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aeruginosa isolates to secrete biofilm, as one
of the virulence factors, was found all of
these isolates (100%). During this study,
three types of disinfectants were used as
chemical agents that have a role such as
anti-biofilm, and the lowest concentration
used to inhibit biofilm production by
bacterial isolates was measured. MICs were
determined as 0.0031, 0.0062 and 0.0125 for
povidone-iodine, IPC231 and surfaxn,

respectively.

Introduction

In most nations, disinfectants are widely utilized in the food processing, agricultural, healthcare,
and domestic industries, cosmetics, and pharmaceuticals must adhere to stringent quality and
safety regulations.[1]

Disinfectants and increased biosecurity are now the best line of defense against the spread of
microorganisms in industrial and medical settings.[2]

Pseudomonas aeruginosa (P. aeruginosa) infections have occasionally been traced back to tainted
medical equipment.[3]

Research has linked P. aeruginosa to a number of different human diseases. Opportunistic
pathogens are known to occasionally infect healthy hosts but can cause life-threatening infections
in immuno compromised individuals.[4]

Although P. aeruginosa seldom infects healthy tissues, it can cause a wide variety of infections,
this includes the host's epithelial barriers, mucociliary layer, cystic fibrosis, a wide variety of
systemic disorders, including urinary tract infections, respiratory infections, dermatitis,
bacteremia, bone and joint infections, gastrointestinal infections [5]

Pseudomonas aeruginosa is the fourth most commonly isolated nosocomial bacteria, responsible
for 10.1% of all hospital-acquired infections in the United States, according to the Centers for
Disease Control and Prevention (CDC) [6].

Aim of study

The goal of this research was to use a variety of techniques to isolate bacteria from different
sources and identify them, as well as to examine biofilm development utilizing these bacterial
isolates. The disk diffusion method for testing bacterial susceptibility.

Material and Method
Sample collection

In this study 100 samples are collect from July 2021 to November 2021 from Heet, Al-Ramadi,
Haditha hospitals in Anbar. These swabs are collected from hospitals workers (tool swabs) and the
patients with burning and open wounds. About 59 isolates of P. aeruginosa have been diagnosed
from diffrent cases of infections.
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Isolation and diagnosis of P. aeruginosa

After the collection the samples were inoculated on BA and MacConkey agar (MCA) for primary
isolation. After the good pure growned colonies were isolated, on specific selective media Muller
Hinton agar (MHA), Brain-Heart infusion broth (BHIB), Brain-Heart infusion agar (BHIA), and
NA used and biochemical examines catalase enzyme, urease and for further identification,
diagnosis and characterization were made.

The morphology of bacterial isolates grown in MCA medium was employed to make the
diagnosis. This was evidenced by the lack of coloration and lactose non-fermentation in the
bacterial colonies [7].

Antibiotic discs test

Amikacin, ciprofloxacin, imipenem, ceftazidime, cefotaxime, gentamicin, meropenem, ofloxacin,
tobramycin, and ampicillin. Adjustments to the Bauer Kirby technique have been made in light of
the results to produce a generally accepted standard [8].

Detection of some virulence factors

To make hemolycin, new bacterial isolates were grown on BA and incubated for 24 hours at 37
°C. Determination of P. aeruginosa virulence factors is successful if the colony contains
hemolysin. Micro titer plate assays for biofilm generation can be utilized to identify virulence
factors[9].

Results and discusion
Antibiotic Resistance Profile Among Bacterial Isolates

A wide range of antibiotic resistance was seen among the bacterial isolates tested in this
investigation, with meropenem showing the highest rate of resistance (58 isolates, 98.3%),
followed by imipenem (52 isolates, 88.1%), tobramycin and ofloxacin (51 isolates, 86.4%),
gentamycin (44 isolates, 74.6%), ciprofloxacin (42 isolates, 71.2%), amikacin (35 individuals
Antibiotic resistance, depicted in Figure 1, and described Table 1 below.

Figure 1: Antibiotic resistance for isolates of P. aeruginosa bacteria
Table 1: Antibiotic resistance distribution among bacterial isolates

Antibiotics Sensitive Resistance MIS
Amikacin 22 (37.3%) 35 (59.3%) 2 (3.4%)
Ceftazidime 22 (37.3%) 34 (57.6%) 3 (5.1%)
Cefotaxime 30 (50.8%) 28 (47.5%) 1(1.7%)
Ciprofloxacin 11 (18.6%) 42 (71.2% 6 (10.2%
Gentamycin 13 (22%) 44 (74.6%) 2 (3.4%)
Imipenem 1(1.7%) 52 (88.1%) 6 (10.2%)
Meropenem 0 (0%) 58 (98.3%) 1 (1.7%)
Ofloxacin 4 (6.8%) 51 (86.4%) 4 (6.8%)
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Ampicillin 36 (61.0%) 16 (27.1%) 7 (11.9%)
Tobramycin 7 (11.9%) 51 (86.4%) 1 (1.7%)

MIC of Disinfectants

In this work, the minimum dosage required to prevent biofilm generation by bacterial isolates was
determined using three different types of disinfectants as chemical agents with roles such as anti-
biofilm. As can be seen in Table 2 below, the minimum inhibitory concentration (MIC) for
povidone-iodine was 0.0031, the MIC for IPC231 was 0.0062, and the MIC for surfaxn was
0.0125.

Table 2: MIC of disinfectants

Type of Minimum inhibitory Certified
disinfectant used concentration (mg/ml) concentration
Povidone-iodine 0.0031 10%

IPC231 0.0062 5%

Surfaxn 0.0125 20%

MIC of anti-biofilm disinfectants

Tables 3, 4, 5 and 6 detail the results of this study, in which the MIC of disinfectants was
determined, as well as the extent of their effect on groups of bacterial isolates producing biofilm at
different concentrations and times using CV and MTT biofilm assay.

Povidone-antibiofilm iodine's activity is laid bare in Tables 3, 4, 5 and 6. Strong biofilm producer
strains of Pseudomonas were shown to be considerably suppressed (P<0.01) by MIC values,
shifting the phenotypic profile to that of a moderate biofilm producer, as seen by the CV and MTT
stain, assay. Although there was no noticeable shift in phenotype, the weak biofilm producer strain
Pseudomonas was likewise strongly suppressed by the povidon concentrations evaluated.

Even after applying povidone-iodine to preexisting biofilms for an hour, we were unable to
confirm that the biofilms had been completely removed. Exposure to MIC levels of povidone-
iodine still resulted in a significant (P<0.01) decrease in the biofilm of both the strong and
moderate biofilm producers Pseudomonas.

Tables 3, 4, 5 and 6 show that IPC has antibiofilm activity. The phenotypic profile of
Pseudomonas, a strong biofilm producer strain, was altered to that of a moderate biofilm producer
after MIC values dramatically decreased biofilm formation (P<0.01). Pseudomonas, a low-level
biofilm producer, was also strongly suppressed by the tested amounts of IPC, although showing no
alterations to its phenotypic profile.

After applying IPC to preexisting biofilms for 2 hours, we were unable to confirm that any of the
biofilms had been completely removed. Still, the biofilm produced by the strong and moderate
biofilm producers was drastically cut (P<0.01). Pseudomonas aeruginosa, after being dosed with
IPC at concentrations above the minimum inhibitory.

Table 3 MIC of anti-biofilm disinfectants-CV

Weak 2 MIC MIC 1/2 MIC 1/4 MIC P-value
(mg/ml) (mg/ml) (mg/ml) (mg/ml)

Povidone- 28.4 16.6 9.4 6.1 0.0001

iodine
IPC 29.5 17.4 10.2 8.3 0.0001
SURFAXN 29.5 17.5 10.7 8.9 0.0001
Moderate 2 MIC MIC 1/2 MIC 1/4 MIC )

(mg/ml) (mg/ml) (mg/ml) (mg/ml)




147

American Journal of Biology and Natural Sciences

Volume: 3 | Number: 01 (2026) Jan

Povidone- 25.25 14.5 7.7 45 0.0002
iodine
IPC 26.5 15.75 8.9 5.3 0.0001
SURFAXN 26.3 15.75 8.6 5.6 0.0001
Stron 2 MIC MIC 1/2 MIC 1/4 MIC i
g (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- 16.5 115 6.2 2.7 0.0035
iodine
IPC 18.4 12.4 7.8 3.2 0.0044
SURFAXN 18.8 14.5 7.9 35 0.0037
2 MIC MIC 1/2 MIC 1/4 MIC
S aureus (mg/ml) (mg/ml) (mg/ml) (mg/ml) ]
Povidone- 26.5 15.9 9.2 35 0.0019
iodine
IPC 26.5 15.45 8.9 4.3 0.0009
SURFAXN 26.375 15.75 8.6 5.6 0.0008
E coli 2 MIC MIC 1/2 MIC 1/4 MIC i
' (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- 24.95 13.9 6.7 3.8 0.0013
iodine
IPC 25.5 14.7 8.9 4.5 0.0011
SURFAXN 26.8 14.8 8.6 4.8 0.0014
Table 4 MIC of anti-biofilm disinfectants-CV after 8 hours
2 MIC MIC 1/2 MIC 1/4 MIC
Weak | na/ml) | (mg/mi) (mg/ml) (mg/miy | Pvalue
Povidone- | 544 22.2 12.8 5.8 0.0033
iodine falad
IPC 36.8 23.4 13.1 6.2 0'2228
SURFAXN 37.6 24.3 14.2 6.5 0'9321
Moderate | 2 MIC MIC 1/2 MIC 1/4 MIC
(mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- | o7 o 16.1 9.1 5.25 0.0052
iodine
IPC 27.2 16.5 9.8 6.1 0'2254
SURFAXN 29.3 16.5 9.7 6.375 0'2220
Stron 2MIC MIC 1/2 MIC 1/4 MIC
g (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- 0.0015
iodine 22.3 154 7.1 5 ox
IPC 23.7 14.7 8.6 6.2 0'2221
SURFAXN 24.1 14.92 8.9 8.9 0'9320
S aureus | 2MIC MIC 1/2 MIC 14 MIC
' (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- 26.5 15.9 9.2 35 0.0019
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iodine *x
IPC 27.2 16.5 9.7 3.9 0'9218
SURFAXN 28.3 16.6 10.3 4.3 0'2218
E coli 2 MIC MIC 1/2 MIC 14 MIC
' (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- | »q g 14.82 8.1 3.6 0.0012
iodine
IPC 27.2 145 9.8 4.5 0'2210
SURFAXN 29.3 15.5 9.7 4.7 0'2212
Table 5 MIC of anti-biofilm disinfectants-CV after 16 hours
Weak 2 MIC MIC 1/2 MIC 1/4 MIC P_value
(mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- | 5, 33.1 15.6 103 | 0.0001 **
iodine
IPC 56.1 34.2 16.1 11.8 0.0001 **
SURFAXN 56.2 33.41 16.6 12.5 0.0001 **
Moderate 2 MIC MIC 1/2 MIC 1/4 MIC
(mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- | 44 575 28.7 135 10.5 0.0006 **
iodine
IPC 44.5 29.6 14.3 11.5 0.0005 **
SURFAXN 45.625 30.8 15.3 12.7 0.0006 **
Stron 2 MIC MIC 1/2 MIC 1/4 MIC
g (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- | 44 5 28.1 125 9.8 0.0017 **
iodine
IPC 42.4 29.2 13.1 10.5 0.0020 **
SURFAXN 41.5 30.7 12.5 11.1 0.0018 **
S aureus 2 MIC MIC 1/2 MIC 1/4 MIC
' (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- | 5 4 26.9 135 105 | 0.0009 **
iodine
IPC 44.5 29.8 15.3 11.5 0.0008 **
SURFAXN 45.625 30.8 15.375 12.7 0.0009 **
E coli 2 MIC MIC 1/2 MIC 1/4 MIC
' (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Povidone- 453 27.75 13.5 11.5 0.0012 **
iodine
IPC 46.5 28.8 14.3 11.5 0.0009 **
SURFAXN 46.8 27.8 14.9 10.6 0.0009 **
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Table 6 MIC of anti-biofilm disinfectants-CV after 24 hours

2 MIC 172 MIC | 1/4MIC
Weak (mg/ml) MIC (mg/ml) (mg/ml) | (mg/mi) P-value
Povidone- 62.7 413 20.1 133 | 00001
iodine *x
IPC 64.5 44 22 144 | 00001
SURFAXN 66.7 44.7 22.8 14.6 0.0001
2 MIC 12 MIC | 1/4MIC
Moderate (mg/ml) MIC (mg/ml) (mg/ml) | (mg/mi)
Povidone- 51 38.8625 15.75 11.2 0.0001
iodine
IPC 51.625 39.625 16.25 12.3 0.0001
SURFAXN 55.375 39.25 17.375 14.2 0.0001
2MIC 12 MIC | 1/4MIC
Strong (mg/ml) MIC (mg/ml) (mg/ml) | (mg/ml)
Povidone- 48.1 37.4 14.2 9.6 0.0003
iodine
IPC 49.7 | 36.71428571 15.4 10.8 0.0001
SURFAXN 50.5 36.8 14.2 10.5 0.0001
2MIC 12 MIC | 1/4MIC
S. aureus (mg/ml) MIC (mg/ml) (mg/ml) | (mg/mi)
Povidone- 52 38.8 15.85 109 | 00001
iodine
IPC 51.6 39.6 16.45 12.2 0.0001
SURFAXN 54.3 39.2 17.3 11.2 0.0001
. 2 MIC 12 MIC | 1/4MIC
E. coli (mg/miy | MICMaMmD o my | mamiy |
Povidone- 52.8 37.8 15.7 124 | 00001
iodine
IPC 50.6 38.6 16.2 13.2 0.0001
SURFAXN 52.3 39.2 17.3 13.5 0.0001

Using a povidone-iodine concentration of 0.2%, an antibacterial experiment demonstrated that
IPC and surfaxn effectively stifled bacterial growth. All of the studied microorganisms have a
minimum inhibitory concentration (MIC) of 10%, 5%, and 20%, respectively, for each chemical.
This data suggests that the chemicals have the potential to reduce bacterial proliferation. Viability
assay results utilizing CV shown that all drugs are effective after 2 hours of treatment and can
continue their impact for up to 24 hours. According to the findings, these chemicals are effective
against both Gram-negative and Gram-positive bacteria.

Infections induced by biofilms are a lot more worrying than those caused by planktonic cells.
Bioflm-associated infections are notoriously difficult to treat because they necessitate larger
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medication doses [10]

In addition to killing bacteria in 24 and 72 hours pre-formed bioflms, the povidone-iodine, IPC,
and surfaxn complex showed no significant difference, increasing the likelihood that it is an
effective antimicrobial agent. Not much is known about the process by which chemicals like
povidone-iodine, indole-3-propionic acid (IPC), and surfaxn prevent biofilm formation[11], [12]

As more and more antimicrobials fail in the milk and dairy industries, causing economic loss and
food safety difficulties, the proliferation of MDR S. aureus with high virulence has become a
serious worry. Previous research has found that S. aureus isolated from milk is resistant to a wide
variety of medicines. This includes erythromycin, ciprofloxacin, clindamycin, gentamicin,
penicillin, and streptomycin. Furthermore, the majority of these isolates are multidrug-resistant
(MDR) [13].

One way that P. aeruginosa stays alive in the face of antimicrobial agents and other stresses is by
forming bacterial biofilms, which prevent the antimicrobials from penetrating the biofilm and
killing the bacteria within it[14].

Multiple-drug resistance (MDR) and biofilm formation by S. spp. isolated from milk and dairy
sectors have been linked in numerous studies. The MTT assay was used to determine the efficacy
of chemicals in killing bacteria present in biofilms. To kill P. aeruginosa in biofilms, researchers
tried three different compounds: povidone-iodine, isopropyl alcohol (IPA), and surfaxn [15], [16].

This setting was predicted to have minimal anti-biofilm activity. However, most of the evaluated
formulations were only effective against Gram-negative germs, and only in the first 6 hours. After
then, there was noticeable recovery linked to the original biofilm's leftover bulk, suggesting that
the bacteria might be able to reform a new, more organized colony. Therefore, the entire colony
needs to be eradicated in vivo, which requires debridement as well as repeated antiseptic
treatments[17].

Bacterial Resistance Profile for Multi Antibiotics Agents

Nosocomial infections, which are acquired in hospitals, are notoriously difficult to treat and are
often associated with P. aeruginosa. This is because this creature naturally resists pharmacological
intervention. Moreover provided with the capacity to acquire additional resistance mechanisms to
several types of antimicrobial drugs via horizontal gene transfer[18].

There was a wide range of antibiotic resistance among the bacterial isolates tested in this study,
with meropenem showing the highest level of resistance (58 isolates, 98.3%), followed by
imipenem (52 isolates, 88.1%), tobramycin and ofloxacin (51 isolates, 86.4%), gentamycin (44
isolates, 74.6%), ciprofloxacin (42 isolates, 71.2%), amikacin (35 isolate

Isolated Acinetobacter spp. and P. aeruginosa were tested for antibiotic sensitivity. Overall, 85.3%
of the isolates were resistant to ceftazidime, and 73.50% were resistant to piperacillin-tazobactam,
whereas only 11.88% were resistant to amikacin. Resistance to cefotaxime (93.8%), piperacillin-
tazobactam (87.5%), and ceftazidime (87.5%) was more common among Acinetobacter spp.,
while resistance to amikacin (12.5%) and ciprofloxacin (87.5%) was the lowest (18.8%). It was
also found that P. aeruginosa isolates were highly resistant to ceftazidime (83.3%) and aztreonam
(77.8%). However, 88.9% of P. aeruginosa isolates were killed by amikacin and 83.3% by
meropenem [19].

Isolated bacteria were effectively treated with imipenem. Resistance to several medications was
found in 26.5 percent of P. aeruginosa isolates [20].

Conclusions:

1. The results of this current study showed that the rate of isolation of P. aeruginosa bacteria
isolated from burns and wounds equal to 59%.

2. It was found that all P. aeruginosa isolates isolated from burns, wounds, had varying resistance
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to the antibiotics used in the study, the highest resistance was to antibacterial meropenem 58
isolates, 98.3% and the lowest resistance was to antimicrobial ampicillin 16 isolates, 27.1%.

3. The results of the study showed that poviden iodine and IPC231 have good efficacy against P.
aeruginosa isolated from burns and wounds in terms of its effect at low concentrations in contrast
with surfaxn.
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