resistant to a variety of antibiotics. In 
India, 100% resistance to an array of broad-
spectrum antibiotics like amikacin, imipenem, and 
vancomycin (48).  Identical high levels of 
resistance were also reported from Iraq (44). 
Pseudomonas aeruginosa was isolated from 12 
samples, exhibiting 83.33% sensitivity to 
fosfomycin, 75% sensitivity to amikacin, and 50% 
sensitivity to piperacillin. Conversely, Proteus 
mirabilis or Proteus vulgaris was cultured in five 
samples, which were 100% sensitive to ceftazidime 
and 80% sensitive to ceftriaxone, fosfomycin, and 
aztreonam. Amikacin and sulfamethoxazole with 
trimethoprim were fairly sensitive at 60%. 
Escherichia coli was also cultured in two samples 
with 100% sensitivity to Trifamox, piperacillin, and 
doxycycline (49). 
The healing of burn wounds is multifactorial and 
intricate. A systematic review indicated that the 
depth of the burn significantly influences wound 
healing time, unlike the infectious pathogen's 
aetiology (50). The presence of various 
microorganisms, including drug-resistant strains, 
poses significant challenges to accurate diagnosis 
and treatment, potentially affecting overall recovery 
time (51). Furthermore, an experimental 
investigation revealed that the degree of wound 
healing is substantially affected by the bacterial 
load, or the quantity of colonizing bacteria, rather 
than the microbial type (52). This aligns with a prior 
study indicating that the degree of bacterial 
proliferation in a lesion is more significant than the 
mere presence of germs concerning healing (53). 
Inadequately debrided eschar in burn wound 
management facilitates microbial growth. Topical 
use of antimicrobials has been shown to suppress 
pathogenic bacterial proliferation and avert 
systemic infection. Topical treatment targets the 
individual deficiencies of each wound, including 
biofilms, bioburden, the presence or absence of 
eschar, and the requirement for epithelialisation. 
Personalized therapy indicates that consideration 
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must be afforded to patient-specific parameters 
while weighing the risks against the benefits of 
each antimicrobial agent (54). 
MDRO infections exhibit a more complex clinical 
trajectory, characterised by elevated rates of 
surgical intervention, prolonged wound healing, 
intensified antibiotic therapy, and extended 
hospital stays (55). A study confirmed that patients 
with multidrug-resistant (MDR) bacteria who were 
chronically infected experienced significantly 
prolonged hospital stays, averaging 25 days, in 
contrast to non-infected patients with MDR 
bacteria, who averaged 10 days, thereby, 
illustrating the substantial impact of antibiotic 
resistance on recovery duration (38). 
 
Limitations 
This study has several limitations. First, its single-
centre design at Al-Kindy Teaching Hospital may 
limit the generalizability of findings to other settings 
with differing patient demographics or microbial 
profiles. Second, the sample size (n=140), though 
representative of the hospital’s annual caseload, 
may lack statistical power to detect rare resistance 
patterns. Third, the exclusion of polymicrobial 
infections unrelated to the primary wound may 
overlook complex microbial interactions. Finally, 
long-term patient outcomes (e.g., treatment 
success rates) were not assessed, restricting 
insights into the clinical implications of resistance 
patterns. 
 
Future Research Directions 
Future studies should prioritize multicenter cohorts 
to validate regional resistance trends and explore 
socioeconomic or environmental drivers of 
antimicrobial resistance. Genomic characterization 
of multidrug-resistant isolates could elucidate 
emerging resistance mechanisms. Additionally, 
longitudinal investigations assessing the impact of 
resistance on treatment outcomes and healthcare 
costs are warranted to inform clinical guidelines. 
 
Conclusion 
This study clarifies the intricate relationship among 
bacterial infection, antibiotic treatment, and the 
healing of wounds and burns. Microbial analysis 
demonstrated substantial alterations in bacterial 
dissemination related to burn wounds. Klebsiella 
pneumoniae and Pseudomonas aeruginosa were 
the predominant bacteria in burn infections, 
whereas Staphylococcus aureus was the most 
prevalent pathogen in wound infections. 
Burkholderia cepacia and Pseudomonas putida 
were exclusively found in burn infections, while 

Enterococcus faecalis was alone identified in 
wounds. 
Antibiotic susceptibility assays revealed significant 
resistance, especially in Pseudomonas aeruginosa 
and Acinetobacter baumannii, to therapeutic 
interventions. Despite the resistance of several 
bacterial isolates to Cefepime, Ciprofloxacin, and 
Amikacin, Colistin sulphate emerged as the most 
effective antibiotic. The efficacy of antibiotics, 
contingent upon the disease's characteristics and 
the duration of recovery, underscores the need for 
more systematic therapeutic planning. Multidrug-
resistant bacteria underscore the imperative for 
antimicrobial surveillance and treatment 
adaptability. Research must uncover and cultivate 
novel resistance mechanisms to combat chronic 
and resistant infections in individuals with burns 
and wounds.  
 
List of Abbreviations 
AK: Amikacin 
AMC: Amoxicillin-Clavulanic Acid 
AMP: Ampicillin 
ATM: Aztreonam 
AZM: Azithromycin 
CFU: Colony-Forming Unit 
CIP: Ciprofloxacin 
CLI: Clindamycin 
CLSI: Clinical and Laboratory Standards Institute  
COL: Colistin 
CRAB: Carbapenem-Resistant Acinetobacter 

baumannii 
CRO: Ceftriaxone 
CTX: Cefotaxime 
DALYs: Disability-Adjusted Life Years 
ESBL: Extended-Spectrum Beta-Lactamase 
FEP: Cefepime 
GEN: Gentamicin 
IBM SPSS: International Business Machines  

Statistical Package for the Social Sciences 
LZD: Linezolid 
MDR: Multidrug-Resistant 
MDRB: Multidrug-Resistant Bacteria 
MDRO: Multidrug-Resistant Organism 
MIC: Minimum Inhibitory Concentration 
MRSA: Methicillin-Resistant Staphylococcus  

aureus 
PDR: Pan-Drug-Resistant 
QoL: Quality of Life 
TET: Tetracycline 
TZP: Piperacillin-Tazobactam 
US: United States 
VRE: Vancomycin-Resistant Enterococcus 
WHO: World Health Organization 
XDR: Extensively Drug-Resistant 
β-lactam: Beta-Lactam (antibiotic class) 



Ibraheem et. al. Babcock Univ. Med. J.2025 8(1):118-131 

128 
 

 
Declarations 
Ethical approval and consent to participate 
Ethical clearance and permission for data and 
sample analysis were obtained from Al-Kindy 
College of Medicine and Al-Kindy Teaching 
Hospital before study initiation (Approval No. 
4851). Written informed consent was obtained from 
all participants 
 
Consent for publication 
All the authors gave consent for the publication of 
the work under the Creative Commons Attribution- 
Non-Commercial 4.0 license. 
 
Availability of data and materials 
The data and materials associated with this 
research will be made available by the 
corresponding author upon reasonable request. 
 
Competing interests 
The authors declare no conflicts of interest relevant 
to this study. 
 
Funding 
This research received no external funding. It was 
conducted as part of an institutional collaboration 
between Al-Kindy College of Medicine and Al-Kindy 
Teaching Hospital. 
 
Authors’ contributions 
IS: Conceptualization, methodology, data analysis, 
manuscript writing, and project supervision. 
 
Salih WH: Data collection, validation, and review of 
the manuscript. 
Majeed SZ: Literature review, statistical analysis, 
and manuscript editing. 
All authors have read and approved the final 
manuscript. 
 
Acknowledgement 
Not applicable. 
 
 
References 
1. Gerstl JV, Ehsan AN, Lassarén P, Yearley A, 

Raykar NP, Anderson GA, Smith TR, 
Sabapathy SR, Ranganathan K. The global 
macroeconomic burden of burn injuries. Plastic 
and reconstructive surgery. 2024 Mar 
1;153(3):743-52. 
https://doi.org/10.1097/PRS.00000000000105
95  

2. Sen CK. Human wound and its burden: updated 
2020 compendium of estimates. Advances in 

wound care. 2021 May 1;10(5):281-92. 
https://doi.org/10.1089/wound.2021.0026 

3. van Langeveld I, Gagnon RC, Conrad PF, 
Gamelli RL, Martin B, Choudhry MA, Mosier MJ. 
Multiple-drug resistance in burn patients: a 
retrospective study on the impact of antibiotic 
resistance on survival and length of stay. 
Journal of Burn Care & Research. 2017 Mar 
1;38(2):99-105. 
https://doi.org/10.1097/BCR.00000000000004
79 

4. Park F, Ruiz A, Pang J, Young K, Roth B, Smith 
E, et al. 571 The Trauma Burden of Pediatric 
Burns in Low- and Middle-Income Countries: A 
Systematic Review. Journal of Burn Care & 
Research 2024;45:161–2. 

5. Sen CK. Human wounds and its burden: an 
updated compendium of estimates. Advances 
in wound care. 2019 Feb 1;8(2):39-48. 
https://doi.org/10.1089/wound.2019.0946 

6. Markiewicz-Gospodarek A, Kozioł M, Tobiasz 
M, Baj J, Radzikowska-Büchner E, Przekora A. 
Burn wound healing: clinical complications, 
medical care, treatment, and dressing types: 
the current state of knowledge for clinical 
practice. International journal of environmental 
research and public health. 2022 Jan 
25;19(3):1338. 
https://doi.org/10.3390/ijerph19031338 

7. Goswami AG, Basu S, Banerjee T, Shukla VK. 
Biofilm and wound healing: From bench to 
bedside. European journal of medical research. 
2023 Apr 25;28(1):157. 
https://doi.org/10.1186/s40001-023-01121-7 

8. Ladhani HA, Yowler CJ, Claridge JA. Burn 
wound colonization, infection, and sepsis. 
Surgical infections. 2021 Feb 1;22(1):44-8. 
https://doi.org/10.1089/sur.2020.346 

9. Durand BA, Pouget C, Magnan C, Molle V, 
Lavigne JP, Dunyach-Remy C. Bacterial 
interactions in the context of chronic wound 
biofilm: a review. Microorganisms. 2022 Jul 
25;10(8):1500. 
https://doi.org/10.3390/microorganisms100815
00 

10. Branch S. The Wound Healing Process. 
Carrier-mediated Gene and Drug Delivery for 
Dermal Wound Healing. 2023 Aug 11;4. 

11. Barki KG, Das A, Dixith S, Ghatak PD, Mathew-
Steiner S, Schwab E, Khanna S, Wozniak DJ, 
Roy S, Sen CK. Electric field-based dressing 
disrupts mixed-species bacterial biofilm 
infection and restores functional wound healing. 
Annals of surgery. 2019 Apr 1;269(4):756-66 
https://doi.org/10.1097/SLA.000000000000250
4 

https://doi.org/10.1097/PRS.0000000000010595
https://doi.org/10.1097/PRS.0000000000010595
https://doi.org/10.1089/wound.2021.0026
https://doi.org/10.1097/BCR.0000000000000479
https://doi.org/10.1097/BCR.0000000000000479
https://doi.org/10.1089/wound.2019.0946
https://doi.org/10.3390/ijerph19031338
https://doi.org/10.1186/s40001-023-01121-7
https://doi.org/10.1089/sur.2020.346
https://doi.org/10.3390/microorganisms10081500
https://doi.org/10.3390/microorganisms10081500
https://doi.org/10.1097/SLA.0000000000002504
https://doi.org/10.1097/SLA.0000000000002504


Ibraheem et. al. Babcock Univ. Med. J.2025 8(1):118-131 

129 
 

12. Secor PR, Burgener EB, Kinnersley M, 
Jennings LK, Roman-Cruz V, Popescu M, Van 
Belleghem JD, Haddock N, Copeland C, 
Michaels LA, de Vries CR. Pf bacteriophage 
and their impact on Pseudomonas virulence, 
mammalian immunity, and chronic infections. 
Frontiers in immunology. 2020 Feb 21;11:244. 
https://doi.org/10.3389/fimmu.2020.00244 

13. Omar A, Wright JB, Schultz G, Burrell R, 
Nadworny P. Microbial biofilms and chronic 
wounds. Microorganisms. 2017 Mar 7;5(1):9. 
https://doi.org/10.3390/microorganisms501000
9 

14. Wu YK, Cheng NC, Cheng CM. Biofilms in 
chronic wounds: pathogenesis and diagnosis. 
Trends in biotechnology. 2019 May 
1;37(5):505-17. 
https://doi.org/10.1016/j.tibtech.2018.10.011 

15. Haesler E, Swanson T, Ousey K, Carville K. 
Clinical indicators of wound infection and 
biofilm: reaching international consensus. 
Journal of wound care. 2019 Mar 
2;28(Sup3b):s4-12. 

16. D'Abbondanza JA, Shahrokhi S. Burn infection 
and burn sepsis. Surgical infections. 2021 Feb 
1;22(1):58-64. 
https://doi.org/10.12968/jowc.2019.28.Sup3b.S
4 

17. Shirakami E, Yamakawa S, Hayashida K. 
Strategies to prevent hypertrophic scar 
formation: a review of therapeutic interventions 
based on molecular evidence. Burns & trauma. 
2020;8:tkz003. 
https://doi.org/10.1093/burnst/tkz003 

18. ABWM. American Board of Wound 
Management. 
2021. https://abwmcertified.org (last accessed 
February 4, 2025). 

19. Singh K, Mathew-Steiner SS, Sen CK. 
Functional wound healing. InUncommon Ulcers 
of the Extremities 2023 Sep 29 (pp. 385-404). 
Singapore: Springer Nature Singapore. 
https://doi.org/10.1007/978-981-99-1782-2_30 

20. Sen CK, Roy S, Mathew-Steiner SS, Gordillo 
GM. Biofilm management in wound care. Plastic 
and reconstructive surgery. 2021 Aug 
1;148(2):275e-88e. 

21. Glasser JS, Guymon CH, Mende K, Wolf SE, 
Hospenthal DR, Murray CK. Activity of topical 
antimicrobial agents against multidrug-resistant 
bacteria recovered from burn patients. Burns. 
2010 Dec 1;36(8):1172-84. 
https://doi.org/10.1016/j.burns.2010.05.013 

22. Tejiram, S., & Shupp, J. W. (2024). Fighting A 
New Front On An Old Battlefield: Examining the 
Development of Topical Antimicrobial Care to 

Control Burn Wound Sepsis. Journal of Burn 
Care & Research. 
https://doi.org/10.1093/jbcr/irae178 

23. Agripina, R. N., & Fawzy, A. (2024). 
Advancements in Topical and Systemic 
Antibiotic Management for Burn Wounds: A 
Comprehensive Literature 

Review. International Journal of Medical 

Science and Clinical Research Studies, 04(05). 

https://doi.org/10.47191/ijmscrs/v4-i05-28 
24. Girerd-Genessay I, Bénet T, Vanhems P. 

Multidrug-resistant bacterial outbreaks in burn 
units: a synthesis of the literature according to 
the ORION statement. Journal of Burn Care & 
Research. 2016 May 1;37(3):172-80. 
https://doi.org/10.1097/BCR.00000000000002
56 

25. Van Duin D, Strassle PD, DiBiase LM, 
Lachiewicz AM, Rutala WA, Eitas T, Maile R, 
Kanamori H, Weber DJ, Cairns BA, Napravnik 
S. Timeline of healthcare-associated infections 
and pathogens after burn injuries. American 
journal of infection control. 2016 Dec 
1;44(12):1511-6. 
https://doi.org/10.1016/j.ajic.2016.07.027 

26. Vinaik R, Barayan D, Shahrokhi S, Jeschke 
MG. Management and prevention of drug-
resistant infections in burn patients. Expert 
review of anti-infective therapy. 2019 Aug 
3;17(8):607-19. 
https://doi.org/10.1080/14787210.2019.164820
8 

27. Dewani NT, Budi AS, Koendhori EB. Antibiotic 
Resistance in Bacteria on Burn Wound 
Patients: A Review of Current Literature. 

28. Yin D, Guo Y, Han R, Yang Y, Zhu D, Hu F. A 
modified Kirby-Bauer disc diffusion (mKB) 
method for accurately testing tigecycline 
susceptibility: a nation-wide multicenter 
comparative study. Journal of Medical 
Microbiology. 2023 Aug 8;72(8):001671. 
https://doi.org/10.1099/jmm.0.001671 

29. Yakupu A, Zhang J, Dong W, Song F, Dong J, 
Lu S. The epidemiological characteristics and 
trends of burns globally. BMC Public Health. 
2022 Aug 22;22(1):1596. 
https://doi.org/10.1186/s12889-022-13887-2 

30. Al Laham NA, Elmanama AA, Tayh GA. 
Possible risk factors associated with burn 
wound colonization in burn units of Gaza strip 
hospitals, Palestine. Annals of burns and fire 
disasters. 2013 Jun 6;26(2):68. 

31. Ladhani HA, Yowler CJ, Claridge JA. Burn 
wound colonization, infection, and sepsis. 
Surgical infections. 2021 Feb 1;22(1):44-8. 
https://doi.org/10.1089/sur.2020.346 

https://doi.org/10.3389/fimmu.2020.00244
https://doi.org/10.3390/microorganisms5010009
https://doi.org/10.3390/microorganisms5010009
https://doi.org/10.1016/j.tibtech.2018.10.011
https://doi.org/10.12968/jowc.2019.28.Sup3b.S4
https://doi.org/10.12968/jowc.2019.28.Sup3b.S4
https://doi.org/10.1093/burnst/tkz003
http://abwmcertified.org/
https://doi.org/10.1007/978-981-99-1782-2_30
https://doi.org/10.1016/j.burns.2010.05.013
https://doi.org/10.1093/jbcr/irae178
https://doi.org/10.47191/ijmscrs/v4-i05-28
https://doi.org/10.1097/BCR.0000000000000256
https://doi.org/10.1097/BCR.0000000000000256
https://doi.org/10.1016/j.ajic.2016.07.027
https://doi.org/10.1080/14787210.2019.1648208
https://doi.org/10.1080/14787210.2019.1648208
https://doi.org/10.1099/jmm.0.001671
https://doi.org/10.1186/s12889-022-13887-2
https://doi.org/10.1089/sur.2020.346


Ibraheem et. al. Babcock Univ. Med. J.2025 8(1):118-131 

130 
 

32. Erdogan H, Sencan A. Analysis of the 
epidemiological features and treatment results 
of burn injuries in a burn center in Turkey. 
Journal of Burn Care & Research. 2024 Jan 
1;45(1):169-79. 
https://doi.org/10.1093/jbcr/irad119 

33. Corcione S, Pensa A, Castiglione A, Lupia T, 
Bortolaso B, Romeo MR, Stella M, Rosa FG. 
Epidemiology, prevalence and risk factors for 
infections in burn patients: results from a 
regional burn centre’s analysis. Journal of 
Chemotherapy. 2021 Jan 2;33(1):62-6. 
https://doi.org/10.1080/1120009X.2020.17807
76 

34. Fatema K, Sultana S, Ali MH, Akter T, Islam S. 
Detection of pathogenic microorganisms from 
burn patients admitted in Tertiary Medical 
College Hospital and their antimicrobial 
patterns. Open Journal of Medical Microbiology. 
2021 Feb 2;11(1):58-67. 
https://doi.org/10.4236/ojmm.2021.111005 

35. Hateet R. Isolation and Identification of Some 
Bacteria Contemn in Burn Wounds in Misan, 
Iraq. Archives of Razi Institute. 2021 
Dec;76(6):1665. 

36. Serra R, Grande R, Butrico L, Rossi A, Settimio 
UF, Caroleo B, Amato B, Gallelli L, De 
Franciscis S. Chronic wound infections: the role 
of Pseudomonas aeruginosa and 
Staphylococcus aureus. Expert review of anti-
infective therapy. 2015 May 4;13(5):605-13. 
https://doi.org/10.1586/14787210.2015.102329
1 

37. Guan H, Dong W, Lu Y, Jiang M, Zhang D, 
Aobuliaximu Y, Dong J, Niu Y, Liu Y, Guan B, 
Tang J. Distribution and antibiotic resistance 
patterns of pathogenic bacteria in patients with 
chronic cutaneous wounds in China. Frontiers 
in medicine. 2021 Mar 17;8:609584. 
https://doi.org/10.3389/fmed.2021.609584 

38. Loesche M, Gardner SE, Kalan L, Horwinski J, 
Zheng Q, Hodkinson BP, Tyldsley AS, 
Franciscus CL, Hillis SL, Mehta S, Margolis DJ. 
Temporal stability in chronic wound microbiota 
is associated with poor healing. Journal of 
Investigative Dermatology. 2017 Jan 
1;137(1):237-44. 
https://doi.org/10.1016/j.jid.2016.08.009 

39. Saeed MA, Haque A, Ali A, Mohsin M, Bashir S, 
Tariq A, Afzal A, Iftikhar T, Sarwar Y. A profile 
of drug resistance genes and integrons in E. coli 
causing surgical wound infections in the 
Faisalabad region of Pakistan. The Journal of 
Antibiotics. 2009 Jun;62(6):319-23. 
https://doi.org/10.1038/ja.2009.37 

40. Nanoukon C, Argemi X, Sogbo F, Orekan J, 
Keller D, Affolabi D, Schramm F, Riegel P, 
Baba-Moussa L, Prévost G. Pathogenic 
features of clinically significant coagulase-
negative staphylococci in hospital and 
community infections in Benin. International 
Journal of Medical Microbiology. 2017 Jan 
1;307(1):75-82. 
https://doi.org/10.1016/j.ijmm.2016.11.001 

41. Maheswary T, Nurul AA, Fauzi MB. The insights 
of microbes’ roles in wound healing: A 
comprehensive review. Pharmaceutics. 2021 
Jun 29;13(7):981. 
https://doi.org/10.3390/pharmaceutics1307098
1 

42. Kelly EJ, Oliver MA, Carney BC, Shupp JW. 
Infection and burn injury. European Burn 
Journal. 2022 Feb 22;3(1):165-79. 
https://doi.org/10.3390/ebj3010014 

43. Moş I, Micle O, Zdrâncă M, Mureşan M, Vicaş 
L. Antibiotic sensitivity of the Escherichia coli 
strains isolated from infected skin wounds. 
Farmacia. 2010;58(5):637-44. 

44. Al-Azzawi MH, Alkalifawi EJ. Detection of 
Bacteria Causing Burn Infection Isolated from 
Several Hospitals in Baghdad. Ibn AL-Haitham 
Journal For Pure and Applied Sciences. 2023 
Jul 20;36(3):1-8. 
https://doi.org/10.30526/36.3.3090 

45. Hammoudi AA, Hussein AN. Antibiotic 
resistance of Klebsiella pneumoniae isolates 
from in-patients with burn infections. Journal of 
Wasit for Science and Medicine. 
2018;11(1):133-45. 
https://doi.org/10.31185/jwsm.448 

46. Wardhana A, Djan R, Halim Z. Bacterial and 
antimicrobial susceptibility profile and the 
prevalence of sepsis among burn patients at the 
burn unit of Cipto Mangunkusumo Hospital. 
Annals of burns and fire disasters. 2017 Jun 
6;30(2):107 
https://doi.org/10.26226/morressier.594bbebed
462b8028d893d64 

47. Rashid Mahmood A, Mansour Hussein N. Study 
of antibiotic-resistant genes in Pseudomonas 
aeroginosa isolated from burns and wounds. 
Archives of Raza Institute. 2022 Feb 
1;77(1):403-11. 

48. Rout S, Kumar R, Sahu KK. Temporal dynamics 
of the burn wound microbiome and their 
resistance towards various antibiotics: A 
hospital-based observational study. Journal of 
Integrative Medicine and Research. 2025 Jan 
1;3(1):24-9. 
https://doi.org/10.4103/jimr.jimr_56_24 

https://doi.org/10.1093/jbcr/irad119
https://doi.org/10.1080/1120009X.2020.1780776
https://doi.org/10.1080/1120009X.2020.1780776
https://doi.org/10.4236/ojmm.2021.111005
https://doi.org/10.1586/14787210.2015.1023291
https://doi.org/10.1586/14787210.2015.1023291
https://doi.org/10.3389/fmed.2021.609584
https://doi.org/10.1016/j.jid.2016.08.009
https://doi.org/10.1038/ja.2009.37
https://doi.org/10.1016/j.ijmm.2016.11.001
https://doi.org/10.3390/pharmaceutics13070981
https://doi.org/10.3390/pharmaceutics13070981
https://doi.org/10.3390/ebj3010014
https://doi.org/10.30526/36.3.3090
https://doi.org/10.31185/jwsm.448
https://doi.org/10.26226/morressier.594bbebed462b8028d893d64
https://doi.org/10.26226/morressier.594bbebed462b8028d893d64
https://doi.org/10.4103/jimr.jimr_56_24


Ibraheem et. al. Babcock Univ. Med. J.2025 8(1):118-131 

131 
 

49. Hernández C, Collado M, Machado AA, Núnez 
VP. Microbiological profile in patients 
hospitalized for burns. Revista Brasileira de 
Cirurgia Plástica. 2022 Oct 28;37:332-7. 
https://doi.org/10.5935/2177-
1235.2022RBCP.541-en 

50. Abazari M, Ghaffari A, Rashidzadeh H, Badeleh 
SM, Maleki Y. A systematic review on 
classification, identification, and healing 
process of burn wound healing. The 
International Journal of Lower Extremity 
Wounds. 2022 Mar;21(1):18-30. 
https://doi.org/10.1177/1534734620924857 

51. Uberoi A, McCready-Vangi A, Grice EA. The 
wound microbiota: microbial mechanisms of 
impaired wound healing and infection. Nature 
Reviews Microbiology. 2024 Apr 4:1-5. 
https://doi.org/10.1038/s41579-024-01035-z 

52. Resadita R, Seswandhana MR, Purnomo E, 
Anzhari S, Gabriela GC, Dachlan I, Aryandono 
T, Wirohadidjojo YW. The effect of NPWT in 
wound healing and bacterial count on deep 
dermal burn injury model: an experimental 
study. Annals of Medicine and Surgery. 2022 
Mar 1;75:103367. 
https://doi.org/10.1016/j.amsu.2022.103367 

53. Robson MC. Wound infection: a failure of 
wound healing caused by an imbalance of 
bacteria. Surgical Clinics of North America. 
1997 Jun 1;77(3):637-50. 
https://doi.org/10.1016/S0039-6109(05)70572-
7 

54. Cambiaso-Daniel J, Boukovalas S, Bitz GH, 
Branski LK, Herndon DN, Culnan DM. Topical 
antimicrobials in burn care: Part 1—topical 
antiseptics. Annals of plastic surgery. 2018 Jan 
9. 
https://doi.org/10.1097/SAP.000000000000129
7 

55. Hanekom, S., Wilson, M., Lozano, E., 
Hardcastle, T. C., Morrow, B., & van Aswegen, 
H. (2024). Burn Injuries (pp. 317–404). World 
Scientific. 
https://doi.org/10.1142/9789811280061_0008 

https://doi.org/10.5935/2177-1235.2022RBCP.541-en
https://doi.org/10.5935/2177-1235.2022RBCP.541-en
https://doi.org/10.1177/1534734620924857
https://doi.org/10.1038/s41579-024-01035-z
https://doi.org/10.1016/j.amsu.2022.103367
https://doi.org/10.1016/S0039-6109(05)70572-7
https://doi.org/10.1016/S0039-6109(05)70572-7
https://doi.org/10.1097/SAP.0000000000001297
https://doi.org/10.1097/SAP.0000000000001297
https://doi.org/10.1142/9789811280061_0008

