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Abstract: Multidrug-resistant Pseudomonas aeruginosa has emerged as a significant problem worldwide, posing a severe
hazard to burn-infected patients. Antimicrobial peptides produced from humans or animals and synthetic peptides have
received interest as antibiotic options for treating resistant bacteria, particularly those obtained from burn patients. The
current work evaluated the role of antimicrobial peptide LL-37 as an antibacterial agent against multidrug P. aeruginosa
isolates from burn infections. The study samples were collected between November 2021 and the end of February 2022
and included 157 clinical specimens as burn swabs from patients with burn infections admitted to four Baghdad hospitals
in Baghdad, Iraq. The results of selective media, biochemical tests, and the ITEK2 system identified 39 isolates (24.8%)
as P. aeruginosa from all collected bacterial cultures. The findings of the antimicrobial susceptibility test by disc diffusion
method for the isolates under investigation revealed that P. aeruginosa clinical isolates were moderately resistant to
antibiotics tested. Most P. aeruginosa isolates were highly resistant to Tetracycline (89.7%), Azithromycin (71.7%), and
Amikacin, Cefepime, and Gentamycin. Also, the highest sensitivity was recorded for Ciprofloxacin, Piperacillin/tazobactam,
C ceftazidime and Levofloxacin. The results of minimum inhibitory concentrations (MICs) of LL-37 against (8) multidrug-
resistant P. aeruginosa isolates revealed that the concentration range of LL-37 was (15.6-1000 pg/ml), indicating that LL-
37 has a significant effect on P. aeruginosa growth at low concentrations. In conclusion, t using the antimicrobial peptides
LL-37 in treating life-threaded infections could lead to developing a new generation of antimicrobials that can overcome

bacterial resistance mechanisms.
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|
Introduction

Bacterial infection is the most common complication
and cause of death in burn patients because of the changes
in the physiology of the skin. The patients are vulnerable to
infection and burn wound sepsis'. This is due to a loss of
the skin's environmental barrier function, predisposing the-
se patients to microbial colonization and invasion by dan-
gerous bacteria such as P. aeruginosa and Staphylococcus
aureus?®. Patients with severe burn injuries are vulnerable
to Healthcare-Associated Infections (HAIs). They are more
likely to develop multidrug-resistant (MDR) bacterial infec-
tions as their hospitalization duration increases®. Wound in-
fection is the leading risk factor in patients with burns, and
burn wounds caused by multidrug-resistant Pseudomonas
aeruginosa are among the most challenging wound care ma-
nagement in hospitals*. Antimicrobial peptides (AMPs) are
molecules found in various life forms with a broad spectrum
of inhibitory activity against pathogenic microorganisms and
are a promising treatment option for multidrug-resistant pa-
thogens®. Antimicrobial peptide LL-37 is the only member of
the cathelicidins family found in the human body. LL-37 is
expressed and secreted in the human body's various epi-
thelial cells, immune cells, body fluids, trauma secretions,
etc. It can exert antimicrobial activity, participate in the im-
mune regulation of the body, and promote wound repair. It
is an active small molecule peptide with multiple functions®.
Studies have shown that LL-37 has a broad antibacterial

spectrum, such as antibacterial, antifungal, antiviral, anti-
protozoal, and other antimicrobial effects”®. Its mechanism
of action is based on the bond between its positive charges
and the negative charges of the phospholipids in the bac-
terial membrane. Bacterial lysis occurs due to altered per-
meability of the bacterial membrane with transmembrane
pores®. Because of the importance and widespread of these
bacteria and the challenge of their antibiotic resistance, this
study aimed to evaluate the role of the antimicrobial peptide
(LL-37) as a therapeutic agent against multidrug-resistant P.
aeruginosa isolated from burn patients.

|
Materials and methods

Isolation and identification of P. aeruginosa

This study was conducted in Baghdad hospitals (Al-Yar-
mook and Al-imam ALI ), Irag, between November 2021
and February 2022. P. aeruginosa was isolated using Ce-
tramide agar, Blood agar, and McConkey agar. According
to the manufacturer's recommendations, biochemical tests
with the VITEK 2 system (bioMerieux, France) were used to
identify these isolates. A total of 39 isolates of P. aeruginosa
were collected from patients with burn infections from 157
burn swabs.
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Antibiotic Susceptibility Test

The disc diffusion method was used to test antimicro-
bial susceptibility. In brief, overnight growth of P. aeruginosa
was prepared on McConkey agar and then resuspended in
normal saline. The suspension's turbidity was adjusted to
0.5 McFarland, and this suspension was used to inoculate
on Mueller-Hinton agar (Oxoid) plates. The antibiotic discs
used in this study were as follows: Amikacin (AK), Gentami-
cin (GM), Imipenem (IPM), Meropenem (MEM), Ceftazidime
(CAZ), Aztreonam (ATM), Ciprofloxacin (CIP), Tetracycline
(T), Azithromycin (AZM), Levofloxacin (LEV), Cefepime
(FEP), and Piperacillin-tazo After incubating the agar plates
at 37 °C for 24 hours, the inhibition zone was measured and
interpreted by the percentage of susceptible, intermediate,
or resistant isolates as defined by CLSI breakpoint interpre-
tative criteria™®.

Minimum inhibitory concentrations (MIC) of LL-37

The broth microdilution method was used to determine
the (MIC) of the LL_37 peptide sing the 96-well microtiter
plate. The working solution of both was prepared at 4000
pg/ml in DW.100ul of the designed peptide was introduced
into the first wells in row A. Rows B-H in columns had 100 pl
of the broth alone, except row A had 100pl of the prepared
peptide and broth. Twofold serial dilutions using a micropi-
pette were done systematically down the columns (from row
A-H). 100 pl was removed from the starting concentrations
in row A and transferred to the next row with the 100yl broth,
properly mixed, and the procedure was repeated up to the
last row (H) where the last 100ul was discarded. This brings
the final volume in all the test wells with the peptide to 100
ul except the column with 200 pl of the broth that served as
sterility control. 100pl of bacterial inoculum was transferred
into all the wells except the negative control. Microtiter pla-
tes were incubated at 370C for 18-20 hrs. After incubation,
20 pl of resazurin dye was added to all the wells and set for
30 minutes to observe any color changes. The Minimum
Inhibitory Concentrations were determined visually in broth
micro dilutions as the lowest concentrations of the peptide

and antibiotic. No color changed from blue to pink in the
resazurin broth assay™.

|
Results

Isolation and Identification of P. aeruginosa

One hundred and seventy-five burn swabs from pa-
tients with burns were cultured for the detection of P. aeru-
ginosa. Each sample under study was streaked on sterile
cetrimide agar and MacConkey agar plates. The colonies
on MacConkey agar were mucoid and negative for lactose
fermentation. All positive samples were tested twice to be
sure of the result.The confirmation of the identification of
all P. aeuginosa isolates was done by the results of VITEK
2 System.

Antibiotic Susceptibility of P. aeruginosa

The antibiotics resistance and sensitivity of P. aerugino-
sa isolates using disc diffusion method was evaluated for all
39 isolates with 12 antibiotic discs, The results of the sen-
sitivity test are shown in figure 1. According to the findings
of this study, the highest percentage of sensitivity was for
ciprofloxacin (64.1%), Ceftazidime (64.1%), and also pipe-
racillin-tazobactam (64.1%), while the lowest percentage
of antibiotic sensitvity against P.aeruginosa, was for tetra-
cycline (10.2 % ),Amikacin and Azithromycin (20.5%) .In
the case of antibiotics resistance, the highest percentage
were demonstrated for Tetracycline (89.7%), Azithromy-
cin(71.7%),and Amikacin(69.2%). Also, the isolates had a
low resistance for Piperacillin-tazobactam (17.9%),Ceftazi-
dime(28.2%) and Azteronam (35.8%).

Patients with burn infections

The antibiogram results of multidrug-resistant P.aeru-
ginosa showed that eight isolates were multidrug-resistant
(29 isolates (74.3% ) were MDR, 6 isolates(15.3%) XDR
and 4 isolates were sensitive to all antibiotics). The local
study, which included a total of 524 burn and wound swabs
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Figure 1. The percentage of antibiotic susceptibility of P. aeruginosa isolates from.
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Figure 2. The minimum Inhibitory Concentrations (MICs) of
monas auroginosa lIsolates by.

collected from inpatients at Burn and Emergency Hospital,
Duhok city, the Kurdistan region, Iraq, the results found that
60 (11.4%) isolates were identified as P. aeruginosa; 33
(565%) from female and 27 (45%) from the male. High re-
sistance to piperacillin & ticarcillin (75% for both), ticarcillin/
clavulanic acid (66.7 %) and tobramycin (63.6 %) were noti-
ced in burn isolates. In the study on bacteriological profiles
and antimicrobial resistance patterns of burn infections in
the southwest of Iran, the cultures of various clinical sam-
ples obtained from 325 burn patients revealed that Pseudo-
monas aeruginosa was the most frequent bacterial isolate
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L-37 against Pseudomonas auroginosa isolates at concen-

LL-37 at concentrations (7.8 -1000 ug/ml) against Pseudo-

in Gram-negative bacteria and S. epidermidis was the most
frequent species isolated in Gram-positive bacteria. We
also found that 22% of strains were non-susceptible to me-
ropenem and piperacillin-tazobactam. Ninety-nine (27%) of
our collected isolates were resistant to multiple antibiotics.

Minimum Inhibitory Concentrations (MICs) of LL-37
against P.aeruginosa isolates

The results of the minimum inhibitory concentrations of
the antimicrobial peptide LL-37 against eight multidrug-re-
sistant isolates of P. aeruginosa using a microtiter plate as-
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say with resazurin dye revealed that the range of inhibitory
activity was (15.6-1000 pg/ml) and there was a difference
in MICs between the isolates (Figure 2 and table 1). Some
isolates, such as P2 and P13, were affected only by the
concentration (15.6 ug /ml), while others such as P16, P19
and P30 were inhibited by (125 pg/ml). It was also disco-
vered that the MICs of the isolates P1, P29, and P32 were
250, 62.5, and 62.5 pg /ml, respectively.

Microtiter Plate Assay with Resazurin Dye

The results™ of revealed that MIC of LL-37 against
both P. aeruginosa reference strain (ATCC 15692 PAO1)
and PA-Alasl/rhll was determined to be 256 pg/mL. LL-37
at sub-minimum inhibitory concentrations) had significant-
ly downregulated the expression of 3 virulence factors (the
expression of exotoxin A, elastase, and pyocyanin) and the
expression of the Quorum sensing-related virulence genes
of P. aeruginosa was significantly decreased, suggesting
that LL-37 plays a vital role in the antibiofilm process. LL-
37 can kill bacteria through direct antibacterial activities, as
well as through immunomodulation. Like other AMPs, the
primary mechanism of action is membrane disruption. The
net positive charge of +6 allows for LL-37 to bind to the ne-
gatively charged membrane of bacteria. Upon binding, the
introduction of transmembrane pores causes a disruption
of cell integrity that leads to cell lysis and death.The sin-
gle human cathelicidin peptide LL-37 has been shown to
have antimicrobial and anti-biofilm activity against multiple
Gram-positive and Gram-negative human pathogens and
have wound-healing effects on the host.

|
Discussion

The single greenish colonies were picked up in sterile
cetrimide agar and slants for further characterization by di-
fferent biochemical tests, such as oxidase, catalase, nitra-
te reduction, indole, and methyl red, Voges-Proskauer test,
citrate utilization and glucose fermentation test'>'3. Colistin
and piperacillin/tazobactam exhibited meager resistance™. In
a previous study on P.aeruginosa isolates from patients with
burns infections, 50 P.aeruginosa strains were isolated, whe-
re the highest sensitivity of P. aeruginosa isolates was to co-
listin (100%) followed by polymyxin B (96%). In contrast, the
lowest sensitivity was recorded against Ceftazidime (6%)".
The maximum resistance was found to ampicillin, gentamicin,
and ciprofloxacin, where the occurrence of multidrug resis-
tance phenotype for P. aeruginosa was (30.3%)'6. The study
of'” P. aeruginosa isolates from the blood, and cerebros-
pinal fluid of patients from 10 countries during 2005-2017
demonstrated that the resistance to aztreonam (56%) was
most common, followed by Levofloxacin (42%). The results
of'® revealed that MIC of LL-37 against both P. aeruginosa
reference strains (ATCC 15692 PAO1). LL-37 has moderate
antimicrobial activities against numerous Gram-negative and
Gram-positive bacteria, including pathogens from the Pseu-
domonas, Escherichia, Staphylococcus, and Enterococcus
genera®™. In addition, LL-37 can permeate the cell membra-
ne to interact with intracellular targets, such as acyl carrier
proteins?’. Combining the anti-biofilm effect and wound-hea-
ling properties of LL-37 may make it highly effective in resol-
ving polymicrobial infected wounds when topically applied.
It could be developed as a new therapeutic strategy to treat
wound infections?'.

|
Conclusions

The antimicrobial peptide LL-37 has potent activity
against antibiotic-resistant strains of P. aeruginosa even in
low concentrations. This suggests that this peptide could
be a significant step forward in developing new treatments
for P. aeruginosa infection, particularly in burn and wound
infections.
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