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ARTICLE INFO ABSTRACT

Keywords: Introduction: Burn injuries are frequently encountered in emergency cases and often become the port of entry for
Hyperbaric oxygen therapy pathogens. More than 450,000 burn injuries occur annually causing nearly 3,400 deaths in the United States. The
Infection

prevalence of burn injury in Indonesia is 0.7% in 2013. More than half of these According to several studies on
the use of patients were treated for bacterial infections, some of which were resistant to certain antibiotics. Using
hyperbaric oxygen therapy (HBOT) to treat burns has several positive effects including managing bacterial in-
fections, as well as accelerating the wound healing process. Therefore, this study aims to prove the effectiveness
of HBOT in inhibiting bacterial growth.

Methods: This is an experimental research study in rabbits using a post-test control group design. 38 rabbits were
given second-degree burns on the shoulder region with a metal iron plate that has been previously heated for 3
min. Bacterial cultures were taken on days 5 and 10 after exposure to the burns. The samples were divided into
two groups, HBOT and control. Statistical analyses were performed using the Mann-Whitney U method.
Results: Gram-negative bacteria were the most frequently found pathogen in both groups. Citrobacter freundi was
the most common Gram-negative bacteria (34%) found in the culture results of both groups.

In contrast to the control group, there was no bacterial growth found in the HBOT group’s culture results, (0%) vs
(58%). A significant reduction of bacterial growth was observed in the HBOT group (69%) compared with the
control group (5%). Bacterial levels stagnated in 6 rabbits (31%) in the HBOT group and 7 rabbits (37%) in the
control group. Overall, there was significantly less bacterial growth in the HBOT treatment group compared with
the control group (p < 0.001).

Conclusion: HBOT administration can significantly reduce bacterial growth in burn injuries.
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Fig. 1. Distribution of Gram-negative and -positive counts in both treatments.

1. Introduction

Burn injuries are frequently encountered in many emergency cases
[1]. In the United States, more than 450,000 burn injuries occur annu-
ally with nearly 3,400 deaths [2]. In a developing country such as
Indonesia, the prevalence of burn injury is 0.7% [3]. In Poland, cases of
burn injuries in March 2020 were three times higher than in February
2020. From 2016 to 2019 hospitalization rates caused by burn had never
exceeded 5% of incoming patients, but in 2020 the rate increased to
15.28% cases [4].

A study in South Africa showed that more than half (52.5%) of burn
patients were treated for infections. These infections derive from Gram-
negative bacteria such as A. baumanni, P. aeruginosa, and K. pneumoniae,
which are resistant to certain types of antibiotics [5]. Two surveillance
studies in North America found that 73% and 88% cases were resistant
to Oxacillin, 55% and 66% resistant to levofloxacin, and 70%-73%
resistant to erythromycin. Similar results were also obtained in a study
conducted in the United Kingdom [6]. Some studies reveal that the
release of reactive oxygen species (ROS) is induced by HBOT and equally
being destructive to pathogen DNA and other biology molecules [7].

According to several studies on the use of hyperbaric oxygen therapy
(HBOT) for burn injuries, it has many benefits ranging from treating
bacterial infection to accelerating the wound healing process. Therefore,
this study aims to establish the effectiveness of HBOT in inhibiting
bacterial cell growth.

2. Materials and methods
2.1. Sample examination

This was an experimental research study using rabbits with a post-
test control group design comprised of a control group and an experi-
mental group. This study was approved by the Ethics Commission of
Kandou Hospital Manado (No.: 067/EC-UPKT/111/2016). The work was
carried out in line with the ARRIVE Guidelines for Reporting Animal
Research [8].

2.2. Population and sample

Total thirty-eight rabbits (Federer formula) were quarantined in in-
dividual cages at the research laboratory of the Faculty of Medicine, Sam
Ratulangi University, Manado. These experimental animals were fed
with carrots, kale, sweet potatoes, cucumbers, and sweet corns without
additional feeding for approximately 1 week for the adaptation period.
Feeding took place daily, with adequate water provided to drink. The
cage was of standard size, cleaned regularly, and kept at 24 + 2 °C.

2.3. Second-degree burn model

The second-degree burn model was prepared as described by Guo
et al. [9] with modifications. The rabbits were shaved on their shoulder,
then diazepam at 1 mg/kg body weight (BW) was administered intra-
muscularly as premedication for the rabbits. Intramuscular ketamine
hydrochloride 40 mg of BW/day was injected as an anesthetic.

The affected area was disinfected with povidone-iodine 1%. After
that, a 2 x 1 cm second-degree burn was generated using a metal iron
plate that had been previously heated in hot water at 100 °C for 3 min on
the shoulder of each rabbit for 6 s. This method obtained deep dermal
burns, which were confirmed by the results of the histopathological
examination [10]. Immediately after the procedure, analgesia with
paracetamol 200 mg/kg and amoxicillin 50 mg/kg antibiotics were
given orally.

2.4. Bacterial cultures

Samples were taken on days 5 and 10 after the burn using a swabbing
procedure on the wounded area by rubbing the cotton bud in a circular
motion so that the entire surface of the cotton bud is in contact with the
wound surface. The bacterial culture was carried out on a Petri dish
filled with layers of agar with blood agar plates (BAPs) as the culture
media since these are generally suitable for both Gram-positive and
-negative bacterial cultures [11]. The resulting colonies were isolated
using tweezers for Gram-positive and -negative coloring. In addition to
the difference in color (Gram-negative colored pink and Gram-positive
purple), we can also evaluate or name the bacteria based on the shape
seen under the microscope. To determine the bacterial species (more
specific), we used the agglutination examination method or PCR
through gene analysis of 16SrTRNA, without the Gram-coloring method
anymore.

The samples were then divided into two groups, HBOT and control.
The treatment group received HBOT (directly after the swab) for 6
consecutive days. In both groups, bacterial cultures were obtained by
wound swab and examined on the 10th day. Finally, data were analyzed
using SPSS.

2.5. Statistical analysis

The sample size was determined using the Kirk formula [12]. The
data were subjected to statistical analysis using SPSS version 25 (IBM
Corp.). From the collected data, the type and numbers of bacteria were
compared between the two groups using the following tests: the differ-
ence was tested using non-parametrical Mann-Whitney test and
Kolmogorov-Smirnov test was used to indicate the normality of the data.
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Fig. 3. Comparison of the bacterial development from day 5 to day 10 in the
HBOT and control groups.

3. Results

38 rabbits were equally distributed between both the treatment and
control groups. No rabbits were excluded or dropped out because all
rabbits managed to survive until the 10th day and did not suffer from
other injuries.

After 10 days, Gram-negative bacteria outnumbered their Gram-
positive counterparts in both groups (Fig. 1).

Citrobacter freundi (34%), Citrobacter difersus (32%), Proteus vul-
garis (13%), Citrobacter mirabilis (10,5%), and Gram-positive bacteria -
Staphylococcus aureus (10.5%). No significant differences in the types of
bacteria were found between the two groups (Fig. 2).

The results from days 5-10 indicate that the increasing level of
bacteria in HBOT was lower than the control group, otherwise, the
decreasing levels of bacteria in HBOT groups are higher than the control
group (Fig. 3).

Normality data testing of the number of bacteria found on days 5 and
10 were analyzed using the Kolmogorov-Smirnov test. The test result
shows that the number of bacteria in both treatments did not spread
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Fig. 4. Descriptive statistical value for the number of bacteria on days 5
and 10.

Table 1
Mann-Whitney U test results on day 10.

Treatment Average Mann-Whitney U Test
HBOT 11.57 P < 0.001
Control 27.47

normally (p < 0.05). Due to the abnormality of data dissemination, the
Mann-Whitney-U test was used as a further testing method. There was
no meaningful difference in the bacterial count between both groups on
day 5 (p = 0.408) (Fig. 4). However, on day 10, the bacterial counts in
the HBOT group plummeted, leaving a statistically significant difference
between the two groups (p < 0.001) (Table 1).

4. Discussion

The main objectives of burn management are to reduce the occur-
rence of edema, maintain the viability of tissues in the static zone,
protect microvascular circulation and aid the immune system [13,14].
When burns heal, wound regeneration cannot occur without a balance
between its management, the patient, the severity and location of the
wound itself. Without such a balance, extensive scarring could be one of
the consequences [15].

This study showed that aerobic bacteria are the most common type
found on burn wounds. For example, citrobacter are pathogenic bacteria
that can cause intraabdominal and respiratory tract infections [16].
Similarly, proteus and staphylococcus infect the digestive and respiratory
tract. Staphylococcus are Gram-positive bacteria and have become one of
the common causes of purulent skin and soft tissues infections [17,18].

Excessive amounts of infecting bacteria could be indicative of cases
of antibiotics resistance [19]. Infections that occur in severe burns are
characterized by persistent hypermetabolic responses such as catabo-
lism occurring throughout the body, degradation of muscles and pro-
teins, growth delays, insulin resistance, and multiorgan dysfunction
[20]. A study on the relationship between HBOT and burns confirmed
the positive interactions between HBOT, the mechanism, and the heal-
ing of burn injury [21].

HBOT enables increasing the partial pressure of oxygen of the
inhalation to 100% oxygen in a pressurized chamber [22,23]. The ox-
ygen then dissolves in the blood serum under Henry’s law, where the
amount of the ideal gas dissolved in a solution becomes proportional to
its partial pressure. During treatment, arterial oxygen tension reaches
2000 mmHg, and oxygen levels increase from 200 to 400 mmHg in
tissues [24,25]. During tissue repair and wound healing, the demand for
oxygen increases to prevent hypoxia-induced tissue death [26,27].



M.H. Oley et al.

{ [Tt}

i

,,,,,, b33ssd  3gs98881881
S Ssss s sssssss

g; (%

Annals of Medicine and Surgery 74 (2022) 103314

olism

S —N lCoHagen
[y Myofibroblast )

Collagen synthesis

Fig. 5. Suggested pathway: HBOT’s bactericidal role in burn injuries and its relationship with ROS [29-33].

Chronic hypoxia that occurs in wounds is associated with delayed or
absent wound healing. This suggests that the increased oxygen supply in
hypoxic tissues provides many advantages, particularly in wound heal-
ing [28].

In a study by Memar et al., the patients with burn injuries who were
treated with HBOT had lower fluid requirements compared with con-
trols [29]. Administration of HBOT increases oxygenation of, which
affects the increase in aerobic metabolism thus stimulating ROS acti-
vation (Fig. 5) [29]. ROS activation triggers the process of myofibroblast
formation, which affects the synthesis of collagen central to the repair of
injured tissues [30]. In addition, myofibroblast ROS will also stimulate a
pro-inflammatory response in tissue repair. Of note, injuries due to
burns in addition to stimulating the pro-inflammatory response, also
provide a hypoxia effect on the network so that the activation of the ROS
signal will be strongly supported by the activation of ROS caused by the
administration of HBOT [31]. Among HBOT, the most crucial work is
the bactericidal effect on the bacteria directly. ROS penetrate through
the cell walls of the bacteria and cause damage to the bacterial DNA,
thus limiting the multiplication of the bacteria itself [29,32,33].

Regarding the present study, the number of aerobic bacteria
decreased after the administration of HBOT. HBOT increases oxygen
perfusion to the wound area, in addition to its bactericidal function.
Moreover, HBOT also enhances the function of PMN cells since oxygen is
necessary for phagocytosis and bacterial destruction. Another possible
mechanism underlying HBOT’s efficacy is antimicrobial by triggering
the formation of ROS. ROS are reactive radicals that includes, super-
oxidation anions (O2-), peroxides (02-2), hydrogen peroxide (H202),
hydroxyl radicals (OH’), and hydroxyl ions (OH-) [30].

The present study highlights that HBOT can influence the extent of a
bacterial infection based on reduced bacterial counts after receiving
HBOT. Therefore, HBOT represents one of the factors that plays a role in
reducing infection after burns injury because if the wound contains more
bacteria, the risk of infection is greater.

5. Conclusions

HBOT can contribute to reducing infection in burns because when
the wound is contaminated with a large number of bacteria, the risk of
infection is greater.
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