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Introduction

A burn injury is a damage to the skin or other organic tissues (e.g., mucosa) commonly caused
by heat. However, it can also be due to friction, electricity, radiation, radioactivity, and contact
with certain chemicals. The most common causes of burns in the United States are: fire or flame
(44%), scalding (33%), hot objects (9%), electricity (4%), and chemicals (3%) (American Burn
Association, 2016). Scalding is caused by hot liquid or gas, most commonly a hot drink, hot
cooking oil, or steam (Gardiner et al., 2009). Scald injuries are most common in children under
the age of five (Tintinalli, 2009), and they account for two-thirds of all burn injuries in the
United States and Australia (Wolf et al., 2018). Touching hot objects causes 20-30% of burns
in children (Wolf et al., 2018). Scalding usually causes superficial and partial-thickness burn
injury, but — especially in the case of prolonged contact — it can also cause full-thickness burns
(Maguire et al., 2008). In many countries, fireworks are a common cause of burns during
holidays (Peden et al., 2008). This risk factor is particularly common among adolescent boys
(Peden et al., 2008). Electrical burns are divided into high voltage (1,000 Volts<) and low
voltage (<1,000 Volts) injuries (Tintinalli, 2009). In children, electrical burns are most often
caused by electrical cords (60%) and electrical outlets (14%) (Wolf et al., 2018). Lightning can
also cause electrical burns (Edlich et al., 2005). Chemicals are responsible for 2-11% of burn
injuries and nearly 30% of burn-related deaths (Hardwicke et al., 2012). Chemical burns can be
caused by more than 25,000 different compounds (Tintinalli, 2009). Most of these are strong
bases (55%) or strong acids (26%) (Hardwicke et al., 2012). The most common chemicals
include sulfuric acid, sodium hypochlorite and halogenated hydrocarbons (Tintinalli, 2009).
Hydrogen fluoride causes particularly deep burns (Makarovsky et al., 2008). Most deaths from
chemical burns result from ingestion (Tintinalli, 2009). The majority of burns occur at home
(69%) or at work (9%), most of them are accidents, 2% are physical injuries committed by
others, and 1-2% are the result of suicide attempts (Peck, 2011). It is also important to highlight
other non-accidental burns, because 3-10% of those hospitalized for scald or fire burns are
victims of abuse. It typically has a sharply defined upper border, and is often symmetrical
(Maguire et al., 2008). Other signs strongly suggestive of abuse include a circular burn, absence
of spatter marks, burns of uniform depth, and other associated signs of neglect or abuse
(Herndon, 2012). In Pakistan, acid burns account for 13% of all intentional burns and are often
associated with domestic violence (Blanchard et al., 2016). Smoking is considered a risk factor,

but alcohol consumption is not. Burns caused by fire are usually more common in colder



climates (Peck, 2011). Risk factors specific to developing countries include cooking over open

fires or cooking on the ground (Herndon, 2012).

Many different elements, including the depth and extent of the burn, the contact time, and the
injury’s mechanism, influence the burn’s severity. Moreover, they are affected by the age and
general condition of the injured person, as well as by regional and socioeconomic factors. It can
be clearly stated that in countries that are socially and economically more developed, both the
extent and time of recovery are much more favorable (American Burn Association, 2016;
Brusselaers et al., 2010; Peck, 2021).

Recent epidemiological data about the disease demonstrate the topic’s importance and
relevance. In recent days, 6 million patients per year have sought medical care for burns
worldwide. Burn injuries are also quite common in developed countries. For example, in the
United Kingdom (total population >60 million), approximately 250,000 people suffer from
burns each year, and 300 of those die because of the injury, which constitutes a severe burden
on the healthcare system and economy (American Burn Association, 2016; Peck, 2021). Nearly
half a million patients receive medical treatment in the United States (with a population of ~314
million). Unfortunately, over 5,000 of those die from burns among the 1.25 million who suffer
from burns every year (American Burn Association, 2016; Peck, 2021). According to a
systematic review, the mortality rate of burns ranges from 1.4% to 18% in Europe (Brusselaers
et al., 2010). In Hungary, per 100,000 inhabitants, 1-1.5 fatal burns, 11-13 requiring hospital
treatment, and 40-50 requiring outpatient treatment occur annually, which can be considered to
be low by world standards. As in other developed countries, the two most affected populations

are children under 5 years of age and adults over 65 years of age (Beers, 2004; Csorba, 2005).

About 90% of burns occur in developing countries (Peck, 2011). This is partly due to
overpopulation and partly to unsafe cooking methods (Peck, 2011). Almost 60% of fatal burns
occur in Southeast Asia, with a rate of ~12:100,000 (Herndon, 2012). In the developed world,
adult men die twice as often as women from burns. This is probably because men are more
often involved in dangerous and high-risk occupations. However, in many developing countries
women are at greater risk of burns than men, often from kitchen accidents or domestic violence.
The number of burn deaths among children in developing countries is more than ten times
higher than in developed countries (Peck, 2011). Overall, burns are among the fifteen most
common causes of death among children (Herndon, 2012).



In clinical practice, burn injuries are often classified based on the size of the affected skin area,
which is usually assessed as the percentage of total body surface area (TBSA). Moreover, it can
be characterized based on the depth of the wound, which can be superficial, partial-thickness,

or full-thickness burns.

Among the latter classification, superficial burns typically do not require hospital admission
and special medical treatment, whereas surgical intervention is always needed for the most
severe, full-thickness burns. However, in the case of partial-thickness (earlier called second-

degree or 1) burns, the subgroups and their therapeutic options are more complex.

Superficial partial-thickness (earlier: 11/A or 11/1) burns affect the epithelium and penetrate the
papillary layer of the skin. They are characterized by moist and red surfaces, fluid-filled blisters,
and severe pain upon touching. Deep partial-thickness burns (11/B or 11/2) affect the deeper
reticular layer of the skin. In such injuries, the skin is usually dry, white or dull red in colour,
blisters may also be present, and it is relatively less painful (Jozsa et al., 2017; Markiewicz-
Gospodarek et al., 2022; Rowan et al., 2015; Wasiak et al., 2013). Deep partial-thickness burns
may require skin grafting and surgery, while the superficial forms usually do not need surgical

intervention (Epeneu and Alina, 2015).

Among the conservative therapies of the latter form, several topical treatment options are
available, including silver-sulfadiazine cream, silver foam dressing, and zinc-hyaluronan-
containing gel (Csenkey et al., 2022; Jozsa et al., 2018). Currently, however, there is no gold
standard topical treatment for partial-thickness burns. The selection of the actual treatment
primarily results from individual experience and institutional habits. Not surprisingly, most of
the available treatment options were shown to have certain benefits for burn wound healing.
However, a direct comparison of the effects of several dressings at different time points of
wound healing has not been performed, partly because of the lack of a reliable and easily
reproducible model that could be used for such comparison. The absence of such a preclinical

model may hinder the evidence-based selection of the most appropriate treatment.

Besides the beneficial effects on wound healing, when choosing the topical treatment, the need
for anaesthesia during dressing changes should also be taken into account. Repeated anaesthesia
(e.g., during regular dressing changes of a burn treatment), especially in childhood, can be
associated with the impairment of cognitive functions. For example, neonates and infants (less
than six months of age) who were anesthetized multiple times developed impaired cognitive
functions compared to their peers anesthetized two times or less (Oba et al., 2019). Other
psychological factors can make recovery difficult, such as trauma and changing the appearance
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of the body, which can lead to a distorted self-image and psychological problems. This also
shows that post-burn rehabilitation is very complex, involves many specialized fields, and it is
a big challenge.

Based on literatutre, there are no definitive recommendations for prophylactic systemic
antibiotics in patients with paediatric burns. Systemic antibiotics are recommended to be
reserved for cases where there is clear evidence of infection. However, in 1995 around 60% of
UK burn centres had no formal antibiotic use policy and no consensus on antibiotic prophylaxis
(Papini et al., 1995). Inappropriate use of antibiotics in burns can increase the chance of
complications and lead to antibiotic resistance, thereby increasing healthcare costs for both

patients and the community (Thorpe et al., 2018).

Aims

In our work, we used a multiple translational research approach to study the pathomechanisms

as well as the clinical relevance of burn injury treatments.

1. We aimed to discover a novel preclinical model for the study of treatment options in
partial thickness superficial burn injuries. We compared the effects of four conventional
topical treatment methods on superficial partial-thickness burns at three different time

points of the wound healing.

2. We studied the efficacy of Aquacel Ag foam and Curiosa gel combination in the
treatment of superficial partial-thickness pediatric burns.

3. We investigated the necessity of prophylactic antibiotic treatment in case of superficial

partial-thickness burn injury with a meta-analysis.



Materials and methods

1. Preclinical experiment

1.1 Animals

In the basic research experiments, we used 90 adult male Wistar rats. The rats were housed in
standard plastic cages kept in a room with ambient temperature maintained at ~22°C and
humidity at ~35%. The room was on a 12 h light-dark cycle (lights on at 5:00 a.m.). Standard
rodent chow and tap water were available ad libitum. At the time of the experiments, the rats
weighed 298-466 g. All procedures were conducted under protocols approved by the
Institutional Animal Use and Care Committee of the University of Pécs (registration no.:
BA02/2000-15/2018, approved on 18 April 2018) and were in accordance with the directives
of the National Ethical Council for Animal Research and those of the European Communities
Council (86/609/EEC).

1.2 Induction of superficial partial-thickness burn injury

Rats were anaesthetised with the intraperitoneal administration of a ketamine-xylazine cocktail
[78 mg/kg (Gedeon Richter Plc.) and 13 mg/kg (Eurovet Animal Health BV), respectively].

Their nape was shaved in a 3x3 cm area; then, the rat was placed on a surgery board.

We used a soldering device (model Industa HF-5100; Stannol Inc.) to induce a burn injury in
the centre of the clipped skin area. The standard handpiece of the device was 46 g, and it had a
wedge-shaped iron tip with a 4 x 4 mm flat surface on each side (model M-4,2-HF; Stannol
Inc.). In previous studies, contact burn wounds were created by heating up the device’s tip to
60-200°C and keeping it in direct contact with the skin for 2-60 seconds in different
experimental models (for details, see Csenkey et al., 2022). Based on these data, in our
experiments, we chose to use 130°C heat and 30 seconds of contact time between the
handpiece’s tip and the rat’s skin. The entire (4 x 4 mm) flat side of the tip of the handpiece
was steadily held in direct contact with the skin without applying extra pushing or pulling force

to minimize the variability of the impact.


https://www.sciencedirect.com/topics/medicine-and-dentistry/intraperitoneal-drug-administration
https://www.sciencedirect.com/topics/medicine-and-dentistry/nape

1.3 Treatment groups

We designed four treatment groups: silver-sulfadiazine cream (Dermazin; LEK
Pharmaceuticals, Ljubljana, Slovenia); silver foam dressing (Aquacel Ag; ConvaTec Ltd.,
Deeside, UK); zinc-hyaluronan gel (Curiosa; Gedeon Richter Plc., Budapest, Hungary); and the
combination of zinc-hyaluronan gel with a silver foam dressing. In addition, in each group, the
burn was covered with a cohesive conforming bandage (Peha-haft; Paul Hartmann AG,
Heidenheim, Germany) and a perforated plastic sheet. The latter was needed to prevent the

animal from scratching the wound and removing the bandage.

1.4 Tissue samples and histology study

The skin tissue samples were collected 5, 10, and 22 days after the induction of the burn injury.
For that, the rat was anesthetized the same way as for the burn induction (see above). After
removal of the bandage, the entire wound was excised in the centre of a 2 cm x 2 c¢m tissue
sample. The excised tissue samples contained all layers of the skin and part of the underlying
muscular layer. After the sample collection, the rat was euthanised with sodium thiopental [400

mg/kg intraperitoneally (Tiobarbital; B. Braun Medical SA, Barcelona, Spain)].

For histology, the collected tissue samples were placed in a 10% formalin solution. Two days
later, the biopsy was submitted for histopathological examination. The tissue samples were
dehydrated in a graded series of ethanol solutions, embedded in paraffin, and cut into
approximately 3-um sections. The hematoxylin and eosin staining was performed according to
the routine procedure by a Leica ST 4040 linear automatic stainer (Leica Microsystems GmbH,
Wetzlar, Germany). Histological changes were evaluated under a light microscope (DM500;
Leica Microsystems GmbH, Wetzlar, Germany) by a pathologist who was blinded to the

treatment of the rat.

Complex histological evaluations included the assessment of the degree of re-epithelialisation
and final wound contraction. On day 5, the ratio of the unhealed burned surface was calculated
as the percentage of the not epithelialised distance compared to the total length of the wound.

On day 10, the re-epithelialisation of the wound was evaluated by a 3-score system (0: no re-
epithelialisation; 1: partial re-epithelialisation; and 2: complete re-epithelialisation that is

multiple epithelial layers over the entire length of the wound).


https://www.sciencedirect.com/topics/medicine-and-dentistry/thiopental
https://www.sciencedirect.com/topics/medicine-and-dentistry/formaldehyde
https://www.sciencedirect.com/topics/medicine-and-dentistry/haematoxylin
https://www.sciencedirect.com/topics/medicine-and-dentistry/eosin
https://www.sciencedirect.com/topics/medicine-and-dentistry/wound-contraction

Finally, on day 22, the scar thickness was measured as the distance between the basal epidermal

cells and the lowest cell layer of the dermis.

1.5 Statistical analysis

Data on unhealed wound percentage, scores of re-epithelialisation, and scar thickness were
compared by one-way ANOVA, followed by Fisher’s LSD post hoc test. For statistical
analyses, the Sigmaplot 11.0 (Systat Software, San Jose, CA, USA) software was used. The

significance level was set at p < 0.05. All data are reported as mean + SEM.

2. Investigations in human patients

Between 1 January 2014 and 31 January 2017, a prospective clinical study was performed at
the Surgical Division, Department of Paediatrics, Medical School, University of Pécs, Hungary.
Thirty-seven children with superficial and mixed-type of second-degree hand burns were
included in the study in whom the burning injury was treated with Zn-hyaluronic gel combined
with Aquacel Ag foam. In nearly 90% of the cases, burn depth was superficial second degree.
Aquacel Ag foam dressing with Zn-hyaluronic gel was applied primarily after wound cleaning
and blister removal, which included the removal of the vesicles and blisters (i.e., bullectomy)
but not the burned epidermis. In cases when the burn depth was not accurately assessable (11/1
or 11/2) by the primary surgeon, silver nitrate solution was used for 24 hours. On the following
day, the burn depth was reassessed by a burn specialist (consultant). At primary treatment,
wound cleaning and blister removal were carried out under sedation or general anaesthesia.
When the burn was superficial (1I/A), the above-described conservative therapy (Aquacel Ag
foam dressing with Zn-hyaluronic gel) was applied. When the burn depth was 11/B degree (or
deeper), the patients were excluded from the study. In patients treated with the combination of
a silver foam dressing with Zn-hyaluronic gel, the dressing was checked on the second day and
removed on the sixth or the seventh day. The clinical application of the dressing combination
has been accepted and permitted in 2010 by our Hungarian Paediatric Surgery Committee

medical board.


https://www.sciencedirect.com/topics/medicine-and-dentistry/basal-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/basal-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/dermis
https://www.sciencedirect.com/topics/medicine-and-dentistry/post-hoc-analysis

3. Meta-analysis

3.1 Search strategy

Our study followed the guidelines of the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocols. The question of our analysis was formulated with the Participants,
Intervention, Comparison, Outcome (PICO) model: in children with burn injuries, we aimed to
assess the effect of systemic antibiotic prophylaxis on infectious complications. Our meta-
analysis was registered with PROSPERO (registration number: CRD42018102498).

We searched the Cochrane Library, EMBASE, and PubMed databases for eligible papers from
inception to August 2019 with the following search key: “(antibiotic* OR antimicrobial*) AND
(prophylaxis OR prophylactic) AND (burn* OR scald OR flame) AND (paediatric* OR
child*)”. We filtered the hits for human studies. As a specific example for the search, in the
EMBASE database, which identified the highest number of articles, the term “(antibiotic* OR
antimicrobial*) AND (prophylaxis OR prophylactic) AND (burn* OR scald OR flame) AND
(paediatric* OR child*)” was entered and retrieved 230 records, which decreased to 213 studies

after the “humans” filter was selected.

3.2 Study selection and data extraction

After screening the titles and abstracts of the identified articles, the full texts of potentially
eligible papers were obtained. We included studies which compared event rates of systemic and
local complications of burns between children receiving and not receiving systemic antibiotic
prophylaxis. Antibiotic prophylaxis was defined as systemic antibacterial drug administration
to patients without confirmed infection and systemic inflammatory signs. Wound infection was
considered as a local complication, while systemic complications included sepsis and suspected
toxic shock syndrome. From the included studies, we extracted the country of origin, patient
population characteristics (sample size, age, TBSA), and complication events in the different
treatment groups (i.e., with or without systemic antibiotic prophylaxis) of children with burn
injuries. The quality of the studies included in the meta-analysis was evaluated with the
Cochrane Risk of Bias Tool for Randomized Controlled studies and by the Newcastle-Ottawa

Scale, as appropriate.



3.3 Statistical analysis

The statistical analysis was performed according to the standard methods of meta-analysis.
Patients were grouped as either treated with systemic antibiotic prophylaxis or not. Pooled odds
ratio (OR) with 95% confidence intervals (Cl) for infectious complications in paediatric patients
with burn injuries were calculated for the dichotomous outcomes. In all forest plots, we applied
the random-effect model with DerSimonian-Laird estimation. The OR was calculated by
dividing the ratio of events to no events in the antibiotic-treated group with the same ratio in
the group without systemic antibiotic prophylaxis. Statistical heterogeneity was determined by
the 12 statistical test (p < 0.1 indicating significant heterogeneity), while publication bias was
assessed by the visual inspection of funnel plots, as described elsewhere (Olah et al., 2018;
Rumbus et al., 2017). Heterogeneity in clinical outcomes was explored by creating different
subgroups (age, income, TBSA, type of complication). Sensitivity analysis (i.e., iteratively
removing one study from the analyses and recalculating the OR to investigate the impact of
each individual study on the summary estimate) showed no difference in the final pooled
results. The analyses were performed using the Stata 11 SE software (StataCorp LLC, College
Station, TX, USA).

Results

1. Preclinical experiment

In all rats, we confirmed that the applied method for burn induction resulted in a superficial
partial-thickness burn injury.

1.1 Percentage of the non-epithelialised wound area on day five post-burn injury

We found that the treatment had a significant effect on wound healing based on the percentage
of the not epithelialised surface to the whole diameter of the burn on day 5. The post hoc
analysis revealed that the zinc-hyaluronan gel and the combination treatment resulted in a
significantly smaller ratio of the not epithelialised area (29 £ 10% and 28 + 13%, respectively)
than the silver-sulfadiazine cream (69 + 4%; p < 0.01 compared to both). In addition, the not
epithelialised area tended to decrease (47 + 8%) with silver foam treatment compared to silver-
sulfadiazine. However, in that case, the difference did not reach the level of significance (p =
0.080).

10



1.2 Extent of wound re-epithelialisation on day ten post-burn injury

Ten days after the induction of the burn injury, the whole wound diameter was somewhat
epithelialised in most of the rats (in specific, in 20 of the 28 animals); thus, we used a quite
simple scoring system to assess the healing of the wound: when at least some part of the wound
was not re-epithelialised, it scored 0; when the entire wound was re-epithelialised but only
partially (i.e., in a single layer), it scored 1; when the wound was entirely closed in multiple
layers, it scored 2.

The effect of the treatment was significant on the re-epithelialisation score (p < 0.001). We
found that the extent of re-epithelialisation was the lowest (0.2 £ 0.2) in the silver-sulfadiazine
cream group. At the same time, in the case of the other three treatments, it was significantly
higher with scores of 1.0 + 0.2 for silver foam (p = 0.008), 1.0 + 0.4 for zinc-hyaluronan (p =
0.012), and 2.0 + 0.0 for the combination treatment (p < 0.001). Notably, the combination
treatment resulted in the maximal score of 2 in every rat, which was higher than the scores in

the other treatment groups (p < 0.001 vs silver foam and p = 0.002 vs zinc-hyaluronan).

1.3 Scar thickness of the wound on day 22 post-burn injury

By day 22 post-burn injury, the wounds were fully re-epithelialised in all rats. In order to further
evaluate the healing process, we analysed whether there was a difference in the scar thickness
among the treatment groups since an increased scar thickness can be an indicator of
hypertrophic scarring, which remains a core challenge following burn injury (Finnerty et al.,
2016).

We found that the scar thickness was the smallest in the combination treatment group (560 +
42 pm), which was significantly less than in the silver-sulfadiazine cream group (712 £ 38 um;
p = 0.024).

2. Clinical study

We showed that the zinc-hyaluronan treatment is quite beneficial in our newly developed
preclinical model (see above), thus we wanted to know whether its benefits can also be found
in human patients. For that reason, we conducted a small sample, single-centre clinical trial
(Jozsa et al., 2018). Most of the studied children were younger than five years. With regards to

sex distribution, out of the 37 injured children, 27 were boys, and 10 were girls. This sex ratio
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is similar to international and European incidence rates, namely that boys (73%) are more likely

to suffer from burn injury (Jozsa et al., 2018).

Concerning the causes of the hand burns, touching a heater or a stove with the palm of the hand
was the most common, while injuries caused by household equipment and hot water were also

frequent. Only one child in the sample had injuries caused by electricity.

No wound infection was diagnosed in patients treated with the Zn-hyaluronan gel combined
with Aquacel Ag foam dressing. In general, epithelialisation of the burned area was observed 6
to 7 days after primary treatment, which corresponds well with the results from other methods
of dressing for this type of burn. The same combined treatment resulted in similarly improved
outcomes when we applied it to partial-thickness burn injuries of body parts other than the
hands in children (Jozsa et al., 2017).

3. Meta-analysis

In our third approach of studying the importance of burn injuries and their treatments, we
conducted a meta-analysis to evaluate the necessity of prophylactic systemic antibiotic

treatment in children with superficial burns (Csenkey et al., 2019).

3.1 Study selection

Until August 2019, the electronic literature search identified 432 human studies from three
databases: Cochrane Library, EMBASE, and PubMed altogether. After removing duplicates,
349 articles remained, which were screened on title and abstract for inclusion criteria. In
addition, full texts of 41 articles were reviewed, and, in the end, 6 publications were found
eligible for statistical analysis (Chahed et al., 2014; Ergun et al., 2004; Mulgrew et al., 2014;
Rashid et al., 2005; Rosanova et al., 2013; Sheridan et al., 2001), which included data from a
total of 1,735 patients.

3.2 Effects of systemic antibiotic prophylaxis on local and systemic infectious complications in

children with burn injuries

Primarly, we analyzed whether systemic antibiotic prophylaxis has an effect on the OR for
infectious complications either locally or systemically. Studies which separately reported the
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event rates of local (Ergun et al., 2004; Sheridan et al., 2001) or systemic complications (Ergun
et al., 2004; Mulgrew et al., 2014; Rashid et al., 2005) were included in the forest plot.
Prophylactic administration of systemic antibiotics did not cause a significant change in the
odds of systemic infections (OR = 0.74; 95% CI, 0.38, 1.45). With regards to local
complications, the use of antibiotics did not have a significant effect in the two included studies,
but the averaged result (OR =0.99; 95% Cl, 0.40, 2.47) should be considered carefully because
of the low number of studies in this subgroup. The odds of all (local and systemic together)
infectious complications was also not significantly different between the antibiotic-treated and
non-treated groups (OR =0.82; 95% ClI, 0.48, 1.40).

3.3 Odds for infections in different subgroups of burnt children treated or not treated with

systemic antibiotic prophylaxis

We also divided the studies into different subgroups according to the known risk factors of the
outcome of burns when enough data were available. Unlike in the first forest plot, where
systemic and local complications were distinguished from each other, in the remaining part of
our meta-analysis, we considered all (i.e., both local and systemic) complications together as
the outcome. We merged the local and systemic complications because it allowed us to include
two studies in the analysis in which the separate event rates of local and systemic complications
were not reported. Further justifying the merging of local and systemic complications, we did

not find a significant difference in the OR between systemic and local complications.

Based on the age range of the patient populations, the studies were divided into two subgroups:
limited to children only, viz., under ten years of age, or also including adolescents up to the age
of 16 years. Systemic antibiotic prophylaxis did not change the odds of complications in either
of the age groups. The OR in the younger (children only) group was 1.75 (95% CI, 0.24, 13.09),
while in the older group, which also included adolescents, it was 1.19 (95% CI, 0.44, 3.19).
Antibiotic prophylaxis did not have any effect on the chance of infections when all six studies
in the forest plot were combined (OR = 1.35, 95% CI, 0.44, 4.18).

Based on the mean TBSA affected by the burns, the studies were grouped as less than 20% and
more than 20% of injured TBSA. We did not find a significant effect of systemic antibiotic
prophylaxis on the odds of infectious complications in the subgroup with less than 20% affected
TBSA (OR =0.84, 95% Cl, 0.37, 1.91). The OR was also not significant in the subgroup with
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more than 20% of injured TBSA, but this group included only two studies, which is not

sufficient for proper meta-analysis; thus, the merged results should be taken with scrutiny.

Regarding the economic status of the country of the studies, the studies were divided into
middle-income and high-income subgroups based on the categorisation of the countries in the
World Bank Data. Our analysis showed no significant effect of antibiotic prophylaxis on the
chance of infections in either of the subgroups. The OR in the high-income subgroup was 1.35
(95% CI, 0.21, 8.77). The use of antibiotics was also without an effect in either of the two
studies in middle-income countries. However, caution is needed regarding their averaged OR

due to this subgroup’s low number of studies.

Discussion

Our ultimate goal in this work was to study the characteristics of burn injuries using a multiple,
translational research approach: experimental modelling, meta-analysis, and human trial. With
the help of this complex approach, we were able to 1) develop a novel preclinical model for the
study of partial thickness burn injuries and the comparison of therapeutic options of burns; 2)
demonstrate the benefits of zinc-hyaluronan treatment in the new preclinical model and human
patients with burn injuries; and 3) show with meta-analysis that the use of prophylactic

antibiotic treatment does not provide benefits for the infectious outcome in children with burns.

In the first part of our investigation, we introduced a novel, easily accessible rat model of
superficial partial-thickness burn injury and evaluation of wound healing, which can be used
for the preclinical testing of different treatment options. In this model, we compared the effects
of four treatments on different indicators of wound regeneration. We showed that the
combination of zinc-hyaluronan gel with silver foam dressing was the most advantageous
compared to the other treatments. In contrast, silver foam or zinc-hyaluronan alone was superior
to silver-sulfadiazine cream. Different experimental designs had been already used to study the
pathomechanism and therapeutic options in burns; however, an easily accessible and
reproducible, cost-effective, in vivo animal model for preclinical studies has remained to be
established. In our study, we developed a rat model of superficial partial-thickness burns, which
fulfils the listed criteria (Csenkey et al., 2022). We applied standardised preparations (adult
male Wistar rats, nape skin, anaesthesia, shaving, disinfection), burning methods (commercially
available soldering device with 4 x 4 mm flat surface on the iron tip, 130°C heating, 30 s contact

time, and steady pressure), as well as post-intervention procedures (covering the wound with a
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cohesive conforming bandage and a perforated plastic sheet). Consequently, we were able to
reliably reproduce histologically confirmed superficial partial-thickness burn wounds that
penetrated the dermo-epidermal papillary region of the skin but did not extend to deeper layers.

The rat — as a widely available, affordable experimental model — was already used previously
for the study of burns (Guo et al., 2007; Gurfinkel et al., 2010; Priya et al., 2002; Sakamoto et
al., 2016; Tavares Pereira Ddos et al., 2012; Venter et al., 2015). Among those studies, only
two reported the successful induction of superficial partial-thickness burns (Sakamoto et al.,
2016; Venter et al., 2015). In contrast, in the others, the depth of the burn was deep partial-
thickness (Guo et al., 2007; Tavares Pereira Ddos et al., 2012), full-thickness (Gurfinkel et al.,
2010), or unknown (Priya et al., 2002). However, the authors manufactured or modified the
device used for the induction of superficial partial-thickness burns in both earlier studies, which
limits their widespread accessibility. In our study, for the first time to our knowledge, we used
a commercially available soldering device without any modifications. Moreover, we described
how it was used for the induction of burns, which enables its application for scientific research
worldwide (Csenkey et al., 2022).

It should be noted, however, that although the rat skin is also composed of the primary layers
(epidermis, dermis) as the human skin, it does not perfectly mimic the human skin architecture
because of its unique skin morphology. Therefore, despite using rats for burn research in the
present and previous studies, care should be taken when translating the results obtained in rats
for human applications. Nevertheless, the developed model can be very well applied to study
burn treatment options that are already available for human patients. However, to our
knowledge, their parallel comparison under standardised circumstances (i.e., in a unified
model) has not been reported.

In superficial partial-thickness burns, conservative therapy is the primary choice, while surgical
interventions are usually unnecessary. In the case of conservative treatment, it is crucial to rinse
the wound with a disinfecting agent prior to removing the dead tissue. This process, called as
debridement, is considerably painful. Hence analgesic and anxiolytic drugs or general
anaesthesia are often administered. During the healing of the wound, epithelial cells originating
in the remaining epithelial appendages (e.g., the lining of sebaceous and sweat gland ducts)
travel from the uninjured to the damaged areas to begin the healing process (Pastar et al., 2014).
One of the major aims of conservative treatments is to facilitate the epithelialisation process
and thereby promote the healing of the wound. Conservative treatments are very efficient in

superficial partial-thickness burns because they cover the affected areas to maintain a moist
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environment. They can also deliver antimicrobial compounds to prevent the burn wounds’
infection and progression (i.e., deeper penetration). Several conservative treatments are
currently used (for a review, see Rowan et al., 2015), but their head-to-head comparisons under
standardised conditions are scarce. Therefore, the results of different trials can be compared
indirectly by meta-analyses. These are, however, suboptimal because of the methodological

quality and heterogeneity of the analysed studies.

Our work compared four treatment options (see below) on different wound healing parameters

in our novel rat model of superficial partial-thickness burns.

1) Silver-sulfadiazine (e.g., Dermazin) evokes antibacterial effects and promotes re-
epithelialisation; its low cost and easy application contributes to its widespread use in clinical
practice, which also explains why it could be used as a comparator treatment in previous studies.
However, its use requires daily dressing changes and creates a yellowish plaque on the burn,

which makes the assessment of burn depth difficult.

2) Hydrofiber (e.g., Aquacel Ag foam) is a newer dressing type, which contains an external
polyurethane waterproof film layer that surrounds a multilayer absorbent surface with a silver
ion content of 1.2 %. The multilayer cushion contains a foam sheet and a plate with hydrofiber
technology. Absorption of the wound discharge leads to the gelification of the hydrofiber layer,
which helps keep the wound moist and promotes wound healing while preventing infections.
The bandage is comfortable, and its removal is painless without requiring anaesthesia.

3) Zinc-hyaluronan gel (e.g., Curiosa) helps to maintain a moist environment due to the
considerable molecular weight and negative charge of the hyaluronan content, which facilitates
the healing process and reduces pain in second-degree burn injury. Furthermore, adding zinc
contributes to an anti-inflammatory and antimicrobial effect, making it a suitable alternative for

topical wound care therapy.

4) The combination of 2) and 3), which was found to perform better than other conservative
methods in previous clinical trials (Blanchard et al., 2016; Borges Rosa de Moura et al., 2022;
Eldad et al., 1991; Hernandez, 2011; Jozsa et al., 2017; 2018; Juhasz et al., 2012; Markiewicz-
Gospodarek et al., 2022; Mehta et al., 2019; Wasiak et al., 2013).

In our experiments, we found that silver-sulfadiazine was less beneficial than the combination
treatment at all three evaluation points, than zinc-hyaluronan on days 5 and 10, and silver foam
on day 10. The combination treatment performed better than the other three interventions on
day 10. It was the only method that caused a significant decrease in scar formation on day 22
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compared to silver-sulfadiazine. These results are in accordance with previous studies that
question the routine use of silver-sulfadiazine in the modern treatment of burn injuries
(Blanchard et al., 2016; Borges Rosa de Moura et al., 2022; Jozsa et al., 2017; 2018; Mehta et
al., 2019; Wasiak et al., 2013). Moreover, our findings highlight that newer treatment options
such as silver foam dressing and zinc-hyaluronan or the combination of them can result in
improved burn wound healing compared to silver-sulfadiazine. The mechanism by which the
combination treatment was superior compared to silver foam dressing or zinc-hyaluronan alone
remains subject to future studies. However, it can be suggested that the simultaneous presence
of silver and zinc ions in the dressing exerts additional advantageous effects on wound healing
as compared to the two components alone. Indeed, the combination of silver and zinc resulted
in enhanced antibacterial effects combined with anti-inflammatory and antioxidant responses.
Moreover, it was associated with improved wound healing, re-epithelialisation, and collagen
deposition when used in vivo as a dressing for mechanical (not burn) wounds (Borges Rosa de
Moura et al., 2022; Kyomuhimbo et al., 2019; Lu et al., 2017).

In the second part of our work, we showed that the application of zinc-hyaluronan is a very
efficient treatment in paediatric patients with burn injuries in a single-centre clinical trial (Jozsa
et al., 2018). We conducted a prospective study for four years in Hungary, in which we treated
37 children with superficial and mixed-typed second-degree hand burns with Aquacel Ag foam
and Zn-hyaluronan gel applied simultaneously. Children with deep second-degree hand burns
(1/B or 11/12) were excluded from the study. The limitations of our study are that it was
conducted in one centre only and involved only one method. The patients were not control-
matched and not randomised. Because of the study design, we did not include children with
[1/B degree burn depth in this investigation; whether the same combined treatment would be
beneficial in such cases, too, remains a subject for future studies. All the patients diagnosed
with a burn injury <5% TBSA were treated with this method. Because of the modern dressings,

epithelialisation generally occurred on the sixth day, there were no cases of infection.

Conservative treatment of hand burns with the widely used local remedy, silver-sulfadiazine
ointment, which creates a heavy, oozing fatty layer that is difficult to tolerate. This thick,
adherent layer also makes the proper burn depth determination very difficult. Before this study,
silver-sulfadiazine was the gold standard for treating superficial burns in our centre. The
disadvantages of that treatment consisted of the need for daily dressing changes and difficulties
with assessing burn depth. In contrast, the foam dressing containing silver could be used until

the wound healed; thus, repeated anaesthesia was not needed.
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Treatment of mixed-type burns remains a considerable challenge. It has been widely debated
as of whether conservative treatment is sufficiently compelling or not. Treatment for a coherent
and deep second-degree burn wound is a surgical intervention, whereas mixed-type second-
degree burns can also be effectively treated with conservative methods. In nearly 90% of the
children, we used Aquacel Ag foam dressing with Curiosa (Zn-hyaluronan) gel at the first
intervention. We checked the dressing on the second day and removed it on the sixth or seventh
day. Second-day control was essential to check the dressing condition. If the bandage was clean,
changing the dressing was unnecessary. In those cases, when we found that the dressing was
contaminated, we changed it, which explains the rationale for why we checked the wound on

the second day.

Hyaluronan gel containing zinc combined with hydrofiber dressing containing silver tends to
be effective against infections and promotes wound healing. The combined dressing is
comfortable and can be applied easily to the hand. It also creates an appropriate environment
for proper wound healing (Lau et al., 2016). In contrast to traditional treatments, applying,
changing, and removing a combination of Aquacel Ag foam with Zn-hyaluronan dressing is
painless. A crucial aspect of this new method is that the physical strain and stress of the child
are reduced because of fewer control check-ups and dressing changes. Because of the reduced
number of dressings and anaesthesia required, the approximate cost of the treatment per child
was cut by half. Currently, only a few clinical studies are available in the literature about
applying Aquacel Ag foam dressing in paediatric patients with partial-thickness burns. In these
studies, the length of hospital stay was significantly shorter in the Aquacel Ag group (Brown et
al., 2016; Paddock et al., 2007; Saba et al., 2009). Moreover, dressing frequency was 3 to 4
times lower in the Aquacel Ag group than in the standard dressing group (Lau et al., 2016).

In addition to analysing the effectiveness of dressings in the novel animal model and clinical
settings, we wanted to see if axillary treatments like prophylactic antibiotics are helpful in
preventing infectious complications associated with partial-thickness burn injury in children
(Csenkey et al., 2019). We used standard meta-analysis methods to answer that question and
showed that systemic antibiotic prophylaxis has no beneficial effects on the risk for infectious
complications in paediatric burn injuries. In particular, by analysing data from a total of 1,735
patients, we found that no patient subgroup benefited from receiving prophylactic antibiotic

treatment, as compared to burn patients without antibiotic treatment.

Infectious complications are often feared as threats after burn injuries. Superficial burns, which

affect only the epidermis, usually do not require specialised medical care. On the contrary, in
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deeper burns, which penetrate into the dermis or damage the entire dermis and potentially even
deeper tissues, the chance of infectious complications is proportionally increasing with the
depth of the burn (Church et al., 2006). Deeper burns usually require complex conventional and
surgical interventions. Among them, partial-thickness burns are the most common type in
children. As part of the primary treatment of deeper burns, systemic antibiotic prophylaxis is
occasionally initiated, even though there is no clinical evidence for such indication of anti-
microbial treatment. In fact, The International Society for Burn Injuries recommends avoiding
prophylactic systemic antibiotics in acute burns (ISBI Practice Guidelines Committee, 2016),
which guideline is based in part on meta-analyses of data obtained in adult burn patients (Avni
etal., 2010; Barajas-Nava et al., 2013). In paediatric burns, however, no meta-analysis has been
performed, and to the best of our knowledge, only a systematic review was published (Lee et
al., 2009), which lacked quantitative statistical analysis. Our work aimed at filling this gap by
conducting a meta-analysis of six articles identified based on an extensive literature search. We
showed that systemic antibiotic prophylaxis did not decrease the chance of systemic and all
infectious complications. As a matter of fact, when we included the rates of all infectious
complications from all six eligible studies in our analysis, we found that the overall chance of
developing an infection tended to be 35% higher in antibiotic-treated patients (n = 917) than in
patients without antibiotic prophylaxis (n = 818), as indicated by the overall OR of 1.35 (95%
Cl, 0.44, 4.18). However, the difference did not reach the level of statistical significance.

Two of the analysed studies reported a higher rate of infectious complications in children with
burn injuries who received antibiotic prophylaxis (Ergun et al., 2004; Rosanova et al., 2013). It
was thought to be due to the overgrowth of resistant microorganisms, thereby resulting in
infections by opportunistic pathogens in the urinary tract, airways, and middle ear. Antibiotic
prophylaxis did not prevent wound infection or potential lethal consequences in the study
conducted by Chahed et al. (2014) in 80 paediatric patients with burn injuries, which was, to
our knowledge, the only randomised clinical trial designed to investigate the necessity of
systemic antibiotic prophylaxis. Similarly, two other studies concluded that antibiotic
prophylaxis was unnecessary (Mulgrew et al., 2014; Sheridan et al., 2001). On the contrary,
another suggested that prophylactic antibiotics may prevent toxic shock syndrome based on
data obtained from 50 paediatric patients with burn injuries (Rashid et al., 2005). However, it
has to be noted that in the latter study, only three patients became septic in the entire study
population: two (of thirty-nine) in the antibiotic-treated group and one (of eleven) in the group
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without prophylaxis. Due to the low numbers, these results should be interpreted cautiously, as

the authors noted.

The results of our meta-analysis regarding the lack of efficacy of prophylactic antibiotics are in
harmony with the conclusions drawn in the majority of previous human studies, a systematic
review, and recent guidelines. Moreover, by quantitative synthesis of the data reported in the
identified articles, our results strengthen the body of evidence for the avoidance of systemic
antibiotic prophylaxis in paediatric burns. However, pooling all reported data together and
analysing only the overall infection rate may mask a potentially beneficial effect of antibiotics
in a specific subset of paediatric patients. Therefore, we also performed the meta-analysis in
different sub-groups, which were defined based on known risk factors reported in the identified
studies. We found three parameters that were reported in sufficient detail for subgroup analysis:
age, affected TBSA and country income. Therefore, we assigned patients to subgroups based
on these parameters. Remarkably, there was no statistical difference in the chance of infections
between paediatric patients with and without systemic antibiotic prophylaxis in any of the three
subgroups. These results suggest that systemic antibiotic prophylaxis should be avoided in
paediatric burns independently of the age of paediatric patients, the injured TBSA, or the

country’s economic status.

Certain limitations of our meta-analysis must also be mentioned. Despite the extensive database
search, only six studies could be included in the final analysis. This was sufficient for
quantitative synthesis, but when we divided the studies into subgroups, in some cases, only two
studies per group remained. Although a review of the Cochrane Library revealed that numerous
meta-analyses are conducted with two studies, firm conclusions should not be drawn from the
meta-analysis of such small subgroups. All of the studies included in our meta-analysis were
single-centre studies, ranging from retrospective to prospective to randomised clinical trials.
According to our quality assessment, only three studies were considered good quality, while
two were fair, and one was poor quality. The depths of the burns in the patient populations were
not reported in sufficient detail to allow for subgroup analysis of the infectious outcome
separately in partial- and full-thickness burns. Neither could we extract sufficient data about
the latency from the time of the burn injury till initiation and the duration of the systemic
antibiotic prophylaxis. Infectious comorbidities (or the lack of such), already present in the
children before they suffered burn injuries, could not be assessed from the studies. Finally, the
antibiotics administered to the children varied among the studies. While penicillins were used

most commonly for prophylaxis, cephalosporins and macrolides were also used in some cases,
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while, in one study, the antibiotic was not identified. All these factors could influence infectious
outcomes (whether systemic or local) in paediatric patients with burn injuries. However, we
could not account for these factors in the present meta-analysis due to data unavailability. The
mentioned statistical, methodological, and medical differences in study design can explain the
considerably high between-study heterogeneity (indicated by an 12 of ~80%), as observed in
our analysis. To account for the presence of heterogeneity, we used the random-effects model
in all forest plots of our meta-analyses. We also performed a leave-one-out sensitivity analysis
to confirm that any single study did not drive our findings. However, it is still possible that,
despite all of our approaches to reduce methodological errors, the low number, different design
and quality, and high heterogeneity of the analysed studies may have negatively impacted our

results.

Conclusions

We developed an easily accessible rat model for the study of superficial partial-thickness burn
injury. We showed that this model is feasible for the preclinical testing of different treatment
options by comparing four treatment methods. Among the studied treatments, the combination
of silver foam dressing and zinc-hyaluronan was superior compared to the other methods based

on various parameters of wound healing.

In a clinical trial including paediatric patients with burn injuries, we showed that a change in
the paradigm of conservative treatments might be timely, as new teatment options such as zinc-
hyaluronan was more beneficial than traditional treatments (e.g., silver-sulfadiazine) from

different aspects.

Furthermore, our meta-analysis examining the usefulness of prophylactic antibiotic treatment
in paediatric patients with burn injury showed that routine antibiotic prophylaxis has no benefit
in preventing infectious complications in childhood burn patients. The meta-analysis of the data
available in the literature quantitatively supported the position that the routine use of systemic
antibiotic prophylaxis should be avoided in case of childhood burns. In addition to the
guantitative synthesis of the available data, which to our knowledge, is the first in its field, we
point out certain limitations of study design and data provision, which, however, can also be
addressed during the planning of future clinical studies. Multinational, randomised controlled
trials are warranted to confirm our findings and clearly demonstrate that routine systemic

antibiotic prophylaxis is not indicated in paediatric burns.

21



Acknowledgements

First and foremost, I am grateful to my supervisors, Gergd Jozsa and Andras Garami, for their
invaluable help, continuous support, and patience during my PhD studies. | would also like to
thank Péter Vajda and Péter Hegyi for accepting me as a PhD student in their departments and

for their continuous support during my work.

I'would also like to thank Livia Vida and Béla Kajtar for their cooperation and help in pathology
and histology.

| want to express my special thank to the research team at the Department of Thermophysiology,
especially Eszter Pékai, Emma Hargitai, and Aniké Véarnagyné Rézsafi for their help in all parts
of the experiment.

I would also like to extend my thank to Aba Ldrincz for his help in the statistical part of the
study.

Last but not least, | would like to thank my family for their encouragement and perseverance.

22



Publications and presentations

Sum of all impact factors (IF): 29.533
Sum of IF from publications related to the topic of PhD thesis: 8.596

Total number of citations: 122

Publications related to the topic of the PhD thesis:

Alexandra Csenkey, Emma Hargitai, Eszter Pakai, Bela Kajtar, Livia Vida, Aba Lérincz,
Marin Gergics, Péter Vajda, Gergd Jozsa, Andras Garami.

Effectiveness of four topical treatment methods in a rat model of superficial partial-thickness
burn injury: the advantages of combining zinc-hyaluronan gel with silver foam dressing.
Injury 53, 3912-19, 2022

doi: 10.1016/j.injury.2022.09.062

IF: 2.687 Q1

Alexandra Csenkey, Gerg6 Jozsa, Noémi Gede, Eszter Pakai, Benedek Tinusz, Zoltan
Rumbus, Anita Lukacs, Zoltan Gyongyi Z, Péter Hamar, Robert Sepp, Andrej A.
Romanovsky, Péter Hegyi, Péter Vajda, Andras Garami.

Systemic antibiotic prophylaxis does not affect infectious complications in paediatric burn
injury: A meta-analysis.

PLOS ONE 14, e0223063, 2019

doi: 10.1371/journal.pone.0223063

IF: 4.092 Q1

Gergb Jozsa, Péter Vajda, Andras Garami, Alexandra Csenkey, Zsolt Juhasz.

Treatment of partial thickness hand burn injuries in children with combination of silver foam
dressing and zinc-hyaluronic gel: Case reports.

Medicine 97, €9991, 2018

doi: 10.1097/MD.0000000000009991

IF: 1.817 Q3

Other publications, not related to the topic of the PhD thesis

Istvan Ruzsics, Péter Matrai, Peter Hegyi, David Nemeth, Tenk Judit, Alexandra Csenkey,
Balint Eross, Gabor Varga, Marta Balasko, Erika Petervari, Gabor Veres, Robert Sepp, Zoltan
Rakonczay, Aron Vincze, Andras Garami, Zoltan Rumbus.
Noninvasive ventilation improves the outcome in patients with pneumonia-associated
respiratory failure: Systematic review and meta-analysis.
J Infect Public Health 15, 349-59, 2022
doi: 10.1016/j.jiph.2022.02.004

IF: 7.537 Q1

23


https://doi.org/10.1016/j.injury.2022.09.062
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0223063
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0223063

Andras Garami, Yury Shimansky, Zoltan Rumbus, Vizin Lillo, Robson, Nelli Farkas, Judit
Hegyi, Zsolt Szakacs, Margit Solymar, Alexandra Csenkey, Dan Chiche, Ram Kapil, Donald
Kyle, Wade Horn, Péter Hegyi, Andrej Romanovsky, (2020).
Hyperthermia induced by transient receptor potential vanilloid-1 (TRPV1) antagonists in
human clinical trials: Insights from mathematical modeling and meta-analysis.
Pharmacol Ther 208, 107474, 2020.
doi: 10.1016/j.pharmthera.2020.107474.

IF: 13.4 Q1 (D1)

Bakonyi Tibor, Csenkey Alexandra, Sterbenz Tamas: A feln6tt FIBA vilagversenyek
dobogodsainak utanpotlaskori versenytapasztalat szempontjabol valo elemzése a 2000-es
olimpiatdl a 2019-es vilagbajnoksagig.

Magyar Sporttudomanyi Szemle, 2020 (21. évf.), 6. (88.) sz. 54-60. old.

Bakonyi Tibor, Csenkey Alexandra , Toéth Miklos , Foldesiné Szabd Gyongyi, Radak Zsolt,
Martos Eva, Szabo Tamas, J aszberényi Jozsef , Halasi Tamas , Kende Tamds , Mocsai Lajos
Elethosszig tart6 aktivitas - Egy lehetséges Gj kutatas-fejlesztés Gtjan

Magyar Sporttudomanyi Szemle, 2020. (21. évf.), 6. (88.) sz. 71-81. old.

International oral and poster presentations

Alexandra Csenkey, Emma Hargitai, Eszter Pakai, Béla Kajtar, Livia Vida, Péter Vajda,
Andras Garami, Gerg6 Jozsa

Examination of the effectiveness of different treatment methods on animal combustion
models

17th Congress of Hungarian Association of Paediatric Surgeons (HAPS) with International
Participation

9-11 September 2021, Pécs (Hungary)

Alexandra Csenkey, Emma Hargitai, Eszter Pakai, Béla Kajtar, Livia Vida, Aba Lorincz,
Andréas Garami and Jozsa Gergd

Experimental Study of the Effectiveness of Different Treatment Methods in a Rat Model of
Superficial Partial-Thickness Burn Injury

19th European Burns Association Congress Turin, Italy, 7-10 September 2022

Keringer, P; Rumbus, Z; Miko, A; Csenkey A; Gaspar, P; Pakai, E; Olah, E; Khidhir, N;
Fiiredi, N; Horvath-Szalai, Z; Zsiboras, Cs; Solymar, M; Polyak, E; Gaszner, B; Garami, A
Acute effects of saccharin on the energetic homeostasis in rodents

Published: 2018

Conference: 7th International Conference on the Physiology and Pharmacology of
Temperature Regulation (PPTR) 2018-10-07 Split, Croatia

National oral and poster presentations
Csenkey Alexandra, Vajda Péter, Juhasz Zsolt, Jozsa Gergd, Garami Andras
A kéz masodfoku égési sériilésének kezelése eziist tartalmt habkotszer €s cink tartalmu gél

kombinalt hasznalatival gyermekkorban. Magyar Elettani Tarsasag Vandorgyiilése, Szeged,
2018. jan. 27-30.

24


https://matarka.hu/cikk_list.php?fusz=173263

Csenkey Alexandra, Jozsa Gergd, Gede Noémi, Tinusz Benedek, Rumbus Zoltan, Lukacs
Anita, Gyongyi Zoltan, Hamar Péter, Sepp Robert, Andrej Romanovsky, Hegyi Péter, Vajda
Péter, Garami Andras

Profilaktikus antibiotikum hasznalata égési sériilt gyermekekben: klinikai vizsgalatok meta-
analizise

XXV. Gyermektraumatologiai Vandorgyilés 2018. oktober 25-27. — Tata

Csenkey Alexandra, Hargitai Emma, Pakai Eszter, Rumbus Zoltan, Kajtar Béla, Vida Livia,
Vajda Péter, Garami Andras, J6zsa Gergd

Allatkisérletes égés modellen végzett kiilonboz6 kezelési modszerek eredményességének
vizsgalata

Magyar Gyermeksebész Tarsasag 2021. EVI TUDOMANYOS ULESE ES FIATALOK
FORUMA Szeged, 2021. jinius 4-5.

Hargitai Emma, Csenkey Alexandra, Garami Andras

Profilaktikus antibiotikum hasznélata gyermekkori égési sériilésekben: klinikai vizsgalatok
meta-analizise,34 OTDK, Orvos- és Egészségtudomanyi Szekcid, Operativ orvostudomanyok
- Mellkasi- hasi- és plasztikai sebészet, transzplantacios sebészet I1. Tagozat, 2019.04.26,
Debrecen

Hargitai Emma, Csenkey Alexandra, Garami Andras

Kiilonb6z6 kezelési modszerek dsszehasonlitdsa masodfoku €gési sériilés allatmodelljében II.
Semmelweis Tehetségkonferencia 2020.02.15-16., Szarvas

Hargitai Emma, Csenkey Alexandra, Garami Andras

Profilaktikus antibiotikum hasznalata gyermekkori égési sériilésekben: klinikai vizsgalatok
meta-analizise PTE TDK - 2019.02.21. - 11I. Hely — Pécs

Hargitai Emma, Csenkey Alexandra, Garami Andras

Profilaktikus antibiotikum hasznalata gyermekkori égési sériilésekben: klinikai vizsgalatok
meta-analizise PTE TDK - 2020.02.28. - I. Hely — Pécs

25



References

American Burn Association. ,,Burn Incidence and Treatment in the United States: 2016 Fact Sheet.” American
Burn Association, 2016.

Artz CP, Moncrief JA. ,,The Treatment of Burns.” (Philadelphia, WB Saunders Company), 1969.

Avni T, Levcovich A, Ad-El DD, Leibovici L, Paul M. ,,Prophylactic antibiotics for burns patients: systematic
review and meta-analysis.” BMJ 340, c241, 2010.

Barajas-Nava LA, Lopez-Alcalde J, Roque i Figuls M, Sola I, Bonfill Cosp X. ,,Antibiotic prophylaxis for
preventing burn wound infection.” Cochrane Database Syst Rev, CD008738, 2013.

Beers MH (ed). ,,MSD Orvosi kézikdnyv a csaladban.”, 2004.

Blanchard C, Brooks L, Ebsworth-Mojica K, Didione L, Wucher B, Dewhurst S, et al. ,,Zinc pyrithione
improves the antibacterial activity of silver sulfadiazine ointment.” mSphere 1, €¢00194-16, 2016.

Borges Rosa de Moura F, Antonio Ferreira B, Helena Muniz E, Benatti Justino A, Gabriela Silva A, de
Azambuja Ribeiro RIM, et al. ,,Antioxidant, anti-inflammatory, and wound healing effects of topical silver-
doped zinc oxide and silver oxide nanocomposites.” Int J Pharm 617, Article 121620, 2022.

Brown M, Dalziel SR, Herd E, et al. ,,A randomized controlled study of silver-based burns dressing in a pediatric
emergency department.” J Burn Care Res 37, 3407, 2016.

Brusselaers N, Monstrey S, Vogelaers D, Hoste E, Blot S. ,,Severe burn injury in Europe: a systematic review of
the incidence, etiology, morbidity, and mortality.” Crit Care 14, R188, 2010.

Chahed J, Ksia A, Selmi W, Hidouri S, Sahnoun L, Krichene I, et al. ,,Burns injury in children: is antibiotic
prophylaxis recommended?” Afr J Paediatr Surg 11, 323-5, 2014.

Church D, Elsayed S, Reid O, Winston B, Lindsay R. ,,Burn wound infections.” Clin Microbiol Rev 19, 403-34,
2006.

Csenkey A, Jozsa G, Gede N, Pakai E, Tinusz B, Rumbus Z, Lukacs A, Gyongyi Z, Hamar P, Sepp R,
Romanovsky AA, Hegyi P, Vajda P, Garami A. ,,Systemic antibiotic prophylaxis does not affect infectious
complications in pediatric burn injury: A meta-analysis.” PLoS ONE 14, 0223063, 2019.

Csenkey A, Hargitai E, Pakai E, Kajtar B, Vida L, Lorincz A, Gergics M, Vajda P, Jozsa G and Garami A.
,.Effectiveness of four topical treatment methods in a rat model of superficial partial-thickness burn injury: the
advantages of combining zinc-hyaluronan gel with silver foam dressing.” Injury 53, 3912-19, 2022.

Csorba E. ,A gyermekkori és fiatalkori égések kezelési stratégiaja.”, 2005.

Edlich RF, Farinholt HM, Winters KL, Britt LD, Long WB, 3rd. ,,Modern concepts of treatment and prevention
of lightning injuries.” Journal of Long-Term Effects of Medical Implants 15, 185-96, 2005.

Eldad A, Simon GA, Kadar T, Kushnir M. ,Immediate dressing of the burn wound—will it change its natural
history?” Burns 17, 233-38, 1991.

Epeneu N, Alina CD. Pediatric Burns and Scalds — Modern Therapeutic Concepts.”, 2015.

Ergun O, Celik A, Ergun G, Ozok G. ,,Prophylactic antibiotic use in pediatric burn units.” Eur J Pediatr Surg 14,
422-6, 2004.

Finnerty CC, Jeschke MG, Branski LK, Barret JP, Dziewulski P, Herndon DN. ,,Hypertrophic scarring: the
greatest unmet challenge after burn injury.” Lancet 388, 1427-36, 2016.

26



Gardiner, M, Eisen S, Murphy, C (eds). ,,Training in Paediatrics, Oxford Speciality Training” (Oxford: Oxford
University Press), 2009.

Guo HF, Ali RM, Hamid RA, Zaini AA, Khaza'ai H. ,,A new model for studying deep partial-thickness burns in
rats.” Int J Burns Trauma 7, 107-11, 2017.

Gurfinkel R, Singer AJ, Cagnano E, Rosenberg L. ,,Development of a novel animal burn model using radiant
heat in rats and swine.” Acad Emerg Med 17, 514-520, 2010.

Hardwicke J, Hunter T, Staruch R, Moiemen, N. ,,Chemical burns--an historical comparison and review of the
literature.” Burns: Journal of the International Society for Burn Injuries 38, 383—7, 2012.

Hernandez R. ,,Silver sulfadiazine creame versus topical application in second degree burns.” Rev Mex Pediatr
78, 56-59, 2011.

Herndon DE (ed). ,,Total Burn Care.”, Elsevier, 2012.

ISBI Practice Guidelines Committee, Steering Subcommittee, & Advisory Subcommittee. ,,ISBI Practice
Guidelines for Burn Care.” Burns: Journal of the International Society for Burn Injuries 42, 953-1021, 2016.

Juhasz I, Zoltan P, Erdei 1. ,,Treatment of partial thickness burns with Zn-hyaluronan: lessons of a clinical pilot
study.” Ann Burns Fire Disasters 25, 82-85, 2012.

Jozsa G, Toth E, Juhasz Z. ,New dressing combination for the treatment of partial thickness burn injuries in
children.” Ann Burns Fire Disasters 30, 43-46, 2017.

Jozsa G, Vajda P, Garami A, Csenkey A, Juhasz Z. ,, Treatment of partial thickness hand burn injuries in children
with combination of silver foam dressing and zinc-hyaluronic gel.” Medicine, 97, €9991, 2018.

Kyomuhimbo HD, Michira IN, Mwaura FB, Derese S, Feleni U, Iwuoha EI. ,,Silver-zinc oxide nanocomposite
antiseptic from the extract of Bidens pilosa.” SN Appl Sci 1, 681, 2019.

Lau CT, Wong KK, Tam P. ,,Silver containing hydrofiber dressing promotes wound healing in paediatric
patients with partial thickness burns.” Pediatr Surg Int 32, 577-81, 2016.

Lee F, Wong P, Hill F, Burgner D, Taylor R. ,,Evidence behind the WHO guidelines: hospital care for children:
what is the role of prophylactic antibiotics in the management of burns?”’ J Trop Pediatr 55, 73-7, 2009.

LuZ, Gao J, He Q, Wu J, Liang D, Yang H, et al. ,, Enhanced antibacterial and wound healing activities of
microporous chitosan-Ag/ZnO composite dressing.” Carbohydr Polym 156, 460-69, 2017.

Maguire S, Moynihan S, Mann M, Potokar T, Kemp AM. ,,A systematic review of the features that indicate
intentional scalds in children.” Burns: Journal of the International Society for Burn Injuries 34, 1072—81, 2008.

Makarovsky I, Markel G, Dushnitsky T, Eisenkraft A. ,,Hydrogen fluoride--the protoplasmic poison.” The Israel
Medical Association journal: IMAJ 10, 381-5, 2008.

Markiewicz-Gospodarek A, Koziol M, Tobiasz M, Baj J, Radzikowska-Buchner E, Przekora A. ,,Burn wound
healing: clinical complications, medical care, treatment, and dressing types: the current state of knowledge for
clinical practice.” Int J Environ Res Public Health, 19, 1338, 2022.

Mehta MA, Shah S, Ranjan V, Sarwade P, Philipose A. ,,Comparative study of silver-sulfadiazine-impregnated
collagen dressing versus conventional burn dressings in second-degree burns.” J Family Med Prim Care 8, 215-
19, 2019.

Mulgrew S, Khoo A, Cartwright R, Reynolds N. ,,Morbidity in pediatric burns, toxic shock syndrome, and
antibiotic prophylaxis: a retrospective comparative study.” Ann Plast Surg 72, 347, 2014.

Oba S, Isil CT, Turk H, Karamursel S, Aksu S, Kaba M, et al. ,,Evaluation of neurotoxicity of multiple
anesthesia in children using visual evoked potentials.” Sisli Etfal Hastan Tip Bul 53, 284-89, 2019.

27



Olah E, Poto L, Hegyi P, Szabo |, Hartmann P, Solymar M, et al. ,,Therapeutic whole-body hypothermia reduces
death in severe traumatic brain injury if the cooling index is sufficiently high: meta-analyses of the effect of
single cooling parameters and their integrated measure.” J Neurotrauma 35, 2407-17, 2018.

Paddock HN, Fabia R, Giles S, et al. ,,A silver impregnated antimicrobial dressing reduces hospital length of stay
for pediatric patients with burns.” J Burn Care Res 28, 409-11, 2007.

Papini RP, Wilson AP, Steer JA, McGrouther DA, Parkhouse N. ,,Wound management in burn centres in the
United Kingdom.” Br J Surg 82: 505-9, 1995.

Pastar I, Stojadinovic O, Yin NC, Ramirez H, Nusbaum AG, Sawaya A, et al. ,,Epithelialization in wound
healing: a comprehensive review. Adv Wound Care (New Rochelle) 3, 445-64, 2014.

Peck MD. ,.Epidemiology of burns throughout the world. Part I: Distribution and risk factors.” Burns: Journal of
the International Society for Burn Injuries 37, 1087-100, 2011.

Peck MD. ,,Epidemiology of burns throughout the World. Part II: Intentional burns in adults.” Burns: Journal of
the International Society for Burn Injuries 38, 630—7, 2012.

Peck MD. ,.Epidemiology of burn injuries globally.”, 2021. Available from:
https://www.uptodate.com/contents/epidemiology-of-burn-injuries-globally

Peden M, Oyegbite K, Ozanne-Smith J, et al. (eds). ,,World Report on Child Injury Prevention. Geneva: World
Health Organization; 2008.” Available from: https://www.ncbi.nIm.nih.gov/books/NBK310641/

Priya KS, Gnanamani A, Radhakrishnan N, Babu M. ,,Healing potential of Datura alba on burn wounds in albino
rats.” J Ethnopharmacol 83, 193-99, 2002.

Rashid A, Brown AP, Khan K. ,,On the use of prophylactic antibiotics in prevention of toxic shock syndrome.”
Burns 31: 981-5, 2005.

Rosanova MT, Stamboulian D, Lede R. ,Infections in burned children: epidemiological analysis and risk
factors.” Arch Argent Pediatr 111: 303-8, 2013.

Rowan MP, Cancio LC, Elster EA, Burmeister DM, Rose LF, Natesan S, et al. ,,Burn wound healing and
treatment: review and advancements.” Crit Care, 19, 243, 2015.

Rumbus Z, Matics R, Hegyi P, Zsiboras C, Szabo I, Illes A, et al. ,,Fever is associated with reduced, hypothermia
with increased mortality in septic patients: a meta-analysis of clinical trials.” PLoS ONE 12, 0170152, 2017.

Saba SC, Tsai R, Glat P. ,,Clinical evaluation comparing the efficacy of aquacel ag hydrofiber dressing versus
petrolatum gauze with antibiotic ointment in partial-thickness burns in a pediatric burn center.” J Burn Care Res
30, 380-5, 2009.

Sakamoto M, Morimoto N, Ogino S, Jinno C, Kawaguchi A, Kawai K, et al. ,,Preparation of partial-thickness
burn wounds in rodents using a new experimental burning device.” Ann Plast Surg 76, 652-58, 2016.

Sheridan RL, Weber JM, Pasternack MS, Tompkins RG. ,,Antibiotic prophylaxis for group A streptococcal burn
wound infection is not necessary.” J Trauma 51: 352-5, 2001.

Tavares Pereira Ddos S, Lima-Ribeiro MH, de Pontes-Filho NT, Carneiro-Ledao AM, Correia MT.
,,Development of animal model for studying deep second-degree thermal burns.” J Biomed Biotechnol 2012,
Article 460841, 2012.

Thorpe KE, Joski P, Johnston KJ. ,,Antibiotic-resistant infection treatment costs have doubled since 2002, now
exceeding $2 billion annually.” Health Aff (Millwood) 37: 662-9, 2018.

Tintinalli, JE (ed). Tintinalli's Emergency Medicine: ,,A Comprehensive Study Guide” (New York, NY,
McGraw-Hill Medical), 2010.

28


https://www.uptodate.com/contents/epidemiology-of-burn-injuries-globally
https://www.ncbi.nlm.nih.gov/books/NBK310641/

Venter NG, Monte-Alto-Costa A, Marques RG. ,,A new model for the standardisation of experimental burn
wounds.” Burns 41, 542-47, 2015.

Wasiak J, Cleland H, Campbell F, Spinks A. ,,Dressings for superficial and partial thickness burns.” Cochrane
Database Syst Rev, Article Cd002106, 2013.

Wolf SE, Cancio LC, Pruitt BA. ,,Chapter 3 - Epidemiological, Demographic and Outcome Characteristics of
Burns, in Total Burn Care” (Herndon DN ed; Elsevier) 14-27.e12, 2018.

Wylock P. ,,The life and times of Guillaume Dupuytren, 1777-1835.” (Brussels: Brussels University Press),
2010.

29



