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X-ray radiation, Background: Multi-drug-resistant (MDR) bacteria are a significant global health
OXA-23, OXA- concern due to their elevated rates of morbidity and mortality in burn patients. In This
48, bla-TEM. study investigated the presence of multidrug-resistant pathogenic bacteria in individuals
Omp A, Multi- with burn injuries, the formation of biofilms, and the impact of X-ray radiation.

drug resistance  \ethod: For this study Clinical swabs about120 burn patients were obtained between

(MDR), Bum  pecember 2023 and June 2024 from burn units at Ramadi and Falluja Teaching

infection. Hospitals. Both conventional and Vitek2(bioMérieux) methods were used to identify
the bacterial isolates. The isolates were then divided into three multi-drug resistance
groups. The Colorimetric method (MTP) detected biofilms. To detect blaOXA-
23,blaOXA-48, Omp, and blaTEM resistance genes, multiplex PCR was used. This
research used two lumbosacral spine X-ray levels. Two levels of radiation were used 40
(80KV) mAs and 51.2 (85K V).

Result: Results of burn isolation revealed 30(27%) P.aeruginosa, 18(16%)
k.pneumoniae, 7(6%) E.coli, 7(6%) P.mirabilis. Of the all isolates, 100% produced
biofilm. The Multiplex-PCR analysis revealed that the blaTEM genes were the
predominant ones, constituting 30% of the samples. Subsequently, blaOXA-23
constituted 24.5% of the cases, whereas Omp accounted for 22.7% and blaOXA-48 for
13.6%. The radiation impact of X-rays produced by two dosages, 40(80KV)mAs for
125msec and 51,2(85KV) mAs for 160msec, demonstrates that there is no effect or
alteration in the resistance capacity of all the bacterial isolates tested.

Conclusion: This study showed that burn unit isolates produce ESBLS, which is a major
concern in the intensive care unit due to its high morbidity and potential mortality.
These data match antibiotic phenotypic test results showing substantial cefepime
resistance. All isolates forming biofilms, this may association with high pathogenicity.
This demands quick intervention to manage nosocomial outbreaks. No X-ray effect was
seen on susceptibility a burn unit bacterial isolate.

1. Introduction

Antimicrobial agent resistance has become increasingly widespread in recent years and is a
significant global public health according the World Health Organisation. The rise of multidrug-
resistant microorganisms has been cited as the cause of the rise in morbidity and mortality caused by
microbial infections [1]. Microorganisms that are resistant to numerous medications, known as MDR
infections, present substantial challenges for burn intensive care units .[2]. Colonisation of burn
wounds by opportunistic bacteria such as Pseudomonas aeruginosa, E.coli and Klebsiella
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pneumoniae has led to disease outbreaks in burn units worldwide[3].

The empirical antibiotic treatment for multidrug-resistant Pseudomonas aeruginosa has resulted in
unfavourable outcomes, including high rates of illness, death, prolonged hospital admissions, and
significant financial and therapeutic burdens on both healthcare systems and individuals [4]. K.
pneumoniae is also a major nosocomial pathogen that can colonise skin and mucosae and cause
serious local and systemic wound infections. Antibiotic resistance, especially to carbapenem,
fluoroquinolones, and colistin, is spreading, leaving few treatments for MDR K. pneumoniae
infections [5].

Another issue associated with burn infections is the formation of biofilms, which are composed of
host proteins and a mucous layer. Biofilms are essential for pathogenicity, as they establish an
optimal environment for bacterial growth and the development of resistance to therapy. A higher
tolerance and resistance to medications, as well as persistent inflammation, are associated with
biofilm production [6] [7]. Many studies have examined Pseudomonas aeruginosa, but little is known
about other dangerous bacteria that produce biofilms and their relationship to antibiotic-resistant
bacteria in burn patients [8].

Studies conducted have revealed a concerning prevalence of bacterial infections that produce B-
lactamase and carbapenemase enzymes, as well as an increasing resistance to other antibiotics. [9].
Carbapenemase enzymes are the most prevalent mechanism by which carbapenem resistance
develops. In contrast to Escherichia coli or other Enterobacterial species, Carbapenem resistance has
been identified in Enterobacteriaceae, with Klebsiella pneumococcal resistance being the most
prevalent. Additionally, Carbapenem resistance has been observed in non-ferm bacteria[10]. Several
gene products, including Omp have been identified as critical factors in the promotion of adhesion
and the production of biofilms in bacterial pathogen, owing to the intricate character of biofilm
development[11]. It has also been extensively recognised that the blaTEM genes are the most
prevalent genes that confer antibiotic resistance in pathogenic bacteria on a global scale[12]. The
Class D carbapenemase (OXA enzymes) are the primary cause of resistance in A. baumannii
globally. Carbapenem-inactivating enzymes are also included[13].

Recently, there has been progress in utilising X-ray radiation to eliminate microorganisms without
causing any harm to the patient[14]. This finding implies the possibility of utilising X-ray technology
to eradicate microorganisms within living organisms. Bacteria have a highly condensed genome,
making them vulnerable to either cell death or genetic changes when exposed to diagnostic levels of
X-ray radiation[15].

2. Methodology

Data sources

For the study, a total of 120 clinical samples were obtained from burn patients between December
2023 and June 2024. The samples were obtained from the burn units of Ramadi Teaching Hospital
and Falluja Teaching Hospital. The patient's permission to collect a sample was acquired.

Specimens

Swab samples are obtained from various body regions using a sterile transport medium swab. These
samples are then cultured on selected media, following bacteriology standards, for a period of 24 hr
at a temperature of 37 °C.

Bacterial species identification.

Gram-stained smears were used to examine all samples under a microscope. The specimens were
introduced onto appropriate culture media. The presence of microbial growth was identified using
established microbiological methods following the suggested duration. A variety of biochemical

assays, including the triple sugar iron (TSI) fermentation test, oxidase, indole, motility, urease, and
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arginine hydrolysis, were employed to identify the species, as well as the Vitek2 system
(bioMérieux).

Antibiotic susceptibility test

The Kirby Bauer's Disc Diffusion method is employed to perform the antibiotic susceptibility test on
bacterial isolates. The isolates were grown on Mueller-Hinton Agar at a concentration of 0.5
McFarland for 24 hr at a temperature of 37 °C. [16], [17] A total of 10-14 distinct antibiotics were
utilised. Interpretation of results is based on the CLSI-2023 recommendations[18]. Vitek2
system(bioMérieux) is also used for antibiotic susceptibility tests.

Biofilm Formation Quantitative Assay

Biofilm formation is quantified using a colourimetric microtiter technique (Spectrophotometric
method)[19]. To determine the quantity of biofilm generated by a microorganism, the Microtiter plate
(MTP) assay employs a microplate reader and is a precise quantitative method. A turbidity
adjustment of 0.5 McFarland is performed on the bacterial suspension in Brain Heart Infusion Broth
(BHI), to which (1% ) glucose is added. A concentration of 5.106 cfu/ml is achieved by diluting the
bacterial suspension by a factor of 20 (1/20). In order to achieve a final concentration of 5.105 cfu/ml
(tenfold dilution 1/10), 180 ul of (BHI) containing (1%) glucose is mixed with 20 pl of bacterial
suspensions in a sterile polystyrene microplate with 96 flat-bottomed wells. 24-hour incubation at
37°C is performed on the microplates. Biofilms are generated by the microorganisms that adhere to
the walls of microplate wells. With only 100 microliters of Crystal violet, these biofilms were stained
for 15 minutes. Phosphate-buffered saline (PBS) at a pH of 7.2 is utilised to rinse the microplate
wells twice in order to eliminate any free-floating cells prior to staining.

Following this, the safranin-stained wells of microplates are cleansed twice with Phosphate-buffered
saline (PBS) in order to eliminate the stain. After allowing the wells of the microplate to dry, the dye
present in the biofilms that covered the walls of the microplate can be dissolved using 150 pl of
100% ethanol. The microplate is quantified at a wavelength of 570 nm, utilising spectrophotometry
and a microplate reader. Duplicate investigations are performed for each. Negative controls are
blanks, which are inoculated wells containing sterile (BHI) supplemented with (1%) glucose. By
utilising the blank absorbance measurements, the presence or absence of biofilm formation in the
isolates can be determined ( Figure 1). The cut-off value (ODc) can be used to categorise isolates as
either biofilm producers or non-producers ( Table 1)[19].
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Figure (1) Measurement of biofilm formatlon by MTP method

Table (1): Cut-off value (ODc) and biofilm formation .

Cut-off OD value Biofilm formation
OD< 0.08324 No biofilm
0.15-0.24 Weak biofilm
0.25-0.39 Moderate
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0.3 Strong
Molecular Analysis
DNA extraction

Following the manufacturer's instructions, the Bosphore extraction versatile Spin Kit (Anatolia
genworks-Istanbul, Turkiye) was employed to extract DNA from all pathogenic bacteria isolates. A
template for multiplex polymerase chain reaction (mPCR) was used from the liquid portion that
contained DNA. Using an ultraviolet spectrophotometer, the A260/A280 ratio was quantified to
evaluate the quality of the DNA, and its integrity was determined through agarose electrophoresis.
The isolates mentioned above' genomic DNA (gDNA) was maintained at a temperature of -40 °C
until it was defrosted on ice just prior to analysis.

DNA Amplification and Detection

The screening for the following resistance genes was conducted using Multiplex PCR, as previously
outlined: Resistance to carbapenems. The mentioned terms include blaoxa-zs, blaoxa4s, OMpA [20],
[21], and extended spectrum-B-lactamases blarem [22]. The following temperature and cycling
settings were used (Table 2).

Table (2): Research primers, temperature, and cycles of each gene.
DNA

Gene Sequence (5....... 3)* Annealing amplicon No. of
temperature - cycles
size (bp

ATTCGAATTCGCTACTATGCTTGTTGCT

OmpA-F GCT 60.9 1043

OmpA-R ATGTAAGCTTCGCTTCTTGACCAGGTTG ’ 35
AAC

blaoxa-23-F GATCGGATTGGAGAACCAGA 56 501

blaoxa-23-R ATTTCTGACCGCATTTCCAT 35

blaoxa-as-F GCGTGGTTAAGGATGAACAC 52 438

blaoxa-18-R CATCAAGTTCAACCCAACCG 35

blatem-F GAGACAATAACCCTGGTAAAT 56 459

blatem-R AGAAGTAAGTTGGCAGCAGTG 35

X-ray radiation
Sub-culture for bacterial isolates has the MDR and XDR, as well as exposure to two levels of X-ray

radiation of the lumbosacral spine. Radiation doses 40(80KV) mAs for 125msec and 51,2(85KV)
mAs for 160msec. After that, bacterial isolates examined antimicrobial susceptibility testing.

Statistical analysis

Data was analysed using IBM SPSS-29 (IBM Statistical Packages for Social Sciences, version 29,
Chicago, IL, USA). Simple frequency, percentage, mean, standard deviation, and range
measurements were used. The significance of percentage differences (qualitative data) was assessed
using Pearson Chi-square (x2-test) with Yate's correction or Fisher Exact test when applicable. P
values of 0.05 or less indicated statistical significance.

Ethical consideration

The Medical Ethics Committee of the University of Al-Anbar Governorate in Ramadi, Iraq, granted
approval for this study in accordance with the Helsinki Declaration. Every individual involved in the
research, including patients and their parents, submitted a completed informed permission form
(dated 3/12/2023).

3. Results and discussion

Among 120 samples from burn patients admitted to the burn units of Ramadi Teaching Hospital and
Falluja Teaching Hospital. After being diagnosed , the numbers of each bacteria were shown in
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(Figure 2). This shows that Pseudomonas aeruginosa was the most prevalent bacteria comparison to
other species.
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Figure (2): The distribution of bacteria isolated from patients

(Table 3) shows a relationship between the Al-Ramdi unit and the Al-Fallujah unit according to the
type of bacterial infections.

Table (3): The percentage of bacteria isolated from burn patients in two units.

. . Al-Fallujah center Al-Ramadi center P-value*
Bacteria isolated from patients
n\% n\%
Escherichia coli 4(7.4%) 3(7%)
Klebsiella pneumoniae 14(20.6%) 4(9.3%)
Proteus mirabilis 5(7.4%) 2(4.7%) 0.174
Pseudomonas aeruginosa 14(20.6%) 16(37.2%)

*Significant difference between percentages using Pearson Chi-square test (x?-test) at 0.05 level.

To identify antibiotic-resistant species, a total of 120 samples were tested. 30(27%) of the isolates
was P. aeruginosa, 18(16%) Klebsiella spp, 7(6%) E.coli, 7(6%) P.mirabilis. The Clinical and
Laboratory Standards Institute (CLSI) issued guidelines for selecting antibiotics for each strain. The
findings demonstrated that Cefepime exhibited a greater proportion of antibiotic resistance at
20(32%), whereas Piperacillin / Tazobactam and Ciprofloxacin had a lower percentage at 18(29%)
(Figure 3).
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Figure (3): Numbers of antibiotic resistances in bacterial isolates

Bacteria resistant to many antibiotics were discovered in over three categories of drugs. A high
percentage of isolates showed multidrug-resistant bacteria(MDR) and Extensively drug-resistant
(XDR). Al isolates showed high capacity of biofilm formation (Table 4).

Table (4): The percentage of MDR, XDR, and biofilm formation.

Strongbiofilm = Moderate biofilm

: MDR PDR® XDR : :

Hospital name formation formation
n\% n\% n\% n\% n\%

ﬁ(')‘s';?t';‘f‘ah 49(72.1%) 3(4.4%) 16(235%)  39(57.4%) 20(24.6%)

AL-Ramadi )65 194 1(2.3%) 14(32.6%)  25(58.1%) 18(41.9%)

hospital

p-value* 0.523 0.935

Abbreviation: # Pan drug resistance
*Significant difference between percentages using Pearson Chi-square test (x2-test) at 0.05 level.

In 64 (50%) of the isolates, strong biofilm formation was observed. There was no significant
difference in the biofilm formation capacity of isolates from the two hospitals, as indicated by the
statistical analysis conducted using Pearson's chi-square test (P = 0.935).

Molecular typing was conducted on multi-drug resistant (MDR) and extensively drug resistance
(XDR) isolates, consisting of 30 P. aeruginosa, 18 Klebsiella spp, 7 E.coli, 7 P.mirabilis. The results
of the Multiplex-PCR analysis indicated that The blatem gene were the most prevalent, accounting
for 33(30%) of the samples. This was followed by OXA-23, which accounted for 27(24.5%), OmpA
at 25(22.7%), and OXA-48 at 15(13.6%), respectively (Table 5).

The radiation effect of X-rays generated by two doses, 40(80KV)mAs for 125msec and 51,2(85KV)
mAs for 160msec, show that there is no effect or change on the resistance ability on all obtained
bacterial isolates .

Table (5): Distribution of genes among bacterial pathogen

P.aeruginosa K.pneumoniae E.coli P.mirabilis
Gene n\N % n\N % n\N % n\N %
OXA-23 (11\30) 36% (6\18) 33% (5\7) 71% (5\7) 28%
OXA-48 (4\30) 13% (4\18) 22% (5\7) 71% (2\7) 28%
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OmpA (0\30) 0% (15\18)  83% (A7) 57%  (6\7) 85%
blaTEM  (8\30)  26%  (16\18)  53%  (4\7) 42%  (5\7) 71%

*Proportion of gene strains that test positive. n is the count of positive strains for the gene, while N
represents the count of strains selected for the test.

Discussion

The mortality rate of burn patients in Iraq has risen significantly in recent years. Burn patients often
experience complicated bacterial infections that can lead to septicemia and mortality. Many
microbiological infections are caused by multidrug-resistant bacteria, making treatment difficult in
hospitals[23].

Pseudomonas aeruginosa has the second-highestrate of isolation among Gram-negative
bacteria30(27%), in agreement with previous studies in Algeria[24]. Pseudomonas aeruginosa is
commonly linked to both hospital-acquired and community-acquired infections. The bacteria
identified in patients of the burn unit consistently had the highest numerical value. They can be
characterised as a challenging, highly infectious, and widespread pathogen in this particular unit[25].

Enterobacter spp and Klebsiella pneumoniae. Comprised 28.9% of all isolates in this investigation,
making it one of the most prevalent isolates. Gram-negative homologous anaerobes that are
extensively distributed in nature are found within the Enterobacter genus. In recent decades, the
genus Enterobacter has already elicited heightened concern due to its increased association with
nosocomial infections[26], [27].

According to Table 1, there is no significant difference between the two centres in terms of the type
of bacteria (P = 0.174), which can be attributed to nosocomial outbreaks[28].

According to the susceptibility test of isolates (Table 2), 72.1 % were MDR, 23.5% were XDR, and
4.4% were PDR,; this is in agreement with other studies [29], [30].

Molecular typing

The narrow-spectrum beta-lactamases (TEM 1; TEM 2, or SHV 1) genes are the source of ESBLs,
which are the result of mutations that alter the amino acid arrangement surrounding the active site.
Plasmids are typically responsible for encoding certain bacterial species and are readily transferable
between them [31].

The identification of the blatem gene at the molecular level in this research may lead to resistance
against cephalosporins, such as ceftazidime, cefazolin, cefoxitin, and Cefotaxime. As a result, it is
accountable for the formation of phenotypic extended-spectrum p-lactamases [32], [33]. [34]. The
TEM type B-lactamases are derived from the enzymes TEM-1 and TEM-2. TEM-1 is a highly
significant B-lactamase enzyme that is commonly found in Gram-negative bacteria. More than 130
TEM enzymes have been identified, utilising a valuable mechanism to spread resistant genes [35]. In
this study,K. pneumonia (83%) and P. mirabilis (85%) agreed with a study by Haider et al.[36]
(Figure 4). P.aeruginosa showed (26%) positive result for the detection of this gene which agreed
with a study in Algeria [37]. E. coli showed (57%) positive results, which agreed with a study by
Haider et[38]. This variation can attributed to the small size of the sample in our study.
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Figure (4): The gene bla-TEM detection in bacterial isolates producing carbapenemase with
multiplex PCR.

OmpA is a type of protein called porin, which is found in the outer membrane [39]. OmpA
contributes to disease through many mechanisms, including apoptotic induction, immunomodulation,
cell adhesion and invasion, biofilm formation, and antimicrobial resistance. OmpA can cause
apoptosis in dendritic cells by specifically targeting the mitochondria [40]. In this study, predominant
of isolates were positive for the OmpA gene, and all isolates which were forming biofilm formation
showed positive OmpA; this may interpret the strong relation between this gene and biofilm
formation this agreement with the study performed in Iran. And South Korea [21] (Figure 5).

Figure (5): The gene Omp detection in bacterial isolates producing carbapenemase with multiplex
PCR.

Carbapenem resistance encompasses the development of various mechanisms, including the
production of carbapenemase enzymes, alterations in membrane permeability, changes in penicillin-
binding proteins, and enhanced expression of efflux pumps[41], [42]. Among the, OXA-23-like and
OXA-24-like carbapenemases have frequently been identified as the most common types in
numerous nations[43], [44]. (33%) of K. pneumonia show positive for the OXA-23 gene. This may
be because of transmission of the gene by plasmid; this finding agreed with a study by Shahid et al
[45]. P.aeruginosa showed (36%) positive for the OXA-23 gene (Figure 6).
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Figure (6): The gene OXA-23 detection in bacterial isolates producing carbapenemase with multiplex
PCR.

And -24/40 cause resistance to carbapenem antibiotics such as imipenem (IMP), meropenem (MEM),
and doripenem (DRP)[46]. Studies on the prevalence of carbapenem-resistant Pseudomonas
aeruginosa (CRPA) have shown estimates ranging from 10% to 50% worldwide. Brazil, Peru, Costa
Rica, Russia, Greece, Poland, Iran, and Saudi Arabia all have CRPA rates exceeding 50%, while the
Dominican Republic and Canada have the lowest rates at 3.3% and 8%, respectively. In recent years,
CRPA's geographic reach has been expanding[47]. As has been observed in other bacterial species,
the transfer of genetic material through mobile genetic elements is one potential scenario for the
acquisition of the plasmid-mediated blaoxa-23.

The appearance of the OXA (oxacillinase) group of B-lactamases (Class D) has led to several
challenges in managing and treating opportunistic infections. The blaoxa-as gene is highly prevalent in
K. pneumoniae, and Enterobacteriaceae serves multiple crucial functions, including the facilitation
of biofilm formation and the development of resistance against carbapenems [48], [49]. To date, the
blaoxa-4s gene has been identified in 4(13%) P. aeruginosa isolates.These findings indicated that the
prevalence of blaoxa-4s may differ among countries (Figure 7).

OXA4S gene by 435

Figure (7): The gene OXA-48 detection in K. pneumoniae producing carbapenemase with multiplex
PCR.

Biofilm formation

Bacterial biofilm formation is a significant pathogenicity factor that inhibits the effectiveness of
antibiotics and immune defence responses[50], [51]. Bacteria have acquired numerous virulence

factors and are accountable for causing severe, life-threatening infections[52]. The ability to form
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biofilms and the presence of diverse adhesins contribute to the development of infections and
resistance to antimicrobial medicines[53]. In this study, bacteria isolates show the formation of
biofilm in all isolates, in agreement with two studies performed in Iraq[54], [55].

Benefits of X-ray radiation

This study showed that the exposition of bacterial cultures to X-ray dose has not changed the
susceptibility to antibiotics. This disagreement with the study performed in Tunis, which find the
susceptibility of bacteria decreases after exposure [56]. Also, the two studies in Iraq show that routine
diagnostic radiation X-ray has been discovered to have a significant impact on the equilibrium of
microbial populations in the oral flora by raising the density of certain types of microorganisms[14],
[15]. On the other hand, this result agreed with other studies [57], [58]. This attribute These isolates
demonstrated cellular adaptability when exposed to clinical X-ray irradiation, hence improving their
capacity to survive in the radiology department. This flexibility is facilitated by the isolate's capacity
to produce a significant amount of catalase, which assists in mitigating the detrimental impact of the
oxidative stress caused by these therapeutic radiations.

4. Conclusion and future scope

This study demonstrated that the isolates obtained from the burn unit are ESBL-producing, indicating
a significant concern in the intensive care unit due to the high morbidity associated with it, which
might potentially result in fatalities. These findings are consistent with the phenotypic test results for
antibiotics, which revealed a high level of resistance to cefepime. All isolates showing high ability to
form biofilms, which is an important virulence factor. This requires immediate action to effectively
manage any outbreak of nosocomial illness. No significant effect of X-ray on a bacterial isolate
susceptibility from the burn unit was detected.

Limitations of study

The study encompassed patients from the Burn Unit of the Al-Anbar Government, which were
required to be obtained from units in all burn centers throughout Iraq. Additionally, the duration of
the investigation may be brief; therefore, we recommend that the study be extended to accommodate
a greater number of samples. Our study focuses on two doses of X-ray .It may need to use more than
two dose at different duration
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