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Abstract---Background: Probiotic refer to harmless live normal flora
micro-organisms (M.O), which are mostly strains of Lactobacillus spp.,
Bifidobacterium spp., and others. These microorganisms (M.O) help
the host's health when given in the right dosages. Aims: To identify
bacterial species isolated from wound infections, and also to evaluate
in-vitro the antimicrobial activity of selected probiotic species and
antibiotic against some pathogenic bacteria. Methods: Records of
wound swabs collected from 102 patients with high suspicion of
wound infections. Bacterial colonies were Gram stained and
microscopically examined. Biochemical tests were done to identify
pathogen species. The microtitre plate method (MTP) was used to
detect biofilm formation by bacteria. The Kirby-Bauer disk diffusion
method was used for antibiotic testing. The well diffusion method and
agar spot method was used for detection probiotic affectivity to a
group of bacteria isolated (totally 38 isolates). Results: Prevalence of
wound infections was 81.4% (CI: 60.869). A total of 10 species were
isolated from 83 infected wounds. The most common bacterial species
detected was  Staphylococcus aureus (26.5%), followed by
Pseudomonas aeruginosa 14.4%, Proteus mirabilis (12%), Escherichia
coli 10.8%, and Enterobacter cloacae (8.4%). Polymicrobial infection
was found in 25(30.1%) of the samples and was mainly constituted
with two species. The most common association was P. aeruginosa /
P. mirabilis. The results demonstrated that all 83 of isolates biofilm
production with varied titer and highly statistical differences
(P<0.0001; CI = 70.057). In susceptibility testing using well diffusion
method, L. acidophilus had effect against 32(84.2%) of 38 isolates (P =
0.004) and L. rhamnosus had coverage against 35(92.1%) of 38
isolates (P = 0.003). While in agar spot method, L. acidophilus had
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effect against 33(86.8%) of 38 isolates (P = 0.005) and L. rhamnosus
had coverage against 36(94.7%) of 38 isolates (P = 0.004). The activity
(resistance or sensitivity) of the remaining 15 antibacterial agents
utilized varied in their coverage, which ranged from 41.7% to 100%.
Conclusion: This study indicates the antibacterial efficacy properties
of Lactobacillus spp., to inhibit the growth in-vitro of pathogenic
bacteria, which cause wound. But probiotic cannot inhibit strong
biofilm formation for all isolates.

Keywords---Lactobacillus acidophilus, Lactobacillus rhamnosus,
probiotic, biofilm formation, antimicrobial agents, skin wound
infections.

Introduction

A wound is defined as an interruption of the integrity or dysfunction of the skin
layers [1, 2]. Wounds are classified as acute or chronic in the most cases. The
first type includes burns, scratches, abrasions, and bug bites are examples of
acute ulcers that are expected to heal in an expected time. Patients' quality of life
is drastically reduced when their skin is damaged by trauma or burn injury [3].
However, depending on the degree of the injury, therapeutic. There are ways to
quicken the healing process [4]. Moreover, in the majority of cases, serious burn
or gunshot wounds necessitate surgery, debridement, and antibiotic therapy.
Processes related accompanied by an underlying risk factor that is
diabetes mellitus (D.M) or immunological weakness, on other hand, are the most
common cause of chronic wounds. Leg and artery ulcers, non-healing surgical
site, and Diabetic foot ulcers are examples of chronic wounds [5]. Another risk
agents for chronic wounds include foreign objects, advanced age, chronic
conditions, such as diabetic mellitus, obesity, immune-deficient diseases, and
infection with microbes [6, 7]. Common pathogenic microbes that induce wound
infections include Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella
pneumonia, and Acinetobacter baumannii [8, 9]. By employing numerous virulence
factors, these bacteria can cause harm and diseases [10]. Wounds, particularly
burn injuries, are inhabited by Gram-positive Micro-organism (M.O), including S.
aureus in first week, and Gram-negative bacteria penetrate the wound in the
second week [11]. As bacteria multiply, they begin to invade deeper tissues, and
sepsis develops when pathogenic bacteria penetrate the lymphatic system and
capillaries. One of the most dangerous clinical forms of infection in patients with
inflamed wounds is sepsis, which requires prompt treatment, especially in
patients in burn units, due to the presence of the extremely poisonous
lipopolysaccharides (LPS) in their cell walls, dangerous and harmful bacteria
include P. aeruginosa and A. baumannii [12].

Probiotics are live M.O that provides health benefits to the host when consumed
in adequate amounts by restoring the microbial balance in the system [13].
Scientists have been attempting to clarify and define the probiotic effect ever since
[14]. Furthermore, lactic acid bacteria (LAB) create part to the autochthonous
micro-biota of a variety of foods, such as yogurt, sour cream, sausages, olives,
and others [15, 16]. They are defined as a set of lactic-acid-producing, low G+C-
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percentage organisms. Gram-positive cocci or rods, non-spore-forming bacteria,
and catalase-negative bacteria share many biochemical, physiological, and genetic
properties [17]. They must be able to interact with or send signals to the immune
system in order to moderate immune system activity. They must also be able to
stimulate local metabolic action [18]. Furthermore, probiotics should be
consistent, safe, active, and capable of remaining usable for extended periods of
time under storage conditions. It must be capable of restoring and replacing
intestinal micro-flora [19].

Material and Method
Study design

This research was cross-sectional study during the period from 9st November,
2021 to 15t February, 2022. A wound swab samples taken from patients with
suspected skin wound infections, including burn, surgery, diabetic foot, and
trauma, between the ages of 17 and 70. Patients were admitted to Al-Zahra
Teaching Hospital, Al Karma Hospital, Fairuz hospital and private clinics in Wasit
province. Samples were taken by sterile disposable cotton swabs and transport
swab. They were, then, cultured onto (MacConkey agar, Blood agar, and
Chocolate agar/ Liofilchem) plates before incubating aerobically and
(anaerobically with Coz) at 37°C for (24h to 48h). After incubation, identified
based on colony morphology, microscopic Gram stain investigation, and standard
biochemical tests [20].

Exclusion and inclusion criteria

In order to include all patients in the study who had suspected wound infections,
the records were carefully examined. Patients were considered to have a wound
infections if they displayed any of the following symptoms: fever, erythema,
localized warmth, foul smell, and darkening of granulation tissue. Patients who
were really unwell and those who had had antibiotic treatment one to two weeks
before to the research were excluded. The patients' age, sex, and wound type were
recorded. After superficial pre-cleansing of wounds with normal saline, Excess
saline was removed carefully by using sterile gauze; each specimen was collected
by rotating a sterile swab during the wound surface of a 1lcm? area in a zig-zag
motion, from the center of the wound to outside.

Detection of biofilm formation

To detect biofilm formation, preparation of biofilm solution using glacial acetic
acid (33%) by adding 33ml of glacial acetic acid to 67 ml of D.W, and used
phosphate buffer saline via suspended 9.86g in 1liter of D.W, and autoclaved at
121°C/15 pounds/inch2 for 15mnts. Then, preserved in refrigerator till used.
Finally, this process was used ethanol 96% via mixed 96ml of ethanol (100%) with
4ml D.W [21, 22].

Microtitre plate method

The isolates' capacity to form biofilm was examined on 96-well flat-bottomed
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micro-titer polystyrene plates. In three wells of a microtitre plate, add 200uL of
bacterial suspensions in brain heart infusion broth for each isolate. All microtitre
plates were then incubated for 24 hrs at 37°C. As controls, wells with brain heart
infusion were filled. After that, the contents of each well were discarded and the
planktonic bacteria were removed by washing with phosphate-buffered saline
three times. 96% of ethanol was used to fix the adhesive bacteria for 5 minutes,
after which the plates were emptied and left to dry. The plates were then stained
with 100uL of crystal violet solution (1%) per well (w/v) and left to sit for 5
minutes. A sterile solution of distilled water was used to remove the excess
discoloration. Then, 200uL of glacial acetic acid (33%) per well (v/v) was added to
carry out the quantitative analysis of the biofilm. Using a BioTek Reader,
microtitre plates were incubated for 15 minutes before the absorbance at 570nm
was measured, as labelled that biofilm formation was considered as highly
positive (ODs7020.24), weak positive (0.12<0Ds70<0.24), or negative (ODs70<0.12)
[21].

Antibiotic Susceptibility

Susceptibility to antibiotic chemotherapy was determined by the Kirby-Bauer disc
diffusion method, and results interpreted according to Clinical and Laboratory
Standards Institute (CLSI, 2022). The antibiotics tested were amikacin 30pg,
amogxicillin-clavulanate 30pg, azithromycin 15pg, ceftazidime 30pg, ciprofloxacin
Spg, gentamicin 10pg, ceftriaxone 30pg, nitrofurantoin 30 pg, imipenem 10pg,
levofloxacin Spg, meropenem 10pg, nalidixic acid 30pg, piperacillin 100pg,
trimethoprim sulfamethoxazole 25ng, and tobomycin 30png.

Methods for detection probiotic affectivity
Well diffusion method

In this method, all Lactobacillus spp. were cultured in MRSB (107CFU/ml) at 37°C
with 5% CO; for 24hrs, and used as the broth-culture-bacteria (BCB). In addition,
staphylococci isolates were grown in broth culture and incubated at 37°C for
24hrs. In addition, cell free supernatant (CFS) for Lactobacillus spp. was obtained
by centrifuging the culture at 10000 rpm/15mnts., then clarified the supernatant
through a filter paper of 0.22pm pore size [23].

Agar spot method

Spots of Lactobacillus spp. from an overnight culture in MRS broth were placed on
the surface of MRS agar, and colonies were then allowed to grow for 24 hrs. at
37°C. The pathogenic bacteria were put into semi-solid nutritional medium (1.3g
nutrient broth + 0.75g nutrient agar in 100ml D.W) and then poured over MRS
agar after 24 hrs. of culture. The plates were incubated at 37°C for 24 hrs, and an
inhibitory zone was then examined. The areas of inhibition were categorized as (-)
for no visible inhibition, (+) for inhibition between 0.5 and 6 mm, (++) for
inhibition between 7 and 12 mm, and (+++) for inhibition of more than 12 mm
[24].
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Statistical analyses
All data were statistically analyzed using the Statistical-Package-for-Social-
Science (SPSS, version 25.0) for Windows program. Chi Square was used to
assess all results that had a significant level (P<0.05).
Result
Prevalence of wound infections
The current study was conducted on 102 specimens from skin wound infections
of suspected patients, 57 (55.9%) male and 45 (44.1%) female subject. The results
were distributed according to the patient's age between 17-70 years old with

highly statistical differences, as showed in the (Table 1).

Table (1): The distribution of patients according to age groups and gender

Variable Frequency % P-value
Gender Male 57.0 55.9
Female 45.0 44.1
17-20 6 5.9

21-30 22 21.5 0.013

Age 31-40 19 18.6
(vears) 41-50 28 27.4
51-60 15 14.7
61-70 12 11.8

P<0.05, Chi-square= 14.443
Type of wound

One hundred and two swab specimens from skin wound infections were collected
in this study which include burn (n=30, 29.4%), diabetic foot (n=27, 26.4%),
surgery (n=25, 24.5%), and trauma (n=20, 19.6%). about 83 swab (81.4%) show
positive culture of bacterial growth from different skin wound sites versus 19
swab (18.6%) show negative results for culturing, as showed in the (Table 2).

Table 2: The distribution of sample collection according to site of wound and

gender
Type of No. of Patient's with No. of Patient with P-value
wound swab infected wounds infected infected wounds
swabs
Males Females Males Females
Burn 30(29.4%) 17 13 25(83.3%) 14 11
Diabetic foot = 27(26.4%) 17 10 21(77.8%) 15 6 0.285
Surgery 25(24.5%) 10 15 20(80.0%) 7 13
Trauma 20(19.6%) 13 7 17(85.0%) 11 6
Total 102 57 45 83(81.3%) 47 36

P<0.05, Chi-square= 3.788
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Age and sex

A higher incidence of wound infections in the 17 to 70 year age group, but age did
not significantly correlate with the incidence of wound infections. Both the type
of wound and the type of organism that was isolated did not significantly correlate
with the subject's sex (P = 0.28 and P = 0.57, respectively).

Isolation of bacteria

A culture study based on morphological and biochemical tests revealed a high
incidence of Gram negative bacteria 46(55.5%), that includes Pseudomonas
aeruginosa showed that a high percent 12(14.4%), followed Proteus mirabilis
10(12.0%). Moreover, Escherichia coli 9(10.8%), Enterobacter cloacae 7(8.4%),
Klebsiella Pneumoniae 7(8.4%), , while Enterococcus facieum was the least
detected isolate 1(1.2%). Whereas Gram-positive bacteria recorded 37(44.5%), that
includes S. aureus had the highest percentage of isolated M.O in this investigation
22(26.5%), followed by S. epidermidis 7(8.4%), S. hominis 4(4.8%) and S.
haemolyticus 4(4.8%). S. aureus was the predominant Gram positive M.O isolated,
accounting for almost quarter of the isolates. P. aeruginosa was the predominant
Gram negative M.O isolated from the wound swabs. However, there was
significant associated between organism and wound types (P = 0.0002; CI =
60.869), (Figure 1).
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Figure 1: Frequency of organisms based on wound types
Biofilm production by using microtitre plate (MTP)

In present study, a total 83 isolates evaluated using MTP. MTP is the most
sensitive, accurate, and trustworthy screening approach for identifying the
development of biofilms was found. MTP was a quantitative technique that
reflected the industry standard for identifying biofilms (Al-Dahmoshi, 2013). In
MTP method for detection of biofilm production, the results demonstrated that all
83 of isolates biofilm production, with varied titer and highly statistical
differences (P<o0.0001; CI = 70.057), as showed in (Figure 2).
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(Figure 2): MTP Method that used for biofilm production and percent of each type
Effect of probiotic on the skin wound bacteria

Antimicrobial effect of Lactobacillus spp., against some bacterial skin wound
infections using well diffusion methods and agar spot method. The synthesis of
several anti-bacterial chemicals, such as organic acids, bacteriocins, CO2, HyOg,
or other substances like antibiotics, was a sign of the antimicrobial activity of
probiotics in different Lactobacillus spp. The results in the present study with
probiotic bacteria against different bacteria isolated from skin wound infections
showed variance of inhibition ability ranging in case of bacterial culture broth
(BCB) from 11-24 mm and in case of cell free supernatant (CFS) from 9-15 mm by
using well diffusion method, while in agar spot method, the inhibition ability
ranging from 12-26. The L. rhamnosus showed high significant (P = 0.003) ability
to inhibit growth of P. aeruginosa, an P. mirabilis, E. coli and E. cloacae more than
L. acidophilus (P = 0.004) by using well diffusion method, as illustrated in the

(Table 3).

Table 3: Antimicrobial effect Lactobacillus spp., against different skin wound
bacteria isolated using well diffusion method

Bacteria L acidophilus  P-value L. rhnamnosus  P-value
No.(%) 0.004 No.(%) 0.003
P. aeruginosa 9(75.0%) 10(83.3%)
P. mirabilis 9(90.0%) 10(100%)
E. coli 9(100%) 9(100%)
E. cloacae S(71.4%) 6(85.7%)

P<0.05, Chi-square= 1.691

The highest inhibition zone of (BCB) by L. rhamnosus was 24 mm; meanwhile,
highest inhibition zone by L. acidophilus was 19 mm using well diffusion method.
In addition, the highest inhibition zone of (CFS) in both L. rhamnosus and L.
acidophilus was 15 mm, and 11 mm, respectively, using well diffusion method, as
illustrated in (Table 4).
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diffusion method by BCB and CFS.

Table 4: Antimicrobial effect of Lactobacillus spp. in millimeters using well

Agar spot method are another method of antimicrobial effect of L. acidophilus and

L. rhamnosus against different skin wound bacteria isolated., as showed in (Table
5).

Table 5: Antimicrobial effect Lactobacillus spp., against different skin wound
bacteria isolated using agar spot method

BCB
. L. acidophilus L. rhamnosus
‘5 Active Moderate Less active Active Moderate Less active
5 No. (%) active No.(%) No. (%) active No.(%)
8 > 15mm No. (%) < 10mm > 15mm No. (%) < 10mm
11-14mm 11-14mm
P. aeruginosa 4(33.3%) S5(41.7%) 6(54.5%) 4(36.3%)
P. mirabilis 6(60%) 3(30%) 8(80%) 2(20%)
E. coli 4(44.4%) 5(55.6%) 6(66.7%) 3(33.3%)
E. cloacae 2(28.5%) 3(42.8%) 4(57.1%) 2(28.5%)
CFS
. L. acidophilus L. rhamnosus
‘5 Active Moderate Less active Active Moderate Less active
3 No. (%) active No.(%) No. (%) active No.(%)
3 > 15mm No. (%) < 10mm > 15mm No. (%) < 10mm
11-14mm 11-14mm
P. aeruginosa 3(25%) 6(50%) 4(36.3) 6(54.6%)
P. mirabilis 4(40%) 5(50%) 6(60%) 4(40%)
E. coli 5(55.6%) 4(44.4%) 7(77.8%) 2(22.2%)
E. cloacae 2(28.5%) 3(42.8%) 3(42.8%) 3(42.8%)
P<0.05

Bacteria L acidophilus  P-value L. rhamnosus P-value
No.(%) 0.005 No.(%) 0.004
P. aeruginosa 10(83.3%) 11(91.7%)
P. mirabilis 9(90.0%) 10(100%)
E. coli 9(100%) 9(100%)
E. cloacae S5(71.4%) 6(85.7%)

P<0.05, Chi-square= 1.765

According to Zone diameter of inhibition, the highest inhibition zone with L.
rhamnosus was 26 mm; meanwhile-highest inhibition zone with L. acidophilus
was 22 mm using agar spot method, as showed in (Table 6).
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Table 6: Antimicrobial effect of Lactobacillus spp. in millimeters using agar spot
method

Agar spot method

o L. acidophilus L. rhamnosus
‘5 Active Moderate active Active Moderate active
5 No.(%) No.(%) No. (%) No.(%)
[:‘3 > 12mm 7-12mm > 12mm 7-12mm
+++) (++) +++) (++)
P. aeruginosa 9(75%) 1(8.3%) 11(91.7%)
P. mirabilis 8(80%) 1(10%) 10(100%)
E. coli 5(55.6%) 4(44.4%) 9(100%)
E. cloacae 3(42.8%) 2(28.5%) 4(57.1%) 2(28.5%)
P<0.05

Comparison of the effect of antibiotics and probiotics on biofilm formation
by some pathogenic skin wound bacteria isolates

In this current study the effect of L. rhamnosus on biofilm formation for
pathogenic skin wound bacteria showed in well diffusion method and agar spot
method by statically analysis (P = 0.003, P = 0.004) respectively, that means it
had ability to prevent biofilm formation. In addition, L. acidophilus also showed a
relationship with inhibition of biofilm formation for pathogenic skin wound
bacteria in well diffusion method and agar spot method by statically analysis (P =
0.004, P = 0.005) respectively, but slightly less than L. rhamnosus. The effect of
both lactobacillus spp., bacteria on these bacteria by statically analysis indicated
there are relationship of probiotic and inhibition of strong biofilm formation, as in
(Table 7).

Table 7: Effect of antibiotics and probiotics on pathogenic skin wound infections

Antibacterial agent E. coli P. mirabilis E. cloacae P. aeruginosa
Strong biofilm 1(11.1%) 7(70%) 7(100%) 10(100%)
L. acidophilus (100%) (90%) (71.4%) (83.3%)
L. rhamnosus (100%) (100%) (85.7%) (91.7%)

AK 30pg S(77.8%) S(80%) R(71.4%) R(41.7%)
AUG 30pg R(100%) R(90%) R(100%) R(100%)
AZM 15ng R(55.6%) S(70%) R(100%) -
CRO 30ng R(77.8%) R(70%) R(71.4%) -

F 30 pg S(77.8%) R(60%) R(71.4%) -
LEV 5pg S(66.7%) R(60%) S(57.1%) R(50%)
MRO 10pg S(66.7%) S(80%) R(71.4%) S(91.7%)
NA 30pg R(66.7%) R(70%) R(100%) R(100%)
CN 10pg R(56.6%) R(90%) R(100%) S(58.3%)

SXT 25pg R(44.4%) R(80%) R(100%) -
CAZ 30pg R(44.4%) R(50%) R(85.7%) R(58.3%)

CIP 5ug R(44.4%) R(50%) R(71.4%) R(50%)

IMI 10pg R(77.8%) 1(60%) R(71.4%) S(41.7%)

PRL 100pg R(77.8%) S(80%) R(100%) S(41.7%)
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TOB30 R(55.6% R(50% R(100% R(66.7%
HE

Significant difference (P<0.001); Chi square= 38.487; S= sensitive; R= resistant
Discussion

The M.O that were most often isolated in this study were S. aureus 6(30.0%),
followed by S. epidermidis 4(20.0%), S. hominis 4(20.0%), S. haemolyticus
3(15.0%), P. aeruginosa 2(10.0%), and then P. mirabilis 1(5.0%). This shows their
ability to infect the skin with a variety of virulence factors that encourage host
tissue adhesion, such as coagulase, protein A, leukocidins, haemolysins, and
superantigens [25, 26, 27, 28]. The causes of the increased incidence of P.
aeruginosa isolates from burn wound more than other types of wounds may be
related to factors such as nosocomial pathogen acquisition with frequent,
prolonged hospitalization that exacerbates illnesses, prior or Random
antibacterial drug treatment and the immunosuppressive effects of burn wound
infection [29, 30]. E. coli, E. cloacae, K. pneumoniae, and P. mirabilis isolates were
segregated with low frequencies and different percents due to the development of
nosocomial properties, their migration from the gastrointestinal, urinary, and
respiratory tracts to wounds, and their immunosuppressive activities [25, 31, 32].
Detection of biofilm formation by MTP showed that S. aureus 2(9.0%) of isolate
produce weak biofilm, 18(82.0%) isolate as moderate biofilm and 2(9.0%) isolates
strong biofilm, In S. epidermidis 1(16.7%) of isolate produce weak biofilm,
1(14.2%) isolate as moderate biofilm and 4(66.7%) isolates strong biofilm. similar
to that revealed in Baghdad was result showed that the OD values obtained by S.
epidermidis were higher than the OD values obtained by S. aureus [33]. Also
agreed with another study reported [34]. In P. aeruginosa 12(100%) isolates strong
biofilm. In this study, the percentage of strong biofilm formation close to the
result in Baghdad was result showed that the percentage was (100%) [34]. In P.
mirabilis 3(30%) isolate as moderate biofilm and 7(70%) isolates strong biofilm. In
this study, the percentage of strong biofilm formation close to the result that
reported P. mirabilis is one of the strongest biofilm production isolated from skin
wound [35]. In E. coli 1(11.1%) of isolate produce weak biofilm, 7(77.8%) isolate as
moderate biofilm and 1(11.1%) isolates strong biofilm. In this study, the
percentage of strong biofilm formation agreed to the result in Egypt was (10.0%)
[36].

In E. cloacae 7(100%) isolates strong biofilm. In this study, Similar result that
reported Enterobacter spp., isolates from wound infections have more capacity to
produce biofilms than isolates from Urinary system [37]. Furthermore, these
result are disagreed with other study reported in Baghdad was showed moderate
percentage was (40.0%) and strong percentage was (60.0%) for Enterobacter spp.
[38]. According to susceptibility testing, the study tested L. acidophilus and L.
rhamnosus to a wide range of antibacterial drugs that might be applied locally or
systemically in cases of skin wounds. Table 7 displayed the susceptibility of
bacterial isolates with multidrug resistance to several antibacterial compounds
when applied in varying amounts [39]. All isolates displayed high sensitivity to L.
acidophilus and L. rhamnosus. These result of probiotic come in accordant to
another study reported that, the probiotic L. rhamnosus enhancement of
inhibitory zone diameters in well diffusion method higher than L. acidophilus
against P. aeruginosa [39]. In addition, these result agreed with another study
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reported that showed the effect of L. rhamnosus on P. aeruginosa was (72.2%),
While the effect of L. acidophilus on P. aeruginosa was (61.1%) [19]. Moreover,
another study in Baghdad found that L acidophilus has ability to inhibit against
(100%) of P. aeruginosa, an P. mirabilis, E. coli and E. cloacae [40]. When
comparing diameters to (CFS), the antibacterial action of (BCB) utilizing the well
diffusion method showed the largest inhibitory zone. This may be because the
(BCB) contains higher concentrations of inhibitory chemicals, such as those
linked to intact bacteria and antimicrobial compounds. The existence of various
secondary metabolites by Lactobacillus spp., such as lactic acids, biosurfactant,
and other fermentation products, as well as bacteriocins, may play a significant
role in the greatest removal between the harmful bacteria [41]. The result in
current study showed that the agar spot method slightly more effective method
compared to well diffusion method. In comparison to the well diffusion method,
the agar spot method was generally highly effective. This may be due to
Lactobacillus spp., grown on agar medium is able to synthesize additional
inhibitory substance-bacteriocins in a significantly greater amount than
Lactobacillus spp., cultivated on liquid culture [19]. Furthermore, the results
concluded that L. rhamnosus exhibited a strong ability to stop bacteria from
growing in-vitro for most harmful Gram-negative bacteria, which cause infections
in skin wounds. This demonstrates that L. rhamnosus bacteria's more
effectiveness as a treatment than L. acidophilus. Most of isolates showed highly
sensitive percent to L. acidophilus and L. rhamnosus. The antibacterial activity of
Lactobacilli spp., is explained by these results through interaction with Toll-like
receptors 2 (TLR-2) It is capable of recognizing lipoteichoic acid (LTA), bacterial
lipoproteins, and other ways, synthesis of a variety of antimicrobial chemicals,
including antibiotics, lactic acid, and hydrogen peroxide [42]. Moreover, through
competing with other pathogenic M.O for nutrients, Pathogenic growth and
proliferation can be effectively suppressed by lactobacilli. In accordance with
Lactobacilli's antibacterial activity, the innate immune system's macrophages and
natural killer cells (NKCs) were said to exhibit stimulatory qualities in-vitro [43].
Systemic inflammatory reactions to pathogenic bacterial DNA can be reduced by
probiotic Lactobacilli DNA [44]. These immunological effects of lactobacilli were
crucial for inhibiting or reducing bacterial complications that could result in the
patient's death. Probiotic cannot inhibit strong biofilm formation for all isolates,
while results showed that there was no resistance to some antibiotics such as
amikacin and nitrofurantoin, the biofilm-forming bacteria have high ability to be
resistant to antibiotics, and this may be due to reduced capacity of antibiotics
penetration into biofilm core because of physical barrier that made of polymeric
substances on the external surface [45].

Conclusion

This study shows that Lactobacillus spp., has antibacterial effectiveness and
immunological characteristics against pathogenic wound infections.
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