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Background & Objective: A burn wound is sterile immediately after injury, but
opportunistic bacteria colonize the wound within 48 to 72 hours after the burn, causing
delayed or failed burn wound healing. In addition, the presence of multidrug-resistant
(MDR) pathogens doubles the treatment problems. Lactobacillus plantarum (L.
plantarum) is a well-known antibacterial and healing agent that could be used topically
to treat burn wounds.

Case Series Presentation: This clinical trial study (Case Series) was performed on 20
patients with deep second-degree burns. Patients had bilateral wounds; the wound on
one side of the body was considered as control (treated with silver sulfadiazine) and the
other side of the body as treatment (treated with bacteria-free supernatants (BFS) of L.
plantarum). The wounds were evaluated by microbial assessments and assessments
related to healing. Pseudomonas aeruginosa, Klebsiella pneumonia, and
Staphylococcus aureus were isolated from 4 (22.2%), 0%, and 2 (11.1%) of wounds
treated with L. plantarum on the fifth day of the treatment, respectively. Furthermore,
12 (66.7%) of wounds treated with L. plantarum were free from bacteria. The need for
skin grafting was the same in both treatment and control groups, but graft rejection in
the group treated with L. plantarum was (0%) (P=0.02).

Conclusion: Regarding eliminating or reducing infection and wound healing, bacteria-free
supernatants of L. plantarum can be considered a possible topical treatment option in the
case of second-degree burn wounds.
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Introduction

Burn injuries are a major global health problem and
a significant cause of mortality and morbidity worldwide
(1, 2). Burn treatment imposes great costs on patients,
families, and the healthcare system. In addition, one of
the most important factors that could increase the risk of
nosocomial infections in burn patients is the length of
hospitalization. In many cases, people with burned skin
may die from bacterial infections before the burn
wounds heal. Therefore, the speed of wound healing in
burns is very important (3, 4).

One of the main reasons for slow wound healing and
even graft rejection after burns is the colonization and
growth of opportunistic bacteria on the burned skin,
especially  Staphylococcus — aureus, Pseudomonas
aeruginosa, and Acinetobacter baumannii (5, 6).
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These microorganisms have the ability to produce
biofilms, a complex community embedded in a
polysaccharide matrix. Biofilm-producing bacteria are
extremely resistant to antibiotics and the host immune
response (7, 8). Due to the prevalence of multidrug-
resistant pathogens (MDR), treating infections with
conventional antimicrobial drugs has become a global
health problem associated with high mortality rates (9).

Since the 1960s, topical silver-containing
antimicrobial agents have reduced morbidity and
mortality worldwide, despite side effects associated with
silver deposition on tissues (7, 10). Employing effective
and safe methods to accelerate the wound healing
process can reduce financial, physical, and
psychological costs imposed on patients and their
relatives (11). Currently, bacteriotherapy — the use of
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beneficial and safe bacteria with or without their
supernatant against pathogenic organisms — is one of the
new alternative methods that could be used to prevent
infection, regulate inflammation, and possibly repair
wounds during trauma or burns (7, 12, 13).

Probiotics are live and beneficial microorganisms
with antibacterial properties. The presence of probiotics
in the body could play a preventive and therapeutic role
in improving and maintaining the health of the
gastrointestinal tract, reducing the use of antibiotics, and
treating skin diseases, especially infectious wounds (7,
12). Using probiotics on the wound could help heal the
host wound in a short time (12, 14, 15).

The exact mechanism of action of probiotics and
their products is not well understood. However, their
beneficial effects are manifested by several mechanisms,
the most important of which are non-immunological
(antimicrobial effects, competition for binding to target
cells, helping enhance the mucosal barrier) and
immunological mechanisms (14, 16, 17).

One of the most important antimicrobial agents is the
bacteria-free supernatant (BFS) of probiotics, which
induces apoptosis in cells. The inhibitory effect of BFS
is directly related to its concentration. Also, independent
of acidity due to the presence of a higher number of
metabolites produced in the supernatant (18, 19).

Today, among all probiotic species, Lactobacillus
spp. and their supernatants are used in most probiotic
research. According to the results of various studies,
bacteriotherapy with lactobacilli could be considered a
suitable alternative to other drugs and used in the
treatment or prevention of some diseases and infections,
especially traumatic wound infections in animal models;
it could be used as an important medical strategy (2, 12,
20).

Some Lactobacillus strains and their products exhibit
significant inhibitory activities against multidrug-
resistant (MDR) bacteria (2).

Lactobacillus  plantarum (L. plantarum), is a
widespread bacterial species. L. plantarum 299v secretes
antibacterial substances such as lactic acid, benzoic acid,
hydrogen peroxide, bacteriocins, and short-chain fatty
acids (SCFAs) (2, 21). L. plantarum lowers the intestinal
pH and creates an unfavorable environment for the
growth of pathogens (1, 2). BFS of probiotics contains
antibacterial agents that regulate the population
composition of normal flora and thus reduce the
incidence of bacterial infections. The use of probiotic
products could be considered an important medical
strategy due to their bactericidal effect (5, 22).

The role of acetic acid and hydrogen peroxide in the
BFS of probiotics has been proven in controlling
infection and healing burn wounds, contributing to the
healing process of burn wounds in a short period of
treatment. Therefore, BFS of probiotics could be used as
a topical alternative to antibiotics (5, 18, 19).

Due to the need for effective and safe topical
treatments for burn wounds, the current case series study

Vol.17 No.4 Fall, 2022

Somayeh Soleymanzadeh Moghadam et al. 461

was conducted to treat second-degree burn wounds
using L. plantarum cell-free supernatant.

Clinical Trial Methods

T The current clinical trial study was performed on
20 male and female burned patients who were referred
to Motahari burn hospital, Iran, from October 2019 to
February 2020. Patients were in the age range of 18 to
50 years. Two of the 20 patients left the study with their
consent, and the project continued with 18 patients.
The seclected patients were with deep second-degree
burns, and the percentage of the total body surface area
(%TBSA) of burns was between 10-20%. All patients
were informed about the study's aim, and they entered
the study with their consent. The study was approved
by Iran University of Medical Sciences Ethics
Committee with code IRIUMS.REC.1397.614.

Inclusion Criteria

- Patients with deep second-degree burn
-Patients with %TBSA between 10-20%
- Patients between 18 to 50 years-old

-Informed consent: if any of the patients did not
want to continue the treatment with the method
presented in the current study, they were referred to the
physician for treatment with standard methods.

Exclusion Criteria
-Patients with primary infection

-Patients with underlying diseases, including
diabetes, high blood pressure, kidney disease, and a
history of seizures

-Taking oral antibiotics during treatment; if the
wound became infected during treatment, or the person
had to take antibiotics for any other reason

Patient's request not to continue the treatment with
the method presented in the study and to withdraw from
the study

Study Design and Patients

A total of 18 patients were selected with bilateral
burns (two feet or two hands), of which one hand or
foot (left) was assigned to the control group, and the
other hand or foot (right) was assigned to the
experimental group. The control group (received
routine treatment) and the experimental group
(received the probiotic product). The study groups
were as follows:

- Control group: treated with the common hospital
treatment method (wound washing with normal saline
+ silver sulfadiazine ointment + dressing) for 7 to 10
days.

- Treatment group: treated with the method
presented in the study (wound washing with normal
saline + ointment containing L. plantarum product +
dressing) for 7 to 10 days.

Collecting Demographic and Burn Information
of Patients

The patient's demographic information, including
gender and age, was collected. Also, other data related
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to patients, including admission date, TBSA
percentage, and burn degree, were checked, and
recorded (Tables_1 and 2).

Preparation and Cultivation of Probiotic
Bacteria

In the current study, L. plantarum 299y (DSM9843)
strain was obtained from the Iranian Biological
Resources Center, Iran. Lactobacillus strains were
grown anaerobically on De Man, Rogosa, and Sharpe
(MRS) broth and agar at 37°C for 48 h and maintained
at -20°C (23).

Bacteria-free Supernatant Preparation

To prepare BES probiotic, L. plantarum 299y strain
was cultivated in MRS broth medium (MERCK,
Germany) for 48 h under anaerobic conditions. The
supernatant was prepared by centrifuging the probiotic
suspension at 3000 rpm for 20 min in a centrifuge
(Sigma 3-16k, Germany). Then, the -centrifuged
suspension was filtered through a 0.22 um pore size
sterile filter. The BFS of the probiotic was prepared and
used freshly (24).

Preparation of Ointment Containing BFS

After centrifugation of the probiotic supernatant
and filtration, the resulting solution was added to
Eucerin  (Eucerin®, Original Healing Cream,
Germany), kept at 4°C, and used for topical treatment
of patients.

Treatment and Wound Healing

All patients were treated using Eucerin + BFS and
silver sulfadiazine ointment on the right foot or hand
right hand as well as left foot or hand, respectively. The
whole burn surface was covered with Eucerin + BFS or
silver sulfadiazine ointment. Patients were treated
topically once a day for 7 to 10 days. Treatment of
patients continued until skin grafting. However, some
patients were treated entirely without the need for skin
grafting. During the treatment process, patients were
visited by infectious disease physicians as well as
surgeons. Clinical signs, as well as the morphology of
their wounds, were examined. If the patient’s condition
or wound worsened, the current treatment was changed
to routine treatment.

To evaluate the wound healing process, the
following criteria were considered: reduction of
bacteria (clinical signs as well as wound morphology),
reduction of exudate levels, reduction of pain and odor,
the advent of granulation tissue, as well as
epithelialization (25). On the fifth day of treatment, a
wound culture test was performed for the patients'
wounds with a sterile swab (3). Then, the bacteria
isolated from the wounds were identified, and their
microbial resistance patterns were investigated.
Antibiotic sensitivity patterns of different isolates were
investigated by disk diffusion (dd) method using
Mueller Hinton agar medium (MHA, Merck,
Germany) and antibiotic disks (Mast Group Ltd.,
Merseyside, UK) based on the recommendations of the
Clinical and Laboratory Standards Institute (CLSI,
2017) (2). In the current study, the antibiotic disks used
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included Vancomycin (30 pg), Ciprofloxacin (30 pg),
Gentamicin (10 pg), Amikacin (30 pg), Imipenem (10
pg), Ceftazidime (30 pg), Clindamycin (2 pg)
Cefalexin (30 pg), and Erythromycin (15 pg).

Statistical Analysis

The data were analyzed by SPSS software, Version
20.0 (SPSS Inc., Chicago, IL., USA), and Excel 2013.
Comparisons between groups were performed using
non-parametric statistical tests, including the Chi-
square test. A P-value of < 0.05 was considered
statistically significant.

Results

The current study evaluated 18 male and female
patients with deep second-degree burn wounds and
%TBSA between 10-20%. All patients were in the age
range of 18 to 50 years (Tables 1 and 2). In this study,
16 (88.88%) patients were male, and 2 (11.11%) were
female. In addition, 6 (33.33%) and 12 (66.66 %) of the
selected patients were 18 - 30 and 31 - 50 years,
respectively. The percentage of TBSA was 10% in 7
(38.88%) of patients and 11-20% in 11 (61.22%) of
patients.

As shown in Figure 1, K. pneumoniae strains were
not detected in the group treated with L. plantarum on
the fifth day of treatment. P. aeruginosa was isolated
from 4 (22.2%) wounds treated with L. plantarum. At
the same time, this percentage was 6 (33.3%) in the
silver sulfadiazine receiving group. The percentage of
wounds colonized by S. aureus was the same in
treatment and control groups 2 (11.1%). Also, 12
(66.7%) of wounds treated with L. plantarum were free
from bacteria on the fifth day of treatment. This
percentage was 50% in the other group; however, there
was no significant difference in this regard between the
two groups based on the Chi-square test results (P=
0.49) (Figure 1). Then, the antibiotic resistance pattern
of a different strain isolated from the patient's wounds
in both groups was evaluated on the fifth day of
treatment (Table 1). According to the results shown in
Table 1, 100% of P. aeruginosa strains isolated from
both treatment and control groups were resistant to
antibiotic discs, including CIP, AK, CAZ and IMI. The
percentage of resistance to GM was lower in P.
aeruginosa strains isolated from the L. plantarum
treated group compared to those isolated from the
silver sulfadiazine treated group ((9 (50%) versus 12
(66.7%)). The percentage of antibiotic resistance of S.
aureus strains to antibiotic discs, including VAN, CIP,
AK, CLI, ERY, and CN, was 0% in both treatment and
control groups. K. pneumonia strains were not detected
in the group treated with L. plantarum, while 100% of
K. pneumonia strains isolated from the control group
were resistant to CIP, GM, and CAZ.

Antibiotic resistance among P. aeruginosa, S.
aureus, and K. pneumonia strains isolated from the
wounds in both treatment and control groups (by disk
diffusion  test). = VAN:  Vancomycin, CIP:
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Ciprofloxacin, GM: Gentamicin, AK: Amikacin, CAZ:
Ceftazidime, CLI: Clindamycin, ERY: Erythromycin,
IMI: Imipenem, CN: Cephalexin.

In the next step, patients whose wound cultures
were negative and required skin grafting were
candidates for skin graft surgery. After treatment or
skin grafting and discharge from the hospital, patients
were followed up for two weeks. Overall, the results
showed that 10 (55.6%) patients needed skin grafting,
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and the need for skin grafting was the same in both
treatment and control groups. Therefore, no significant
difference was observed between the two groups (Chi-
square test). In addition, the rate of graft rejection in the
group treated with silver sulfadiazine was 4 cases
(22.2%). In comparison, this rate in the group treated
with L. plantarum was 0%. This difference was
significant between the two treatment and control
groups (P=0.02) (Table 2).

66.70

50.00
5.60
|

K. pneumoniae Free of bacteria

m silver sulfadiazine group

Fig. 1. The percentage of bacteria isolated from the patients' wounds in both treatment and control groups on the fifth day of
treatment. The difference was observed among control and treatment groups in terms of the presence of bacteria in the wound

(phenotypic assay).

Table 1. Evaluation of antibiotic resistance of different strains isolated from the wounds of patients on the fifth day of treatment

. Percentage of resistance (%)
Strain Groups

VAN CIP GM | AK
- 100 50 100
- 100 66.7 100

P. aeruginosa

0
S. aureus
0

K. pneumoniae
100 100 0

CAZ

CLI | ERY IMI CN

- - 100 - L. plantarum
- - 100 - Silver sulfadiazine
0 0 - 0 L. plantarum
0 0 - 0 Silver sulfadiazine
- - - - L. plantarum
- - 0 - silver sulfadiazine

Table 2. A descriptive evaluation of skin grafting and graft rejection

Doing skin grafts * _ Rejection of skin grafts
Group N (%) Total N (%) Total
Yes No Yes No

L. plantarum

silver sulfadiazine

a: Chi-square: Value: 0, : 1, Sig.: 1
b: Chi-square: Value: 5, : 2, Sig.: 0.02
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10 (55.6) 8 (44.4) 18 (100)
10 (55.6) 8 (44.4) 18 (100)
*and ** were calculated for patients who received skin grafts.

0 (0) 18 (100)
4(222)% | 14(77.7) **

18 (100)
18 (100)
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Case Presentation
Case 2

The patient was a 40-year-old man with deep
second-degree burn wounds on both hands, including
the surface of the hands, wrists, and fingers. The
percentage of TBSA was 10% in the patient; also,
extensive fluid-filled blisters appeared on the surface
of his hands within 48 hrs. after the burn. The patient

received daily ointment containing L. plantarum
supernatant on his right hand and silver sulfadiazine
ointment on his left hand for 7 days. The wound culture
test performed before hospital discharge was negative
for both hands. The wounds on both hands healed on
the tenth day of treatment without needing skin grafting
(Figure 2). The patient continued the treatment until
complete recovery, even after discharge.

Fig. 2. Case 2: Treatment of the right hand with L. plantarum supernatant and the left hand with silver sulfadiazine:

A) after 48 h and B) after 7 days of treatment

Case 17

The patient was a 30-year-old man with deep
second-degree burn wounds on both feet, including the
legs, ankles, and upper part of the feet. The percentage
of TBSA was 18%, with dermis and epidermis
involvement and skin discoloration. The patient
received daily ointment containing L. plantarum
supernatant on his right foot and silver sulfadiazine
ointment on his left foot for 10 days. The patient
received skin grafts on both feet. Before skin grafting,
the cultures of the wound on both feet were negative.
The skin graft on the right foot receiving the probiotic
supernatant was successful (Figure 3).

Discussion

Multiple studies have concluded that probiotics are
safe and could be used to treat and prevent diseases
(26). Currently, one of the most important studies is
related to the development of new and effective
interventions for wound care. Several studies have
been shown to find a new pattern for healing wounds
(5, 27, 28). For example, many centuries ago, before
using antiseptics and antibiotics, fermented milk was
used to heal wounds (29). Over the years, many studies
have found that probiotics could effectively heal
wounds in humans and animals (30-32). Probiotics
improve the immune system with their anti-
inflammatory properties; in addition, the repairing
effect of probiotics on tissues could significantly

Vol.17 No.4 Fall, 2022

Fig. 3. Case 17: Treatment of the right foot with L.
plantarum supernatant: A) after 48 h and B) after 10
days of treatment as well as after skin grafting

reduce wound size and inflammation (33, 34).
Lactobacilli are one the most important probiotics that
effectively control infection and repair burn wounds (5,
18, 19). However, there is insufficient evidence
regarding the benefits of probiotics for burn patients.
Therefore, this study investigated the topical treatment
of second-degree burn wounds with L. plantarum
supernatant. This study was conducted on 18 patients
with burn wounds on their hands or feet. The selected
patients had deep second-degree burn wounds with
%TBSA between 10-20%. L. plantarum suspension
and silver sulfadiazine ointment were used for 7 to 10
days to treat wounds in both treatment and control
groups, respectively. Then the wound healing status
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was evaluated. The patients' wounds in the control and
treatment groups were assessed in terms of the
presence of bacteria. In the current study, 12 (66.7%)
of wounds treated with L. plantarum were free from
bacteria on the fifth day of treatment. Also, 14 (77.8%)
of wounds treated with L. plantarum were free of P.
aeruginosa. Meanwhile, K. pneumoniae strains were
not detected in the L. plantarum -treated group on the
fifth day of treatment. Of course, the results mentioned
in this regard were not significant (Figure 1). Research
has shown that probiotics have a significant inhibitory
effect on MDR pathogens, especially P. aeruginosa, in
an infected wound, which reduces the growth rate of
pathogens on the skin surface, and in this way, the skin
surface is less likely to be infected (7, 28). Similar
studies have shown that the growth of K. pneumoniae
and P. aeruginosa is dramatically reduced in the
presence of cell-free supernatants of lactobacilli (18,
35). Reducing or eliminating bacteria could greatly
help wound healing. In fact, the use of probiotic
products induces the healing process of burn wounds in
a short period of treatment due to their bactericidal
effects. Therefore, these products could be important in
preventing sepsis and subsequent death (5, 36).

According to the present study results, the
resistance to GM was lower in P. aeruginosa strains
isolated from the L. plantarum treated group than those
isolated from the silver sulfadiazine treated group.
Antibiotics are a prominent factor in the expansion of
resistance (37). Antibiotic resistance genes (ARGs)
could potentially be horizontally transferred to bacteria
and contribute to the emergence of antibiotic resistance
in bacteria (38). Probiotic strains do not promote the
release of ARGs from their repertoire (37). In contrast,
antibiotics have no conclusive effect on the number of
ARGs observed. Probiotics have been shown to reduce
the number of ARGs (37). It seems that the use of
probiotics could reduce antibiotic resistance. However,
further studies on the human gut and wound microbiota
must decide on a more definitive expression.

The current study found that the need for skin
grafting was similar in control and treatment groups 10
(55.6%). In this regard, Peral et al. (2009) showed that
the need for skin grafting in patients with third-degree
burns was not different between the two groups
receiving L. plantarum and silver sulfadiazine (7). In
contrast, in another study by El-Ghazely et al. (2016),
the need for grafting was significantly different between
the probiotic-treated and control groups (10% vs. 40%)
(26). Perhaps the percentage and degree of burns, the
microbial load of wounds, and the condition of patients
were influential in this outcome.

Furthermore, in the present study, 4 (22.2%) graft
rejection was observed in the control group but not in the
treatment group (0%). There was a significant difference
in graft rejection between the two groups (P=0.02)
(Table 2).
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Bacterial colonization and infection are the main
causes of delayed wound healing and graft rejection in
burns (7). Probiotics exhibit bactericidal properties by
secreting antibacterial substances (39). The current
study results show that the use of L. plantarum on
wounds could help heal second-degree burn wounds and
reduce graft rejection by neutralizing infections caused
by P. aeruginosa and K. pneumoniae. P. aeruginosa
induces higher levels of prostaglandin E2 (PGE2)
compared with L. plantarum (7). PGE2 modulates the
immune system and inflammation by regulating the
expression or concentration of cytokines. It is an
important mediator of inflammatory and immune
responses during acute and chronic infections (40, 41).

In addition, other studies (28, 30) have shown that
lysates of tested lactic acid bacteria (LAB) stimulate
keratinocyte  proliferation, which accelerates re-
epithelialization by inducing keratinocyte migration. In
fact, probiotics enhance skin repair and healing by reducing
inflammatory responses (42); in addition, graft rejection
and the need for grafting are reduced using probiotics; but
currently, they cannot be eliminated (7, 31).

Lactobacillus strains exhibit significant anti-
inflammatory activity (43). It has also been reported that
the acidic pH produced by L. plantarum cooperates with
the activity of cells involved in tissue repair and immune
responses (7). Of course, acidity could have harmful
effects on tissues, but some compounds produced by
probiotics seem to neutralize these harmful effects (7).
L. plantarum is a microorganism that does not produce
virulence factors. It easily succumbs to the host's
defenses, particularly PMN (polymorphonuclear) (27).
Therefore, Lactobacillus could be used as an important
wound healing agent in the treatment of burn patients.
Of course, more studies with more cases are needed to
be performed in the future to achieve more effective and
better treatment outcomes. The limitation of the current
study is related to the number of patients. It is suggested
that similar studies be conducted with a larger sample
size to increase the generalizability of the results.

Conclusion

In general, according to the results of the current
study regarding the use of bacteria-free supernatant of
L. plantarum and subsequent elimination or reduction
of infection and wound healing, we could hope to
achieve good results with more studies in future
research in this field using topical probiotic products.
If probiotic products are used as an alternative to
antibiotics to reduce infection and heal wounds, it will
result in higher safety, less damage, and more efficacy.

Founding

This work was supported by a grant (No. 12925)
from the Iran University of Medical Sciences.

Conflict of Interest
The authors declared no conflict of interest.

IRANIAN JOURNAL OF PATHOLOGY



466 Topical Treatment of Second-Degree Burn Wounds

References
|

1.

Seswandhana MR, Anzhari S, Dachlan I,
Wirohadidjojo YW, Aryandono T. A case series
of negative pressure wound therapy as a
promising treatment in patients with burn injury.
Int J Surg Case Rep. 2020;69:64-7. [PMID]
[PMCID] [DOI:10.1016/].ijscr.2020.03.034]

Moghadam SS, Mohammad N, Ghooshchian M,
FathiZadeh S, Khodaii Z, Faramarzi M, et al.
Comparison of the effects of Lactobacillus
plantarum versus imipenem on infected burn wound
healing. Med J Islam Repub Iran. 2020; 34:94.

Moghadam SS, Aghmiyuni ZF, Zaheri H,
Arianpour N, Danaeifard MR, Roham M, et al.
Comparative effects of granulocyte-colony
stimulating factor and colistin-alone or in
combination on burn wound healing in
Acinetobacter baumannii infected mice. Iran J
Microbiol. 2018;10(6):371-7.

Wardhana A, Basuki A, Prameswara ADH,
Rizkita DN, Andarie AA, Canintika AF. The
epidemiology of burns in Indonesia's national
referral burn center from 2013 to 2015. Burns
Open. 2017;1(2):67-73.
[DOI:10.1016/j.burnso.2017.08.002]

Huseini HF, Rahimzadeh G, Fazeli MR,
Mehrazma M, Salehi M. Evaluation of wound
healing activities of kefir products. Burns. 2012;
38(5):719-23.
[DOI:10.1016/j.burns.2011.12.005] [PMID]

El Hamzaoui N, Barguigua A, Larouz S,
Maouloua M. Epidemiology of burn wound
bacterial infections at a Meknes hospital,
Morocco. New Microbes New Infect. 2020;38:
100764. [DOI:10.1016/j.nmni.2020.100764]
[PMID] [PMCID]

Peral MC, Martinez MA, Valdez JC.
Bacteriotherapy with Lactobacillus plantarum in
burns. Int Wound J. 2009;6(1):73-81. [PMID]
[DOI:10.1111/.1742-481X.2008.00577.x]
[PMCID]

Bjarnsholt T, Kirketerp-Moller K, Jensen PQ,
Madsen KG, Phipps R, Krogfelt K, et al. Why
chronic wounds will not heal: a novel hypothesis.
Wound  Repair Regen. 2008;16(1):2-10.
[DOI:10.1111/4.1524-475X.2007.00283 x]
[PMID]

Frieri M, Kumar K, Boutin A. Antibiotic
resistance. J Infect Public Health. 2017;10(4):
369-78. [DOI:10.1016/1.jiph.2016.08.007]
[PMID]

Vol.17 No.4 Fall, 2022

10

1.

12.

13.

14.

15.

16.

17.

18.

19.

. Atiyeh BS, Costagliola M, Hayek SN, Dibo SA.
Effect of silver on burn wound infection control
and healing: review of the literature. Burns. 2007;
33(2):139-48. [DOI:10.1016/1.burns.2006.06.010]
[PMID]

Rodrigues M, Kosaric N, Bonham CA, Gurtner
GC. Wound Healing: A Cellular Perspective.
Physiol Rev. 2019;99(1):665-706. [PMID]
[PMCID] [DOI:10.1152/physrev.00067.2017]

Knackstedt R, Knackstedt T, Gatherwright J. The
role of topical probiotics on wound healing: A
review of animal and human studies. Int Wound
J.2020;17(6):1687-94. [DOI:10.1111/iwj.13451]
[PMID] [PMCID]

Ghorani M. Antiviral Effects of Probiotic
Metabolites. Iran J Med Microbiol. 2022;16(2):
83-97. [DOI:10.30699/ijmm.16.2.83]

Yan F, Polk DB. Probiotics and immune health.
Curr Opin Gastroenterol. 2011;27(6):496-501.
[DOI:10.1097/MOG.0b013e32834baa4dd]
[PMID] [PMCID]

Moussavi amin P, Tabatabace Bafroee AS,
Khalili Hadad B. Evaluating the Effect of
Supernatant Collected from the Culture of
Bifidobacterium bifidlum on the Increase of
Angiogenesis in Acute Wound Healing. Iran J of
Med Microbiol. 2021;15(5): 552-68.
[DOI:10.30699/ijmm.15.5.552]

Krishna Rao R, Samak G. Protection and
restitution of gut barrier by probiotics: nutritional
and clinical implications. Curr Nutr Food Sci.
2013;9(2):99-107. [PMID] [PMCID]
[DOI:10.2174/1573401311309020004]

Campana R, van Hemert S, Baffone W. Strain-
specific probiotic properties of lactic acid bacteria
and their interference with human intestinal
pathogens invasion. Gut pathog. 2017;9(1):1-12.
[DOL:10.1186/s13099-017-0162-4] [PMID] [PMCID]

Nagoba BS, Selkar SP, Wadher BJ, Gandhi RC.
Acetic acid treatment of pseudomonal wound
infections--a review. J Infect Public Health. 2013;
6(6):410-5. [DOI:10.1016/].jiph.2013.05.005]
[PMID]

Loo AE, Wong YT, Ho R, Wasser M, Du T, Ng
WT, et al. Effects of hydrogen peroxide on wound
healing in mice in relation to oxidative damage.
PLoS One. 2012;7(11):e49215. [PMID]
[PMCID] [DOI:10.1371/journal.pone.0049215]

IRANIAN JOURNAL OF PATHOLOGY


https://www.ncbi.nlm.nih.gov/pubmed/32283515
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7154946
https://doi.org/10.1016/j.ijscr.2020.03.034
https://doi.org/10.1016/j.burnso.2017.08.002
https://doi.org/10.1016/j.burns.2011.12.005
https://www.ncbi.nlm.nih.gov/pubmed/22237053
https://doi.org/10.1016/j.nmni.2020.100764
https://www.ncbi.nlm.nih.gov/pubmed/33163199
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7600360
https://www.ncbi.nlm.nih.gov/pubmed/19291120
https://doi.org/10.1111/j.1742-481X.2008.00577.x
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7951207
https://doi.org/10.1111/j.1524-475X.2007.00283.x
https://www.ncbi.nlm.nih.gov/pubmed/18211573
https://doi.org/10.1016/j.jiph.2016.08.007
https://www.ncbi.nlm.nih.gov/pubmed/27616769
https://doi.org/10.1016/j.burns.2006.06.010
https://www.ncbi.nlm.nih.gov/pubmed/17137719
https://www.ncbi.nlm.nih.gov/pubmed/30475656
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6442927
https://doi.org/10.1152/physrev.00067.2017
https://doi.org/10.1111/iwj.13451
https://www.ncbi.nlm.nih.gov/pubmed/32869480
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7949352
https://doi.org/10.30699/ijmm.16.2.83
https://doi.org/10.1097/MOG.0b013e32834baa4d
https://www.ncbi.nlm.nih.gov/pubmed/21897224
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4006993
https://doi.org/10.30699/ijmm.15.5.552
https://www.ncbi.nlm.nih.gov/pubmed/24353483
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3864899
https://doi.org/10.2174/1573401311309020004
https://doi.org/10.1186/s13099-017-0162-4
https://www.ncbi.nlm.nih.gov/pubmed/28286570
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5338089
https://doi.org/10.1016/j.jiph.2013.05.005
https://www.ncbi.nlm.nih.gov/pubmed/23999348
https://www.ncbi.nlm.nih.gov/pubmed/23152875
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3496701
https://doi.org/10.1371/journal.pone.0049215

20.

21.

22.

23.

24.

25.

26.

27.

Blaabjerg S, Artzi DM, Aabenhus R. Probiotics
for the Prevention of Antibiotic-Associated
Diarrhea in Outpatients-A Systematic Review
and  Meta-Analysis.  Antibiotics  (Basel).
2017;6(4):21. [DOI:10.3390/antibiotics6040021]
[PMID] [PMCID]

Sadeghi-Bazargani H, Maghsoudi H, Soudmand-
Niri M, Ranjbar F, Mashadi-Abdollahi H. Stress
disorder and PTSD after burn injuries: a
prospective study of predictors of PTSD at Sina
Burn Center, Iran. Neuropsychiatr Dis Treat.
2011;7:425. [DOI:10.2147/NDT.S23041]
[PMID] [PMCID]

Fijan S, Frauwallner A, Langerholc T, Krebs B,
ter Haar née Younes JA, Heschl A, et al. efficacy
of using probiotics with antagonistic activity
against pathogens of wound infections: an
integrative review of literature. BioMed Res Int.
2019;2019. [DOI:10.1155/2019/7585486]
[PMID] [PMCID]

Bujalance C, Moreno E, Jimenez-Valera M, Ruiz-
Bravo A. A probiotic strain of Lactobacillus
plantarum stimulates lymphocyte responses in
immunologically intact and immune-
compromised mice. Int J Food Microbiol. 2007;
113(1):28-34. [PMID]
[DOI:10.1016/j.ijfoodmicro.2006.07.014]

Khodaii Z, Ghaderian SMH, Natanzi MM.
Probiotic bacteria and their supernatants protect
enterocyte cell lines from enteroinvasive
Escherichia coli (EIEC) invasion. Int J] Mol Cell
Med. 2017;6(3):183.

Hindhede A, Meuleneire F. A clinical case-series
evaluation of a superabsorbent dressing on
exuding wounds. J Wound Care. 2012;21(11):
574, 6-80.[DOI1:10.12968/jowc.2012.21.11.574]
[PMID]

El-Ghazely MH, Mahmoud WH, Atia MA, Eldip
EM. Effect of probiotic administration in the
therapy of pediatric thermal burn. Ann Burns Fire
Disasters. 2016;29(4):268-72.

Valdez J, Peral M, Rachid M, Santana M,
Perdigon G. Interference of Lactobacillus
plantarum with Pseudomonas aeruginosa in vitro
and in infected burns: the potential use of
probiotics in wound treatment. Clin Microbio
Infect. 2005;11(6):472-9. [DOI:10.1111/1.1469-
0691.2005.01142.x] [PMID]

Vol.17 No.4 Fall, 2022

28.

29.

30.

31.

32.

33.

34.

35.

36.

Somayeh Soleymanzadeh Moghadam et al. 467

Brandi J, Cheri S, Manfredi M, Di Carlo C, Vita
Vanella V, Federici F, et al. Exploring the wound
healing, anti-inflammatory, anti-pathogenic and
proteomic effects of lactic acid bacteria on
keratinocytes. Sci  Rep. 2020;10(1):11572.

[PMID] [DOI:10.1038/s41598-020-68483-4]
[PMCID]
Nakazawa; Y, Hosono; A, Howells BW.

Functions of Fermented Milk: Challenges for the
Health Sciences. London ; New York Elsevier
Applied Science; 1992.

Barzegari AA, Hashemzaei M, Alihemmati A-R,
Soltani S, Naseri B. Effects of Lactobacillus
rhamnosus (ATCC 7469) ointment on second-
degree burn wound in Wistar rat. J Basic
Research Med Sci. 2018;5(1):1-9.
[DOI:10.29252/jbrms.5.1.1]

Salaran M, Oryan A, Nikahval B, Kamali A,
Ghaemi M, Abbasi-Teshnizi F, et al. Topical
application of Lactobacillus plantarum on burn

wound healing in diabetic rats. Iran J Vet Surg.
2019;14(1):60-72.

Satish L, Gallo PH, Johnson S, Yates CC, Kathju
S. Local Probiotic Therapy with Lactobacillus
plantarum Mitigates Scar Formation in Rabbits
after Burn Injury and Infection. Surg Infect
(Larchmt). 2017;18(2):119-27.
[DOI:10.1089/sur.2016.090] [PMID] [PMCID]

Hassan H, Naher HS. Extracellular products of
Lactobacillus acidophilus as probiotic against
multi-drugs resistant Pseudomonas aeruginosa.
Med J Babylon. 2011;8(3):435-40.

Koyama T, Kirjavainen PV, Fisher C, Anukam K,
Summers K, Hekmat S, et al. Can bacterial
interference prevent infection? Canadian J
Microbiol. 2010;56(9):730. [DOI:10.1139/W10-
061] [PMID]

El-Mokhtar MA, Hassanein KM, Ahmed AS,
Gad GF, Amin MM, Hassanein OF. Antagonistic
Activities of Cell-Free  Supernatants of
Lactobacilli Against Extended-Spectrum beta-
Lactamase Producing Klebsiella pneumoniae and
Pseudomonas aeruginosa. Infect Drug Resist.
2020;13:543-52.  [DOI:10.2147/IDR.S235603]
[PMID] [PMCID]

Argenta A, Satish L, Gallo P, Liu F, Kathju S.
Local Application of Probiotic Bacteria
Prophylaxes against Sepsis and Death Resulting
from Burn Wound Infection. PLoS One. 2016;
11(10):¢0165294. [PMID] [PMCID]
[DOI:10.1371/journal.pone.0165294]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.3390/antibiotics6040021
https://www.ncbi.nlm.nih.gov/pubmed/29023420
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5745464
https://doi.org/10.2147/NDT.S23041
https://www.ncbi.nlm.nih.gov/pubmed/21857783
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3157486
https://doi.org/10.1155/2019/7585486
https://www.ncbi.nlm.nih.gov/pubmed/31915703
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6930797
https://www.ncbi.nlm.nih.gov/pubmed/17027112
https://doi.org/10.1016/j.ijfoodmicro.2006.07.014
https://doi.org/10.12968/jowc.2012.21.11.574
https://www.ncbi.nlm.nih.gov/pubmed/23413497
https://doi.org/10.1111/j.1469-0691.2005.01142.x
https://doi.org/10.1111/j.1469-0691.2005.01142.x
https://www.ncbi.nlm.nih.gov/pubmed/15882197
https://www.ncbi.nlm.nih.gov/pubmed/32665600
https://doi.org/10.1038/s41598-020-68483-4
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7360600
https://doi.org/10.29252/jbrms.5.1.1
https://doi.org/10.1089/sur.2016.090
https://www.ncbi.nlm.nih.gov/pubmed/27788042
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5374869
https://doi.org/10.1139/W10-061
https://doi.org/10.1139/W10-061
https://www.ncbi.nlm.nih.gov/pubmed/20921983
https://doi.org/10.2147/IDR.S235603
https://www.ncbi.nlm.nih.gov/pubmed/32110064
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7034963
https://www.ncbi.nlm.nih.gov/pubmed/27780258
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5079594
https://doi.org/10.1371/journal.pone.0165294

468 Topical Treatment of Second-Degree Burn Wounds

37

38.

39.

. Montassier E, Valdes-Mas R, Batard E, Zmora N,
Dori-Bachash M, Suez J, et al. Probiotics impact
the antibiotic resistance gene reservoir along the
human GI tract in a person-specific and
antibiotic-dependent manner. Nat Microbiol.
2021;6(8):1043-54. [DOI:10.1038/s41564-021-
00920-0] [PMID] [PMCID]

Gasparrini AJ, Wang B, Sun X, Kennedy EA,
Hernandez-Leyva A, Ndao IM, et al. Persistent
metagenomic signatures of early-life
hospitalization and antibiotic treatment in the
infant gut microbiota and resistome. Nat
Microbiol. 2019;4(12):2285-97. [PMID]
[PMCID] [DOI:10.1038/s41564-019-0550-2]

da Silva Sabo S, Vitolo M, Gonzalez JMD, de
Souza Oliveira RP. Overview of Lactobacillus
plantarum as a promising bacteriocin producer
among lactic acid bacteria. Food Res Int. 2014;
64:527-36. [DOI:10.1016/j.foodres.2014.07.041]
[PMID]

How to Cite This Article

Soleymanzadeh Moghadam S, Momeni M, Mazar Atabaki S, Mousavi Shabestari T, Boustanshenas M, Afshar M, et al. Topical
Treatment of Second-Degree Burn Wounds with Lactobacillus plantarum Supernatant: Phase I Trial. Iran J Pathol. 2022; 17(4):

460-68. doi: 10.30699/1jp.2022.551202.2863

40.

41.

42.

43.

Famitafreshi H, Karimian M. Prostaglandins as
the agents that modulate the course of brain
disorders. Degener Neurol Neuromuscul Dis.
2020;10:1. [DOI:10.2147/DNND.S240800]
[PMID] [PMCID]

Agard M, Asakrah S, Morici LA. PGE(2)
suppression of innate immunity during mucosal
bacterial infection. Front Cell Infect Microbiol.
2013;3:45. [DOI:10.3389/fcimb.2013.00045]
[PMID] [PMCID]

Kober MM, Bowe WP. The effect of probiotics
on immune regulation, acne, and photoaging. Int
J Womens Dermatol. 2015;1(2):85-9. [PMID]
[PMCID] [DOI:10.1016/].ijwd.2015.02.001]

de Vos WM. Lipotechoic acid in lactobacilli: D-
alanine makes the difference. Proc Natl Acad Sci
U S A.2005;102(31):10763-4. [PMID] [PMCID]
[DOI:10.1073/pnas.0504966102]

Vol.17 No.4 Fall, 2022

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1038/s41564-021-00920-0
https://doi.org/10.1038/s41564-021-00920-0
https://www.ncbi.nlm.nih.gov/pubmed/34226711
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8318886
https://www.ncbi.nlm.nih.gov/pubmed/31501537
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6879825
https://doi.org/10.1038/s41564-019-0550-2
https://doi.org/10.1016/j.foodres.2014.07.041
https://www.ncbi.nlm.nih.gov/pubmed/30011684
https://doi.org/10.2147/DNND.S240800
https://www.ncbi.nlm.nih.gov/pubmed/32021549
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6970614
https://doi.org/10.3389/fcimb.2013.00045
https://www.ncbi.nlm.nih.gov/pubmed/23971009
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3748320
https://www.ncbi.nlm.nih.gov/pubmed/28491964
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5418745
https://doi.org/10.1016/j.ijwd.2015.02.001
https://www.ncbi.nlm.nih.gov/pubmed/16046536
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1182463
https://doi.org/10.1073/pnas.0504966102

	Topical Treatment of Second-Degree Burn Wounds with Lactobacillus plantarum Supernatant: Phase I Trial
	1. Antimicrobial Resistance Research Center, Institute of Immunology and Infectious Diseases, Iran University of Medical Sciences,  Tehran, Iran
	2. Burn Research Center, Iran University of Medical Sciences, Tehran, Iran
	3. Department of Biomedicine, Aarhus University, Aarhus, Denmark
	Introduction

	Background & Objective: A burn wound is sterile immediately after injury, but opportunistic bacteria colonize the wound within 48 to 72 hours after the burn, causing delayed or failed burn wound healing. In addition, the presence of multidrug-resistant (MDR) pathogens doubles the treatment problems. Lactobacillus plantarum (L. plantarum) is a well-known antibacterial and healing agent that could be used topically to treat burn wounds.  
	Case Series Presentation: This clinical trial study (Case Series) was performed on 20 patients with deep second-degree burns. Patients had bilateral wounds; the wound on one side of the body was considered as control (treated with silver sulfadiazine) and the other side of the body as treatment (treated with bacteria-free supernatants (BFS) of L. plantarum). The wounds were evaluated by microbial assessments and assessments related to healing. Pseudomonas aeruginosa, Klebsiella pneumonia, and Staphylococcus aureus were isolated from 4 (22.2%), 0%, and 2 (11.1%) of wounds treated with L. plantarum on the fifth day of the treatment, respectively. Furthermore, 12 (66.7%) of wounds treated with L. plantarum were free from bacteria. The need for skin grafting was the same in both treatment and control groups, but graft rejection in the group treated with L. plantarum was (0%) (P=0.02).
	Conclusion: Regarding eliminating or reducing infection and wound healing, bacteria-free supernatants of L. plantarum can be considered a possible topical treatment option in the case of second-degree burn wounds. 
	Results
	Discussion
	Conclusion
	Founding
	Conflict of Interest
	References


