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Abstract

Background: Burns are a type of injury that occurs when the skin or other tissue is damaged
by heat, chemicals, electricity, sunlight, or radiation.

Objective: The purpose of this study was to determine the frequency of extended-spectrum
B-lactamase-producing (ESBL) and multidrug-resistant bacteria that were isolated from
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burn patients as well as the patterns of antibiotic sensitivity of each bacterial isolate.
Methodology: From June 2024 to January 2025, 86 burns swabs were collected from
hospitalized patients at Al-Najaf Central Hospital in Al-Najaf City, Iraq. Standardized
microbiological assays were used to identify every bacterial isolate that was generated.
The disc diffusion technique was used to test for antibiotic susceptibility. Standardized
procedures and criteria were followed in order to identify bacteria that were resistant to
multiple drugs (MDR) and extensive drugs (XDR) those that produced extended-spectrum
B-lactamases.

Results: Out of total 123 bacterial isolates; 44(36%) S. aureus, 28(23%) was K. pneumonia,
26(21%) A. boumannii, 13(10.5%) P. aeruginosa and 8(6.5%) E. coli (3.3%), 4(3%) P.
mirabilis. Out of total 123 bacterial isolates, there were 113(92%) were MDR and 10(8%)
were XDR. Out of total 79 gram negative bacteria, there were 25 isolates (32%) were ESBL
and 54 isolates (68%) non-ESBL. Ten K. pneumonia isolates (36%) were ESBL, 11(42%)
A. boumannii , 4(31%) P. aeruginosa and there were no any E. coli and P. mirabilis isolates
recorded as ESBL.

Conclusion: This study concluded that S. aureus was the most common caused burns
infections at Al-Najaf Hospital and the most prevalent ESBL bacteria were K.pneumonia
and A. boumannii.

© 2025 by the au-

thor’s. The terms and conditions of
the Creative Commons Attribution (CC
BY) license apply to this open access
article.

1. Introduction

Burns are a common type of injury that can occur in a variety of settings, and they can range in severity from minor to life-threatening [1].
The assessment and management of burn wounds are crucial for preventing complications and optimizing patient outcomes [2]. Burns are a
devastating form of traumatic injury that can lead to significant morbidity and mortality. In the United States, over 2 million individuals
sustain thermal injuries annually, with 5-7% requiring hospitalization and an estimated 12,000-15,000 burn victims dying from their injuries
each year. One important consideration in burn care is the risk of necrotizing soft-tissue infections, which can be a serious complication
of burn injuries. These infections are characterized by rapidly progressive tissue destruction and are associated with high morbidity and
mortality [3]. To address this challenge, prompt diagnosis, immediate radical surgical debridement, and aggressive critical care management
are essential.
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Burn injuries are a significant public health concern, affecting millions of individuals globally each year. Around 11 million patients
require burn-related medical care annually, with approximately 10% of these cases involving burns covering 30% or more of the total body
surface area [4]. The management of burn injuries remains a challenging endeavor, as these wounds are highly susceptible to infections that
can lead to severe complications and increased mortality.

In fact, 42-65% of burn victims die from infections, making it the leading cause of death following burn injuries. Burns are a common
type of injury that can lead to various complications, including infections caused by both gram-negative and gram-positive bacteria [5].
Effective topical antimicrobial chemotherapy and early burn wound excision have significantly reduced the overall occurrence of invasive
burn wound infections [6]. However, individual patients, particularly those with extensive burns where wound closure is difficult to achieve,
may still develop a variety of bacterial and nonbacterial burn wound infections [7]. Burn injury is a major challenge for the patient’s immune
system, leaving them immunocompromised and vulnerable to pathogens such as nosocomial bacterial infections and multidrug-resistant
pathogens [8]. Infections caused by ESBL-producing bacteria in burn patients are associated with significantly higher mortality rates
compared to infections with non-ESBL-producing strains. Proper infection control practices and prompt initiation of appropriate antibiotic
therapy are essential to prevent the spread of these multidrug-resistant organisms and improve patient outcomes [9, 10].

The increasing prevalence of ESBL-producing bacteria is a major concern in the management of burn injuries, as these pathogens can
cause life-threatening systemic infections and complicate patient care. Carbapenems are often considered the treatment of choice for severe
ESBL-producing Enterobacteriaceae infections, although comparative clinical data are limited [11].

More research is needed to better understand the epidemiology, risk factors, and optimal management strategies for ESBL infections
in the burn patient population. Vigilant surveillance, strengthening of infection control measures, and judicious antibiotic stewardship are
crucial to mitigate the adverse impact of these problematic pathogens in burn care settings [12].

The purpose of this study was to determine the frequency of multi-drug resistant bacteria and extended-spectrum f3-lactamase-producing
bacteria that were isolated from burn patients at Al-Najaf Central Hospital in Al-Najaf City, Iraq. This goal was to improve our knowledge of
the most common bacteria and their resistance to various antimicrobials in order to stop these isolates from reoccurring in the future.

2. Methods

Ethical Considerations

We certify that we have obtained consent for this study, including consent from participants and patient swabs. After receiving consent
from the hospital’s treatment and care team, the doctor took all of the swabs and gave them to us. The participants’ doctor at the Burns
Department of Al-Najaf Central Hospital in Al-Najaf City provided all of the swabs. All swabs were sent right away for processing to the
University of Kufa’s Faculty of Science’s Laboratory of Microbiology. Note: The following information was written on each swab: age,
sex, and length of hospital stay following burning. Since Al Najaf Central Hospital is a member of the University of Kufa, a pre-existing
agreement between the hospital and the university governing the collecting of clinical samples meant that written clearance was not required.
Every patient gave their oral consent to be sampled.

Study Design, Burns Swabs Collection and Bacterial Identification

From June 2024 to February 2025, a cross-sectional descriptive research was conducted at the Al-Najaf Central Hospital in Al-Najaf City,
Iraq. Three swabs were taken from each patient at the end of their seven-day stay. A total of 86 swabs (emulsion with normal saline) were
taken from the burned area of hospitalised patients with second-degree burn infections (who displayed signs of infection during the changing
of dressings) who ranged in age from 18 to 45. To promote bacterial growth, all obtained swabs were immediately cultured with brain heart
infusion broth for 24 hours at 37°C. They were then streaked onto blood agar using a swab and the chocolate agar surface, and they were
incubated aerobically for 24 to 48 hours at 37°C. Standard microbiological tests, including colony morphology, blood haemolysis onto the
blood agar surface, gramme stain, oxidase, catalase, imvic, motility, coagulase, growth on MacConkey agar, and Mannitol salt agar, were
used to identify all emerged bacterial isolates.

Antimicrobials Susceptibility Test

The disc diffusion method, which follows the Kirby-Bauer method [13], was used to examine the antimicrobials’ susceptibility on the
Mueller Hinton agar surface. In this investigation, fourteen distinct antimicrobial discs from Oxoid were utilised, USA as follow: penicillin
10IU (P), amoxicillin 25ug (AX), Amoxiclav 30ug (AMC), ceftriaxone 30ug (CRO), cefotaxime 30ug (CTX), ceftazidime 30ug (CAZ),
gentamicin 10ug (GM), tobramycin 10 g (TM), amikacin 30 g (NA), ciprofloxacin 5ug (CIP), imipenem 10pg (IMP), Streptomycin 10ug
(S), erythromycin 30ug (E), tetracycline 30 ng (TE). The diameters of inhibition zones (mm) were measured using a caliper measure each
zone with the unaided eye, and compared with clinical and laboratory standards institute (CLSI) guideline 2024 [14]. A bacterial isolate was
classified as extensive-drug resistant (XDR) if it was resistant to all but two or three antimicrobial classes or as MDR if it was resistant to at
least three distinct antimicrobial classes [15].

Phenotypic Detection of Extended Spectrum Betalactamase-Producing Bacteria

AMC disc 30ug was placed in the centre of the agar plate, and CRO 30ug, CTX 30ug, and CAZ 30ug were placed around AMC disc 30ug
(15 mm from centre to centre). All bacterial isolates (turbidity was adjusted according to McFarland tube 0.5) were streaked onto Mueller
Hinton agar surface using a sterile swab. This test was conducted in accordance with the modified double disc synergy test (MDDST) [16].
Every plate was incubated for 24 hours at 37°C in an aerobic environment. A favourable result for the extended spectrum beta-lactamase was
defined as any increase in the inhibition zone towards AMC disc 30ug.
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Statistical Analysis

Percentages were used in this study to compare between the prevalence of pathogenic bacteria and their resistant to antimicrobials using
Graphpad-prism V.10 computer software [17].

3. Results

Total Burns Swabs and Total Bacterial Isolates

In this study, 86 burns swabs were collected from 86 patients infected with burns infections; 52 male and 34 female. The results of the
current study showed that out of total 86 burns swabs, there were 123 positive bacterial cultures; 79 gram negative bacteria (64%) and 44
gram positive bacteria (36%). Out of 123 total bacterial growth, there were 88 (71.5%) were mixed growth and 35 (28.5%) were single
growth Table 1.

Table 1: Total single and mixed bacterial isolates from patient infected with burns infections.

Gram stain Single isolates | Mixed growth | Total (%)
Gram-negative | 25 54 79(64%)
Gram-positive 10 34 44(36%)
Total (%) 35(28.5%) 88(71.5%) 123(100)

Patients and Age Groups

The current study demonstrated that out of total 86 patients, there were 52 male (60%) and 34 female (40%). Age group 21-30 was the most
age infected with burns infections with 29 cases (34%): 17 male and 12 female followed by age group 31-40 with 20 cases (23%): 10 male
and 10 female, while, there were 13 cases (15%) for each age groups 1-10 and 11-20, and 6, 4 and 1 case for age groups 41-50, 51-60, 61-70
respectively Table 2.

Table 2: Total number of male and female patient infection with burn according to age groups.

Age/year | 1-10 11-20 21-30 31-40 41-50 | 51-60 | 61-70 | Total (%)
Male 8 11 17 10 4 2 0 52 (60)
Female 5 2 12 10 2 2 1 34 (40)
Total 13(15) | 13(15) | 29(34) | 20(23) | 6 (7) 4(5) 1(1) 86 (100)

Patients and Total Bacterial Growth

The results of the present study showed that out 123 total bacterial isolates, there were 67 (54.5%) isolated from 52 male patients; 44 gram
negative bacteria (17 single growth, 27 mix growth) and 23 gram positive bacteria (6 single growth, 17 mix growth). While 56 bacterial
isolates (45.5%) from 34 female patients; 35 gram negative bacteria (8 single growth, 27 mix growth) and 21 gram positive bacteria (4 single
growth, 17 mix growth) Table 3.

Table 3: Total bacterial growth isolated from male and female infected with burns infections.

Male 52 Female 34 Total
Gram-negative Gram-positive Gram-negative Gram-positive
Single | Mix Single | Mix Single Mix Single | Mix
growth | growth | growth | growth growth | growth | growth | growth
17 27 6 17 8 27 4 17
123
44 23 35 21 (100%)
Total: 67 (54.5%) Total: 56 (45.5%)

Numbers and Percentages of Total Bacterial Isolates

The results of the current study revealed that out of total 123 bacterial isolates; there were 44(36%) S. aureus isolates from women’s urine
infected with UTI (10 isolates from single growth and 34 from mixed growth), 28(23%) was K. pneumonia (one isolate from single growth
and 27 from mixed growth), 26(21%) A. boumannii (14 isolates from single growth and 12 from mixed growth), 13(10.5%) P. aeruginosa
(9 isolates from single growth and 4 from mixed growth), 8(6.5%) was E. coli (one isolate from single growth and 7 from mixed growth),
(3.3%), 4(3%) was P. mirabilis from mixed growth Figure 1, 2.

Antibiotics Resistance

Table 5 revealed the numbers and percentages of gram negative bacteria that were sensitive and resistant to 12 antibiotics.
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Table 4: Numbers and percentages of bacterial isolates from patient infected with burns infections in this study.

Bacterial isolates | Single growth | Mix growth | Total

S. aureus 10 34 44 (36%)
K.pneumonia 1 27 28 (23%)
A. boumannii 14 12 26 (21%)
P. aeruginosa 9 4 13 (10.5%)
E. coli 1 7 8 (6.5%)

P. mirabilis 0 4 4 (3%)
Total 35 (28%) 88 (72%) 123 (100%)

Figure 1: Bacterial growth onto CHROMagar agar medium at 37° C for 24 h. /: K.pneumoniae, 2: S.aureus, 2: E.coli, 3: A. boumannii, 4: Pmirabilis, 5:
E.coli, 6: Paeruginosa

The results showed that all bacterial isolates were highly resistance to the most antibiotics. K. pneumoniae, A. boumannii and P.
aeruginosa were highly resistance to amoxicillin while E.coli and P. mirabilis was resistance with moderate percentages. On the other hand,
the results showed that there were out of total 26 A. boumannii isolates, there were 2 isolates (8%) that were resistance to Imipenem.

The results of the present study showed that out of 44 S. aureus isolates there were 30(68%) were resistance to erythromycin, minocycline,
ciprofloxacin and tetracycline Figure 2. While, there were 22 isolates (50%) resistant to azithromycin, 20 isolates (45.5%) were resistant to
gentamicin, doxycycline and levofloxacin.

Table 5: Association between Butchers’ Socio-Demographic Factors and the Prevalence of Intestinal Worms.

AB K.pneumonia A. boumannii P. aeruginosa E. coli P. mirabilis
28NO.(%) 26NO0.(%) 13NO.(%) 8NO.(%) 4NO.(%)
S R S R S R S R S R

AX 8(28.8) 20(71.5) | 4(15) 22(85) | 3(23) 10(77) | 3(37.5) | 5(62.5) | 3(75) 1(25)
AMC | 8(28.8) 20(71.5) | 3(12) 23(88) | 3(23) 10(77) | 3(37.5) | 5(62.5) | 2(50) 2(50)
CTX | 13(46) 15(54) 6(23) 20(77) | 4(31) 9(69) 3(37.5) | 5(62.5) | 3(75) 1(25)
CRO | 13(46) 15(54) 6(23) 20(77) | 4(31) 9(69) 5(62.5) | 3(37.5) | 3(75) 1(25)
CAZ | 13(46) 15(54) 6(23) 20(77) | 5(38) 8(62) 5(62.5) | 3(37.5) | 3(75) 1(25)
LIV 10(36) 18(64) 4(15) 22(85) | 3(23) 10(77) | 5(62.5) | 3(37.5) | 2(50) 2(50)
CN 7(25) 21(75) 6(23) 20(77) | 6(46) 7(54) 4(50) 4(50) 2(50) 2(50)
CIP 6(21) 22(79) 11(42) | 15(58) | 5(38) 8(62) 4 (50) 4 (50) 2(50) 2(50)
TE 6(21) 22(79) 11(42) | 15(58) | 3(23) 10(77) | 4(50) 4(50) 2(50) 2(50)
AK 13(46) 15(54) 6(23) 20(77) | 3(23) 10(77) | 5(62.5) | 3(37.5) | 3(75) 1(25)
™ 13(46) 15(54) 6(23) 20(77) | 4(31) 9(69) 4(50) 4(50) 2(50) 2(50)
IMP 28(100) 0(0.0) 24(92) | 2(8) 13(100) | 0(0.0) | 8(100) | 0(0.0) 4(100) | 0(0.0)

AB: Antibiotics, S: Sensitive, R: Resistance, AX: Amoxicillin 25ug
AMC:Amoxicillin+clavulanic acid 325/10ug,CTX: Cefotaxime 30ug, CRO:
Ceftriaxone 30ug, CAZ: Ceftazidime 30ug, LIV: Levofloxacin S5ug,

CN: Gentamicin 15ug, CIP: Ciprofloxacin Sug, TE: Tetracycline 30 Ul

AK: Amikacin 30ug, TM: Tobramycin 10ug,IMP: Imipenem 10ug
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Figure 2: Forty four S. aureus isolates from patients infected with burns infections that were sensitive and resistance to antibiotics. GEN: gentamicin 10 mg,
AZM: azithromycin 15mg, E: erythromycin 15mg, MI: minocycline 30mg, CIP: ciprofloxacin 30mg, DO: doxycycline hydrochloride 30mg, PC: piperacillin
100mg, TE: tetracycline 30mg, CLI: clindamycin 2mg, LEV: levofloxacinSmg

bl

Type of Resistance

The results of the current study showed that there were two resistance types of bacterial isolates from patients infected with burns infections
Table 6. The antibiotic sensitivity pattern indicated that out of total 123 bacterial isolates, there were 113(92%) were MDR and 10(8%) were
XDR.

The results showed that out of total 44 S. aureus isolates, there were 38(86%) MDR and 6 isolates (14%) XDR, out of total 28 K.
pneumonia isolates, there were 27(96%) MDR and 1(4%) was XDR. While, out of total 26 A. boumannii isolates, there were 24(92%) MDR
and 2(8%) were XDR, of the total 13 P. aeruginosa isolates, there were 12(92%) were MDR and 1(8%) was XDR. On the other hand, all 8
E.coli isolates and all 4 P. mirabilis were MDR Table 6.

Table 6: Type of resistance of bacterial isolates from patients with burns infections in this study.

Bacterial isolates | MDR XDR Total

S. aureus 38(86%) 6(14%) | 44(36%)
K.pneumonia 27(96%) 1(4%) 28(23%)
A. boumannii 24(92%) 2(8%) 26(21%)
P. aeruginosa 12(92%) 1(8%) 13(10.5%)
E. coli 8(100%) 0 8(6.5%)

P. mirabilis 4(100%) 0 4(3%)
Total 113(92%) | 10(8%) | 123(100%)

Extended Spectrum Beta Lactamase Producing Gram Negative Bacteria

The results of the current study demonstrated that out of total 79 gram negative bacteria, there were 25 isolates (32%) were ESBL- producing
gram negative bacteria 54 isolates (68%) were non-ESBL producing gram negative bacteria according to phenotypic detection method.

Of the 28 K. pneumonia isolates, there were 10(36%) were ESBL-producing bacteria and 18(64%) were non-ESBL. Out of total 26 A.
boumannii, 11(42%) were ESBL Figure 3 and 15(58%) non-ESBL, while, of the 13 P. aeruginosa isolates, there were 4(31%) were ESBL
and 9(69%) non ESBL. On the other hand, the results proved that, there were no any E. coli and P. mirabilis isolates recorded as ESBL Table
7.

Table 7: Total ESBL-producing gram negative bacteria in this study.

Bacterial isolates | ESBL Non ESBL | Total
K.pneumonia 10(36%) | 18(64%) 28(23%)
A.boumannii 11(42%) | 15(58%) 26(21%)
Paeruginosa 431%) 9(69%) 13(10.5%)
E.coli 0(0.0%) | 8(100%) 8(6.5%)
Pmirabilis 0(0.0%) | 4(100%) 4(3%)
Total 25(32%) | 54(68%) 79(100%)
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Figure 3: Positive result of phenotypic test of ESBL-producing A. boumannii isolated from patients with burn infection (Isolate No. 6)

>

4. Discussion

Burn infections are a serious concern for individuals who have suffered from severe burns. According to reports, around 11 million patients
need burn-related medical care every year, with approximately 10% of those burn injury patients suffering from burns covering 30% or more
of their entire body surface [18]. Burn victims with infections have a fatality rate that is twice as those without infections, as a dysregulated
immune system increases the risk for infection in patients. Burn injury is a major challenge for the patient’s immune system, leaving
them immunocompromised and vulnerable to pathogens such as nosocomial bacterial infections and multidrug-resistant pathogens [19].
Consequently, the entirety of the burn wound must be examined on a daily basis by the attending surgeon, as any change in wound appearance,
with or without associated clinical changes, should be evaluated by biopsy [20]. Even so, effective topical antimicrobial chemotherapy and
early burn wound excision have significantly reduced the overall occurrence of invasive burn wound infections. The wound severity and
prognosis depend on various factors, such as the surface area of the burn, the degree of the burn, the patient’s medical history, and their age
[21].

Gram-negative bacterial infections have become a significant public health concern due to the increasing prevalence of antibiotic resistance,
with many strains of bacteria exhibiting resistance to multiple classes of antibiotics. Gram-negative bacteria, such as Enterobacteriaceae,
Pseudomonas, and Acinetobacter, are particularly problematic as they are often associated with serious nosocomial infections and are linked
to high morbidity and mortality rates [22].

The study by Rhee et al. examined the prevalence of infections caused by four key carbapenem-resistant gram-negative pathogens in the
United States, finding that these infections were predominated by Acinetobacter species. This aligns with the findings of other studies, which
have highlighted the growing threat of Acinetobacter infections, with these bacteria accounting for a significant proportion of mortality
due to multidrug-resistant healthcare-associated infections [23]. The high rates of antibiotic resistance among Acinetobacter isolates are
particularly concerning, as they can limit the treatment options available to clinicians, leading to increased lengths of hospital stay and poorer
patient outcomes [24].

Surveillance efforts are crucial for understanding the epidemiology of gram-negative, healthcare-associated infections and guiding the
development of appropriate infection control measures. Phenotypic and genotypic methods for detecting resistance mechanisms, such as
metallo-beta-lactamase production, are important tools for monitoring the spread of antibiotic resistance among these pathogens [25].

According to reports, around 11 million patients need burn-related medical care every year, with approximately 10% suffering from
burns covering 30% or more of their entire body surface [26]. Burn injuries compromise the integumentary barrier, leaving patients
immunocompromised and vulnerable to pathogens such as nosocomial bacterial infections and multidrug-resistant organisms. Patients with
extensive burns in whom wound closure is difficult to achieve may develop a variety of bacterial and nonbacterial burn wound infections [27].

Effective topical antimicrobial chemotherapy and early burn wound excision have significantly reduced the overall occurrence of invasive
burn wound infections, but individual patients may still develop a variety of bacterial and nonbacterial burn wound infections [28]. ESBLs
are classified into several groups based on their amino acid sequence homology and they have become a global public health concern. E.coli
and K. pneumoniae are the most common ESBL-producing bacterial species, although these enzymes have been detected in various other
Enterobacteriaceae and Pseudomonadaceae [29]. Patients with infections caused by ESBL-producing Enterobacteriaceae should not be
treated with beta-lactam antibiotics due to the high risk of therapeutic failure and increased infectiousness, which could result in death.
Early detection of these multidrug-resistant bacteria is crucial in defining appropriate therapies and implementing proper infection control
measures to prevent the spread of these pathogens and hospital-acquired infections or outbreaks in the community [30].

5. Conclusion

The most common bacteria that caused burn infections and had a high incidence of XDR-bacteria at Iraq’s Al-Najaf Hospital were
Staphylococcus aureus, K. pneumonia and A. boumannii. The most common bacteria that produced ESBLs were K. pneumoniae, A.
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boumannii, and P. aeruginosa.
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