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ABSTRACT

Pseudomonas aeruginosa is an opportunistic microorganism that does not infect healthy individuals but does cause a broad
variety of severe infections in immunocompromised patients. Samples were collected from 345 patients who suffered from
diabetic foot infection (115), wounds and burns infection (115), and abortion cases (115) by use of the swabbing method; the
diagnosis of samples depending on the morphological examinations, biochemical tests and culturing on selective or suitable
media, to confirm the use of the API system was done. These samples include 52 isolates of P. aeruginosa, which consider
the aims of this study at a rate of (15.07%) from the total number of samples (345).

The current study demonstrates that the age group (31-40) years had a higher rate of isolation 52.9% while a reduced number
of isolation occurred in the age group (61-70) year at rate of 5.88%. The sensitivity of P. aeruginosa before irradiation to a
number of antibiotics gives high resistance to the antibiotics used in this study. There is a significant decrease in the viability
of the bacterial cell where the Laser effect on the bacterial isolates by increasing the dose, while the killing of bacteria occurs
after 30 minutes and more. We conclude that bacterial isolates of P. aeruginosa were affected with exposure to irradiation of

laser with 820 and 915 nm at 50-250 MW using different times.
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INTRODUCTION

Pseudomonas aeruginosa is a gram-negative bacterium,
non-spore-forming bacillus about 3x0.5 um, belonging to the
y-Proteobacteria group. Like most pseudomonas, is motile
by polar flagella, the colonies of P. aeruginosa were smooth
with flat edge giving grape like odor. Oxidase test is positive,
catalase-positive, mesophilic and has great nutrient diversity,
Do not ferment carbohydrate (glucose, sucrose, lactose), on
the blood agar, the isolates colonies were dark in color with
producing transparent zones around the colonies show the beta
hemolysis, many strain can also produce water-soluble pigments
include pyocyanin, pyoverdin (Fluorescent), pyorubin and
pyomelanin, that diffuse into the medium and change its color.!

P. aeruginosa grows in moist environments within a wide
range of temperatures, the optimum temperature for its growth
is 37°C, but it is capable of growing at high temperatures as
42°C. It plays an important role as an etiological agent of severe
infections in patients with wounds.? And has been estimated
that at least 50% of all cases of deaths caused by burns,
Diabetic foot ulcers (DFUs) are a serious of medical disease.
The lifetime risk of developing a foot ulcer in diabetic patients

may be as high in recent studies as 25%.° The most specific
major populations of bacteria evident in the DFUs include
Staphylococcus, Pseudomonas, Enterobacter, Klebsiella,
Proteus, Citrobacter, Escherichia coli and others.*

There are a lot of species of the genus Pseudomonas,
is play a great role as human opportunist bacteria in the
infection of diabetic foot. It may be responsible for a broad
spectrum of presentations from superficial colonization of
ulcers to extensive tissue damage, including bacteremia,
osteomyelitis, and septic arthritis.> P. aeruginosa is an
opportunistic microorganism that does not infect healthy
individuals but does cause a wide variety of severe infections in
immunocompromised patients. For that reason, P.aeruginosa
is categorized as an opportunistic pathogen. Nosocomial
pneumonia with it is now classified as second after S. aureus.’
In medicine and veterinary, the abortion word refers to any
process that leads to a pregnancy ends with the removal or
expulsion of the fetus and death.®

The laser may be defined as an acronym for light
amplification by stimulated emission of radiation; common
usage recent is to use the word as a noun (laser) rather than
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as an acronym.’ It is a type of electromagnetic radiation that
includes infrared radiation, radio waves, microwaves, visible-
ray, UV-rays, x—rays, and gamma rays, which has become
an important tool in various fields, starting with medicine
until communications. It is considered a light source but it
is very high difference from many traditional light sources.®
Microorganism considered as susceptible to the antibiotics were
inhibited from growing in a clear zone around the antibiotic
disk. The inhibition zone diameter produced by a control strain
was used to compare interpreting the antimicrobial sensitivity.”

MATERIALS AND METHODS

Patient and Sampling

Three hundred and 45 specimens were collected from patients
admitted in Al- Hussain Teaching Hospital, Al-Muthanna
Province, complaining from diabetic foot infections (115),
wounds and burns infection (115), and abortion cases where the
last Samples collected from 115 women lying in the Obstetric
and Pediatric Hospital in Samawa city, suffering from abortion.
The collected samples were transferred to the laboratory under
cool conditions to isolate the bacteria Using sterilized cotton
swabs and vaginal swab.

Identification of Isolates

After collection of specimens from different source infections,
the identification of samples was done according to Berge’s
manual using different properties of morphology, and hemolysis
Detection, which means the appearance of clear zones around
the colonies duo to RBCs lyses considered as a positive result,
in addition to biochemical tests and analytical profile index
(API) system.'” API system is an identification test for bacteria;
it contains standardized and miniaturized biochemical test and
database. The reaction was read according to the identification
and reading table obtained by referring to the API.

Antimicrobial Sensitivity Tests

Antimicrobial sensitivity tests were done by (Kirby - Bauer)
technique.!! The inhibition zone diameter produced by a control
strain was used to compare and interpret the antimicrobial
sensitivity. Levels of sensitivity recognized are sensitive
(S), intermediate (I), and resistant (R) by comparison of the
bacterial inhibition zone.

Bacterial Count

The method of plate count is done by dilution method of the
original sample in serial dilution tubes. The colony-forming
units (CFUs) is counted and assumed that every colony in
culture media is separate and founded by a single viable
microbial cell, so the total counts of colony occurred in CFU
from the incubated agar petridis and the respective dilution

factor used can then be combined in order to calculate the
microorganism’s original number in the sample.'?

Preparation of Bacterial Samples

A loop full from culture was transferred from the Trypanosoma
agar slants (Bacterial Preservation) to a test tube containing
brain—heart infusion broth and incubated at 37°C for 24 hours
then The suspension was centrifuged (cold centrifuge) at (6000
rpm) for 10 minutes, the supernatant was removed, and the
bacterial pellet was re suspended using normal physiological
saline, a serial of dilutions made until the solution has turbidity.
The bacterial broth was compared with McFarland tubes to
determine the number of bacteria equal to 108 CFU/mL.

Laser Diode

The experimental laser in this study was the (Omega) Diode
laser. It had wavelengths lies between (600—1000 nm), with a
series of probes, and maybe defined as CW laser and had the
properties as: - (820 and 915) nm in wavelength, Frequencies
(1, 5, and 10) kHz, time of exposure which is different (10, 15,
20, 30, 40 and 50) minutes and power density (PD): 240, 480
and 960 J/cm?.min. Then take 1-mL of the diluted bacterial
suspension of P. aeruginosa and place in a sterile Eppendorf
tube later the specimen was exposed to the diode laser with
an exposure time 10, 20, 30, 40, and 50 minutes, and different
frequencies (5 and 10) KHz. After irradiation, samples were
immediately re-cultured on some media such as Muller Hinton
agar and Blood agar media, incubation at 37°C for 24 hours.
To determine the effect of laser on the bacteria, observing
that by antibiotic sensitivity, bacterial count and Hemolysis
production. Non-irradiated samples used as control. This
method is represented by live attenuated and killed bacteria.

RESULTS AND DISCUSSION

Collections of Samples

In this study, 345 samples were collected from different sources
as 115 patients complained of diabetic foot infections, 115
burns and wound infections, and 115 abortion case in pregnant
women. These samples include 52 isolates of P. aeruginosa at
arate of 15.07% of the total number of samples (345), (Table 1).

P. aeruginosa is considered as an opportunistic pathogen
and is broadly known to cause chronic biofilm infections.
They had an expression as the number of virulence factors and
proteins with the surface of a bacterial cell which promotes its
adherence with damaged tissue and neutrophils was decreased
functions and the host immune system and tolerance to
antimicrobial treatments. In this study, in diabetic foot disease,
the occurrence of P.aeruginosa was 14.78%; these results were
incompatible with those obtained by,'* whose results were

Table 1: Numbers and percentages of P. aeruginosa isolated from different samples.

No. Type of specimens Total No. of specimens No. of P. aeruginosa Per %

1 diabetic foot infections 115 17 14.78

2 burns and wound infections 115 31 26.95
Abortion infection 115 4 3.47
Total 345 52 15.07
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52.2%. The samples of diabetic foot including 66 male at a
rate of 57.5%, and 49 female with percentage 42.6%, while in
the infection of burns and wound 45 male with 39.13% and 70
female at a rate of 60.8%. In abortion cases of pregnant women,
Pseudomonas aeruginosa was isolated in 4 aborted women at
a rate of 6.08% as shown in Table 2.

The percentages of female samples were higher than the
males, where those ratios 32.17% male, 67.8% female, and these
results were to approach the results which obtained by Chaya.'*
In the case of diabetic foot; the age group 31 to 40 years has
a higher rate of isolation 52.9%, while the reduced number of
isolation occurs in age group 61 to 70 years at rate of 5.88%,
(Table 3) which also explain the higher rate of isolation in Burns
and wound infection happened in the age group 31 to 40 year
at a rate of 45.1% but the lowest number occurred in patient
which age of them lies between 61 to 70 year. Abortion case
registered a small number of isolation as Table 3.

Identification of Bacteria

P. aeruginosa has a feature as an obligate aerobic microorganism
that grows on different types of culture media, as morphological

vy

properties; it has a sweet or odor like - grape or corn taco, and
hemolysis of blood. P euroginosa characterized by smooth
round colonies with a fluorescent greenish color. It produces
(non-fluorescent) bluish pigment (pyocyanin), pyorubin, and
pyomelanin, which diffuse into the culture media. Microscopic
Examination of P. aeruginosa showed as motile, rod shape
and measuring about (0.6 x 2) m. It is often occurs in single
bacteria or in pairs, and occasionally in short chains. Figure 1.

Biochemical tests are often required to identify the
pathogenic bacteria, including using substrates and sugars and
enzymatic and fermentation reactions, as shown in Table 4. The
results of API 20 NE system came to ensure the biochemical
identification of P. aeruginosa.

Antibacterial Susceptibility Testing

The antimicrobial agent activities against the pathogenic
isolates of bacteria were variable, depending on the species of
bacteria and the action mode of each agent. The results showed
that the isolates of Pseudomonas aeruginosa were resistant to
list of the antibiotics used in this study before irradiation, as
shown in Table 5

Figure 1: A- Pseudomonas aeruginosa on nutrient agar with greenish- blue pigment. B- Pseudomonas aeruginosa microscopically stained with
gram stain.

Table 2: Numbers and percentages of patient sex isolated from different samples.

No. Type of infection Male Per% Female Per% Total No.& %
1 Diabetic foot 66 57.5 49 42.6 115 (100%)
2 Burns and wound 45 39.13 70 60.8 115 (100%)
3 Abortion - - 115 100 115 (100%)
Total 111 - 234 345 (100%)

Table 3: Distribution of P. aeruginosa in different samples according to age group

Age group

No. Type of infection 20-30 31-40 41-50 51-60 61-70 Total
1 Diabetic foot 3 9 2 2 1 17
2 Burns and wound 5 14 6 4 2 31
3 Abortion 1 2 1 0 0 4
Total 9 25 9 6 3 52
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Table 4: Biochemical tests of P. aeruginosa isolates.

Biochemical test Result  Biochemical test Result
hemolysin production Oxidase +
Mannitol fermentation / Catalase +
Gelatin + Coagulase /
Pyoverdin produced + Urease -
Growth at 42¢° + Motility +
Oxidation of lactose + Kligler test or (TSI ) AK/NC
(-HyS),
(-gas)
Oxidation of glucose + Lactose fermentation ~ +
Oxidation of manitole - Indol -
Oxidation of maltose + Methyl red +

Arginine dihydrolase - Voges Proskauer -

Oxidation of manitole — + Citrate utilization
H2s -
Indol -

Oxidation of manitole — +

Nitrate reduction

Lysine decarboxylase -

Key: (+); positive test , ( - ); negative test , ( A/A) ;Acidic/ Acidic ,
(AK/A)) ;Alkaline /Acidic , (AK/NC); Alkaline / No Change, (+S) ;
swarming motility , (/); No test .

Table 5: The results of the antibacterial susceptibility test of
P. aeruginosa before irradiation.

Antibiotics Symbol Conc. ug/ disc  Result
Amikacin (AK) 30 S
Chloramphenicol ) 30 R
Rifampin (RA)) 5 R
Gentamicin (GN)) 10 I
Ciprofloxacin (CIP) 5 S
Vancomycin (VA) 30 R
Oxacillin (0X.) 1 R
Erythromycin (E) 15 R
Cefoxitin (FOX) 30 R
Nalidixic acid (NA) 30 s
Ceftazidime (CAZ) 30 R
Lincomycin @L) 2 R
Cephalothin (F) 30 S
Azithromycin (AZM) 10 S

Key : (R ): resistance, ( S ): sensitive, (I ): Intermediate.

The bacterial resistance of Pseudomonas aeruginosa is
represented by different mechanisms of action: cell wall
synthesis inhibitors (Vancomycin, Cefoxitin, and Oxacillin),
protein synthesis inhibitors which include (Erythromycin), and
RNA synthesis inhibitors such as (Rifampicin)."

After irradiation by omega diode laser for different
frequencies and exposure times, using the (820 and 915) nm
in wavelength, there are significant changes in pathogenic
isolates’ sensitivity of P. aeruginosa antibiotics (Table 6).

Table 6: The results of the antibacterial susceptibility test of
P. aeruginosa after irradiation.

Antibiotics Symbol Conc. ug/ disc  Result
Amikacin (AK) 30 S
Chloramphenicol ) 30 S
Rifampin (RA)) 5 I
Gentamicin (GN) 10 S
Ciprofloxacin (CIP) 5 S
Vancomycin (VA) 30 R
Oxacillin (0X)) 1 S
Erythromycin (E) 15 I
Cefoxitin (FOX) 30 R
Nalidixic acid (NA) 30 S
Ceftazidime (CAZ) 30 S
Lincomycin L) 2 S
Cephalothin (F) 30 S
Azithromycin (AZM) 10 S

The Irradiation of P. aeruginosa in different (time and
frequencies) showed a notable decrease in the bacterial viability
with increasing the dose. Pseudomonas aeruginosa remained
to survive until 27 minutes. for all Wavelengths, while killing
bacteria occurred at exposure time 30-40 minutes by using
10 kHz. The bacterial isolates of Pseudomonas aeruginosa
after irradiation showed that hemolysis production was lost
or decreased at wavelength 915 nm with 20 minutes (lost), 10
kHz frequency, and power 250, While in the 820 nm the results
of absence of hemolysis occurred in 30 minutes. The result of
pyocyanin pigment loss is also affected by laser irradiation,
as shown in Table 7.

When using 820 nm, (5 and 10 kHz), for 30 minutes, the
bacteria just attenuated. But there are the different thing at
the wavelength (915) nm, (10) kHz, and 20 minutes, where
the bacteria was killed; in the process killing bacteria,
the bacterial counting lost while a decrease in the case of
preparation of attenuated bacteria, and this result not agreed
with.!® Who revealed that P. aeruginosa was eradicated after
irradiation with diode laser 14.14x10-3 J/em2 power density
at 5,10 and 15 minutes exposure time. While!” found that P.
aeruginosa absorbed light at visible range where the maximum
was 537 nm for prodigiosin and (690) nm for pyocyanin, and
maybe act as photosensitizers, causing a reduction 62%, of
P. aeruginosa.

Many factors such as the capacity of light absorption, the
wavelength of the laser, bacterial physiology, and emission
from the laser, in addition to exposure time, pH medium,
water, thermal conductivity, and the organic matrix play
important roles with the effectiveness of laser, (Hayek et al.,
2005).'8

To confirm, the irradiated bacterial suspension re cultured,
the viable bacterial counting decreased and lost by using this
wavelength in this study at the preparation of attenuated and
killed bacteria, respectively.
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Table 7: The results of irradiation laser on the bacterial growth.

Wavelengths Frequency Power Result of Result of pigment
(nm) (kHz) Time(min.) mWw growth Result of hemolysis  production
10 50 +++ +++ ++
20 50 ++ + +
> Kz 30 50 + - -
40 50 - - -
820 nm
10 250 ++ ++ +
20 250 + + +
10 kHz 30 250 ) ) )
40 250 - - -
10 50 ++ ++ +
20 50 + + -
5kHz 30 50 + ) ]
40 50 - - -
915 nm
10 250 + + +
20 250 + - -
10 kHz 30 250 A ) i
40 250 - - -
Key : (+++) growth, (++) weak , ( +) very weak, ( - ) no result.
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