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Abstract

Objective: Virulence factors are substances produced by pathogenic Pseudomonas aeruginosa that contribute significantly to the etiology
of disease. Virulence genes encode these virulence factors on the Pseudomonas aeruginosa chromosome.

Methods: Between July2021and June 2022, at the Burn and Plastic Surgery Hospital in Duhok city, Irag, seventy-one isolates of Pseudomonas
aeruginosa were isolated from infected burns. The lasB and toxA genes were identified using Polymerase Chain Reaction (PCR).

Results: P ageruginosa was isolated from 64.55% (71/110) of the specimens, with non-significantly higher rate from females than males
(38.18% vs 26.36%), but the differences between various ages were significant (P < 0.04). About 38.18% of burns were due to flame and
the highest rate (45.4%) of infected burns were second-degree burns. Furthermore, 76.06% (54/71) of the isolates were multidrug resistant.
They demonstrated greater resistance to Piperacillin; the resistance was 98.59%. Of the isolates examined, 35 (64.81%) were positive for
toxA and 27 (50%) were positive for lasB genes.

Conclusion: Due to the limited number of effective medications against this bacterium that are currently available, testing for antimicrobial
susceptibility must be performed on all isolates. By doing this, you can help manage the treatment plan and stop the emergence of
resistance in burn units.
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Introduction

Pseudomonas aeruginosa is a ubiquitous, rod-shaped aerobic,
non-fermentative, Gram-negative bacterium that inhabits soil,
water, plants, and humans." It is a resistant microbe that can
survive at temperatures ranging from 4 to 42°C and grow in
nutrient-poor environments. P. aeruginosa persistent adap-
tation and survival enable it to live up to 6 months on dry,
abiotic surfaces in hospitals.” In the community and hospitals,
it is one of the most pervasive opportunistic bacteria associ-
ated with nosocomial infections, otitis media, burns, and res-
piratory tract infections.” Multidrug-resistant (MDR) isolates
of P. aeruginosa are becoming more prevalent in hospitalized
patients, and P. aeruginosa infections are becoming more and
more common.*’ High rates of morbidity and mortality are
produced by this bacterium’s capacity to infect virtually all
tissues.® The ideal habitat for opportunistic microbes, both
exogenous and endogenous, is provided by infected burn
wounds. Burn victims may become infected due to a number
of causes, such as exposed body surfaces, immunocompro-
mised conditions, invasive hospital treatments, and protracted
hospitalization.”

Several virulence factors are present in Pseudomonas
aeruginosa, including flagella, pili, and LPS, which help the
bacteria adhere to and colonize the host, proteases and toxins
that destroy tissue, secretion systems that transport effectors
and poisons into the host, and quorum-sensing and biofilm,
which help the bacteria communicate and resist medication.®
Exotoxin A inhibits protein synthesis by preventing the eukar-
yotic elongation factor 2 from being ADP-ribosylated.” Con-
nective tissue constituents like elastin, collagen, fibronectin,
and laminin are among the substrates for the zinc metallo-
protease known as las B. Lung tissue is elastolytically affected
by las B."°
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The purpose of this work was to identify toxA and lasB
virulence genes in Pseudomonas aeruginosa isolates.

Materials and Methods

Bacterial Isolates

During the period of July 2021 to June 2022, one hundred
and ten clinical samples were obtained from individuals who
attended the Burn and Plastic Surgery Hospital in Duhok City,
Iraq. These samples were obtained from all genders and ages
of hospitalized patients. And then transferred to the labora-
tory. As part of the sampling technique, swabs were taken from
clinically deep burn wound sites that showed clinical symp-
toms of wound infection after changing the wound dressing.
By employing cultures (preliminary isolation on MacConkey
agar and Blood agar) followed by subculture on Cetrimide agar
the isolates were determined to be P. aeruginosa according to
a study by Leboffe et al.,'! these pure colonies were identified
based on their physical and biochemical traits. In addition, the
species-specific gene confirmed the genotype of each identi-
fied P. aeruginosa strain (16S rDNA)."

Antimicrobial Susceptibility Test

The sensitivity of the purified isolates to various antimicro-
bial drugs was assessed using the Kirby-Bauer disk diffusion
method, according to Hudzicki.”” There were ten antibiotics
utilized, provided by (Bioanalyses, Turkey). Antimicrobials
that be used for testing included: Colistin (CL; 10 mg), Cip-
rofloxacin (CIP; 5 mg), Levofloxacin (LEV; 5 mg), Amikacin
(AK; 30 mg), Gentamicin (CN; 10 mg), Imipenem (IPM; 10
mg), Meropenem (MEM; 10 mg), Ceftazidime (CAZ; 30 mg),
Cefepime (CPM; 30 mg), and Piperacillin (PI; 100 mg). The


mailto:reem.polis@uoz.edu.krd

Original

Identification of Pseudomonas aeruginosa

Clinical and Laboratory Standards Institute'* estimated the
diameter of the zone of inhibition surrounding antibiotic disks.

Bacterial DNA Extraction from P. aeruginosa

A high-yield DNA Purification Kit was used to extract
genomic DNA from bacterial isolates according to the man-
ufacturer’s instructions (Genomic DNA mini kit, Favorgen,
Taiwan). The purity of the bacterial DNA was assessed using
a (NanoDropTM One UV-Vis Spectrophotometer, Thermo
Fisher Scientific, Waltham, MA, USA) and then stored in a
freezer at -20°C, in preparation for PCR amplification. Table 1
displays the primer sequences and amplification band sizes for
16SrDNA, lasB, and toxA.

The PCR mixtures (20 ul) contained 3 ul of DNA, 10 pl of
PCR master mix (ADDBIO.INC, South Korea), 5 UL of distilled
deionized water, and 1 pl of each primer. Reaction conditions for
all the primers were described in Table 2. Amplicons were made
visible using electrophoresis on 1.5% agarose gel and subsequent
UV light (Cleaver Scientific Ltd., Rugby, UK). Additionally, the
amplicon’s size was measured against a 1500-100 bp DNA ladder
(Guangzhou Dongsheng Biotech Co., Ltd., Guangzhou, China)."

Ethics Declarations

The Duhok Directorate General of Health, Directorate of
Planning, Scientific Research Division, and Institutional
Ethics Committee received and accepted the study protocol
(approval No. 13072021-7-10).

Statistical Analysis

GraphPad Prism version 9.3.1 (471) was used for statistical
analysis. Statistical significance was set at P < 0.05.

Results

During the study period of July 2021-June 2022, a total of
110 samples from burn patients of both genders and varying
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ages were obtained. P. aeruginosa was the most common path-
ogenic bacteria, it was isolated from 64.55% (71/110) of the
specimens. The isolated P. aeruginosa was confirmed using
biochemical and phenotypic assays including staining, Mac-
Conkey, Blood, and Cetrimide agars (Oxidase, Citrate, TSI).
Furthermore, the species-specific gene was used to confirm
the genotype of all P. aeruginosa isolates (16S rDNA).

A higher rate of this bacterium was isolated from females
accounting for 38.18 (42/71) vs 26.36% (29/71) with a sta-
tistically non-significant (P > 0.05) difference between both
genders. As regards age, the differences between various ages
were statistically significant (P < 0.04) as shown in Table 3.
Concerning the causes of the burns, 38.18% of the patients
had flame burns, whereas 2.73% of them had electrical burns,
making flame burns the most prevalent form of the burn
wound, statistically the differences between burn causes were
highly significant (P < 0.01). The second-degree burn showed
the highest rate of infection which was 45.4% as compared
with third- and mixed-degree burns (6.36% and 12.73%
respectively). Differences in burn severity were found to be
statistically highly significant (P < 0.01). Rates of infection
were greater in patients with TBSA burns between 20% and
40% (48.18%) compared to those with burns of less than 20%
(7.27%) and more than 40% (9.09%), although the difference
was statistically non-significant (P > 0.05) (Table 4).

The majority of P. aeruginosa isolates, 76.06% (54/71),
were determined to be multidrug-resistant (MDR) based on
the results of antimicrobial susceptibility testing, displaying
resistance against aminoglycosides, B-lactams, and/or fluoro-
quinolones (atleast three classes of antimicrobial medications).

All isolates of this study were completely sensitive to
Colistin. In contrast, they showed significant resistance to
Piperacillin, Cefepime, Ceftazidime, and Meropenem at rates
0f 98.59%, 85.92%, 84.50%, and 74.65%, respectively (Table 5).

Using PCR amplification, the prevalence of the viru-
lence genes toxA, and lasB in the P aeruginosa isolates were
examined and confirmed by agarose gels based on the results

Table 1. Sequences of the primer used and the molecular weights of the genes

Primer name Primer sequence (5'-3’) Detected gene Molecular weight ~ References
16S rDNA F: GGGGGATCTTCGGACCTCA 16S rDNA 956 12
RTCCTTAGAGTGCCCACCCG
toxA F GACAACGCCCTCAGCATCACCAGC toxA 396 42
R CGCTGGCCCATTCGCTCCAGCGLT
lasB F GGAATGAACGAAGCGTTCTC lasB 300 43

R GGTCCAGTAGTAGCGGTTGG

Table 2. Reaction conditions for PCR amplification of Pseudomonas sp. toxA and lasB genes

Temperature (°C) /Time

Gene name Cycling condition

Initial denaturation Final extension

Denaturation Annealing Extension
16S rDNA 95°C; 2 min; 1 cycle 94°G; 20 sec 54°C; 20 sec 72°C; 40 sec 72°G; 5min
25 cycle ey

toxA 94°C; 2 min 94°C; 2 min 68°C; 1 min 72°C; 1 min 72°C; 7 min

1 cycle 30 cycle 1 cycle
lasB 94°C; 3 min 94°G; 30 sec 60°G; 1 min 72°C; 90 sec 72°C; 5min

1 cycle 30 cycle 1 cycle
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Table 3. The correlations between the causes of burns in both genders and various age groups

Factors No. of specimens is'i?a;': s':;is:;i‘(l; ) 0dd (ratio 95% Cl) Pvalue

Gender Females 62 42 (38.18%) 1.376 (0.6099 t0 3.114) 0.5469
Males 48 29 (26.36%)
Total 110 71 (64.55%)

Age group T month-10Y 29 13 (11.82%) Reference group —
11-20 22 12 (10.90%) 0.6771 (0.2077 to 2.076) 0.5771
21-30 23 15 (13.64%) 04333 (0.1510t0 1.314) 0.1707
31-40 18 14 (12.73%) 0.2321 (0.07210 to 0.9406) 0.0359
41-50 10 9 (8.18%) 0.09028 (0.007819 to 0.6224) 0.0240
51-60 4 4 (3.64%) 0.000 (0.000 to 1.069) 0.1026
61-70 3 3(2.73%) 0.000 (0.000 to 1.083) 0.2258
71-80 0 0 - -
81-90 1 1(0.91%) 0.000 (0.000 to 7.875) 0.4667
Total 110 71 (64.55%) = =

Cause of burn* Flame 76 42 (38.18%) Rreference group -
Scald (hot water) 22 17 (15.45%) 0.3633 (0.1370 to 1.058) 0.0841
Hot liquids 9 9 (8.18%) 0.000 (0.000 to 0.5348) 0.0098
Electrical 3 3(2.73%) 0.000 (0.000 to 1.501) 0.2551
Total 110 71 (64.55%) = =

*Cause of burn: Chi-square = 11.01, 3 and *P value 0.011

7;*Age group: Chi-square = 14.50, 7 and *P value 0.0430.

Table 4. The relationships between burn infection, the distribution of burned TBSA, and depth (degree)

Variables and their distributional patterns Total no. N:::'ie:;e(f/o) Chi-square Pvalue
TBSA group <20 17 8(7.27%) 3410 0.1818
20-40 76 53 (48.18%)
>40 17 10 (9.09%)
Total 110 71(90.91%)
Degree of burn Second degree 65 50 (45.45%) 17.73 0.0001
Third degree 8 7 (6.36%)
Mixed 37 14 (12.73%)
Total 110 71 (90.91%)

indicated that 35 (64.81%), and 27 (50%) of the isolates com-
prised toxA, and lasB related genes, respectively and 24 of the
P, aeruginosa isolates possessed both foxA and lasB genes.

Discussion

Pseudomonas aeruginosa is one of the most common causes
of hospital-acquired infections. It frequently causes serious
and potentially fatal infections that are difficult to cure
since this organism develops inherited multidrug resist-
ance (MDR) and is capable of developing resistance to the
majority of effective antimicrobial medications. In addi-
tion, burn patients are more susceptible to infection than
other patients because of their compromised skin barrier
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and depressed immune systems, as well as their longer hos-
pital stays and more intrusive therapeutic and diagnostic
procedures.'

We found that 71 out of 110 (64.55%) burn patients
treated at Duhok Burn Hospital had P aeruginosa isolates,
consistent results with the present study were also found in a
study in Algerian burn patients, where the recorded rate was
62%."” Furthermore, another study carried out in Iraq revealed
a high incidence of P. aeruginosa isolates at 97.6%."* While,
studies from Morocco” and Egypt” demonstrated lower
incidence rates of 15.1% and 19.8%, respectively. This varia-
tion may be explained by antibiotic misuse, various infection
control methods used by hospitals, hygienic conditions, and
regional climate.
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Table 5. Antimicrobial agent susceptibility patterns

Antimicrobial

agents 5 (%) 1(%) R(%)
CL 71 (100) 0 0

IMP 27 (38.03) 1(141) 43 (60.56)
ClP 22 (30.99) 3(4.23) 46 (64.79)
LEV 22 (30.99) 1(147) 48 (67.61)
CN 20 (28.17) 2(2.82) 49 (69.01)
AK 18 (25.35) 8(11.27) 45 (63.38)
MEM 15 (21.13) 3(4.23) 53 (74.65)
CAZ 10 (14.08) 1(1.47) 60 (84.50)
FEP 8(11.27) 2(2.82) 61 (85.92)
Pl 1(141) 0 70 (98.59)

S, Sensitive; |, Intermediate; R, Resistance; CL, Colistin; IMP, Imipenem; CIP,
Ciprofloxacin; LEV, Levofloxacin; CN, Gentamicin; AK, Amikacin; MEM, Merope-
nem; CAZ, Ceftazidime; FEP, Cefepime; PI, Piperacillin.

Burns from open flames constitute the highest rate
(38.18%) among other injuries, with scald (hot water) coming
in second (15.45%). When comparing gender and age, females
showed a higher incidence of burn injuries (38.18%), with
the highest percentage (13.64%) among age of 21-30 years.
These results are consistent to some extent with those of
research conducted in Basra/Irag,”’ which found that women
experienced a higher incidence of burns than men (57.5% vs.
19.16%). Burns from flames accounted for 76.6% of all burns,
followed by burns from hot water at 19.1%. Similarly, studies
from Iraq and Iran showed higher rates in females but at lower
rates than the current study, which were: 57% in the city of
Suleimani, Irag,” 54.84%, and 56% in Iran**** respectively. The
vast majority of fire-related injuries happen in the home, and
the vast majority of women in our culture do routine house-
hold duties like heating and cooking in high-risk sections of
the kitchen. This considerably increases their risk for con-
tracting burn injuries.

While a study carried out in Suleimani, Iraq, revealed
that 56.2% of males had the greatest infection rates, with scald
(hot water) being the most common cause (72.5%), followed
by flame (22.8%).” The results of this study showed that the
rate of second-degree burns was highest at 45.45%. Similar
findings were conducted in Saudi Arabia,”® which found that
72.1% of burn patients had second-degree burns. Patients
with burns of 20-40% of total body surface area (TBSA) had
a greater infection risk at 48.18%, as seen in the present study.
This result agrees with the findings conducted in Suleimani/
Iraq.” The greater the total body surface area, the greater the
chance that bacteria may colonize and multiply, leading to
a deeper, thicker wound and eventually letting the infection
spread throughout the body via circulation.”’

The prevalence of P. aeruginosa infection was more fre-
quently related to female patients between the ages of 21 and 30
years, regardless of the cause of the burns. In our study, MDR
P aeruginosa infection was found in 76.06% of patients, which
is higher than the percentages found in previous research in
Iran (16.5-41%), Iraq (12.4%),**° Brazil (71.4%)’' and Egypt
(70%).”> However, a second Iranian study found a substantially
higher proportion (89.24%) of people having MDR P. aerugi-
nosa infection.*
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The global spread of multidrug-resistant Pseudomonas
aeruginosa may be attributable to the misuse of antibiotics in
healthcare institutions and communities, as well as the evolu-
tion of several resistance mechanisms."*

Colistin sensitivity was demonstrated by 100% of the iso-
lates in the current study. In contrast, Jalil et al*' observed a
significantly lower percentage of Colistin-sensitive patients
in Iraq (53.1%), another study in Iraq found 7.4% colistin
resistance.'® However, Colistin susceptibility against P. aerug-
inosa remains exceptionally high, accounting to 100% in the
majority of Middle Eastern and North African countries.”

Imipenem resistance was present in 60.56% of the P. aerug-
inosa isolates in this investigation, which is greater than the
rates reported in Iran (41.3%)** and Iraq (47%).” On the other
hand, lower rates have been reported in Iran (83.90%)* and Iraq
(68.40%)."* Carbapenem resistance in P. aeruginosa can arise
from a number of factors, including an increase in carbapene-
mase production, a mutation in the operD gene, the overexpres-
sion of the efflux pump AmpC, and a change in the distribution
of drug targets.’

Piperacillin resistance was shown to be the highest among
P. aeruginosa strains in this investigation (98.59%). In contrast
in earlier research carried out in Iran, a lower rate of 74.8% was
reported.” While in South Africa, a slightly lower rate (94%)
than the present study was reported.”® These results highlight
serious concerns that necessitate Health Authorities working
quickly to develop rapid and precise diagnostic processes, by
limiting the distribution of antibiotics, and strengthening hos-
pital microbiological control systems.

According to PCR results, the present study findings
revealed that the foxA gene was found in 35 (64.81%) of the
P aeruginosa isolates examined. These results were slightly
lower than those obtained by Qader et al.”” in Iraq, who used
identical primers for the toxA gene and produced a band with
a similar molecular weight of 86%. Whereas another study
carried out in Iraq by Aljebory'® revealed that 100% possessed
this gene.

The results of this investigation also showed that the lasB
gene, which has an amplified size of 300 bp, was detected in
50% of the 54 P. aeruginosa isolates. This result is comparable
to the study of Qader ef al.” in Iraq that yielded a band with
an identical molecular weight of 82% using the same primers
for the lasB gene. While other studies in Iraq by AL-Shamaa
et al.” and Al-Dahmoshi et al.* found that 87% and 69.23%
of the isolates from burns, respectively carried this gene, they
used different primer sequence for the lasB gene and produced
a band with a different molecular weight. The frequency of
Pseudomonas aeruginosa and the proportion of virulence fac-
tors genes are influenced by a variety of factors, such as envi-
ronmental factors, patient immunological health, levels of
contamination, strain type and virulence.*

Conclusion

Evidence from this study suggests that the presence of multi-
virulence factors may be responsible for the delay in healing
and the severity degree associated with infections caused by
P aeruginosa. This bacterium exhibits a variety of virulence
traits that allow it to adapt to different conditions and cause
a wide range of infections that are difficult to cure. The find-
ings of this investigation also demonstrated the presence of a
significant rate of MDR P. aeruginosa, that probably brought
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on by the misuse and overuse of antibiotics. Therefore, the
present results might offer advice on how to prescribe the
proper antibiotics to the patient. The simultaneous use of spe-
cific primers for the P. aeruginosa genes lasB and foxA seems
to result in a more precise identification of it by PCR.
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