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ABSTRACT

Introduction. Secondary infection is one of the most serious complications and the leading cause
of death in burn patients. Silver sulfadiazine (SSD) is the standard topical antimicrobial for burns
for the past several decades. At present, nano sized silver particles in sulfadiazine nano silver
packages have a high surface to volume ratio and remain effective in low concentrations and
minimize silver toxicity to tissues.

Methods. This study was a prospective parallel open-label randomized controlled clinical trial.
This research was conducted in the Plastic Surgery Subdivision of the Muhammad Hoesin General
Hospital Palembang Section from May to September 2018. Deep-dermal burn patients were given
random therapy of sulfadiazine and silver sulfadiazine nanosilver. Examination of the number of
pre-treatment and post-treatment burn colonies was carried out at the Microbiology Laboratory of
Muhammad Hoesin Hospital Palembang.

Results. Profile of patients with deep-dermal burns at RSMH are male (76.7%), age group between
15-54 years (66.7%), employees (30%), burn area <20% (66.7 %), and caused by fire (56.7%).
There were differences in the mean number of pre and post-treatment colonies in the sulfadiazine
nanosilver group, but there were no differences in the mean number of pre-and post-treatment
colonies in the silver sulfadiazine group. The mean number of post-treatment colonies in the
sulfadiazine nanosilver group was lower than the silver sulfadiazine group, but there were no

significant differences in the number of germ colonies in the two groups.
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Conclusion. Sulfadiazine nanosilver is effective in reducing the number of germ colonies in
patients with deep-dermal burns compared to silver sulfadiazine.

Keywords. Deep-dermal burns, sulfadiazine nano silver, silver sulfadiazine

Introduction

Secondary infection is one of the most serious complications and the leading cause of death
in burn patients. After the initial period of shock, burn infection is the most common complication.?
Infection accounts for 75% of all burn patient deaths with a total body surface area of more than
40%. Infection is a major problem in treating burns because it slows normal wound healing by
prolonging the inflammatory phase of the immune response. Necrotic tissue accumulation in the
wound area is a source of nutrition for bacterial growth.? Infection of microorganisms on the
surface of the burn causes delayed or not healing of burns.® Therefore, appropriate antibacterial
therapy must be started on time to avoid serious damage.*

Local vascular thrombosis and severe inflammatory responses cause the inability of systemic
administration of antibiotics for local infections so that the efficacy of a single intravenous
antibiotic to control bacterial reproduction in burns is unsatisfactory. In addition, long-term use of
antibiotics can cause multiple drug resistance and superinfection. Early application of topical
antibacterial or bactericidal agents is an effective method that can protect burns from bacterial
infections and stimulate wound healing.?

Antimicrobial silver-carrying preparations have been widely used as topical antimicrobial
agents in burns for decades. Silver has a synergistic effect with sulfadiazine in inhibiting bacterial
growth.® Silver sulfadiazine (SSD) is a drug that has been approved by the Food and Drug
Administration (FDA) as a topical agent for controlling bacterial infections in second-degree
burns. SSD plays an important role in inhibiting the molecular transport system, decreasing DNA
stability, and decreasing bacterial replication. In addition, SSD has antimicrobial properties by
destroying the molecular structure of bacteria and increasing the production of inactive and
insoluble metabolites. These metabolites further prevent bacterial infections, eliminate local

inflammatory reactions, and stimulate wound healing.
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The use of SSD is recommended for burns with bacterial contamination, clinically showing
signs and symptoms of bacterial infection, second and third degree burns, and first degree burns
with a large area of the wound.® However, SSD has some fairly serious side effects, such as argiria,
leukopenia, liver and kidney toxicity.2>"8 Therefore, better therapeutic options are needed in the
management of burns.

The discovery of nanotechnology allows the conversion of silver metal into the form of
nanoparticles. Nano-sized silver particles are more effective than the original form against
microorganisms, thus allowing more effective and better tolerated topical silver therapy.? This
small size is beneficial in that it is better able to penetrate into the wound and kill bacteria more
quickly. The development of silver in the form of nanoparticles significantly reduces the time
needed for the wound area to reach normal homeostatic equilibrium, decreases the risk of
unwanted complications, and improves physical appearance of the scar by reducing hypertrophic
scar formation.> Most studies report that silver nanoparticles are safe and non-cytotoxic in nature.
Nevertheless, the toxicity of silver can be found in the form of argyria. In addition, recent studies
have reported potential toxic effects on human fibroblasts, keratinocytes, and mesenchymal stem
cells.”8

There have been several clinical trials comparing the effectiveness of silver nanocrystalline
compared to other silver for burns. Nherera et al conducted a meta-analysis to evaluate 8 clinical
trials comparing the effectiveness of silver nanocrystalline compared to silver nitrate and silver
sulfadiazine for burns. The parameters evaluated were the incidence of infection, the length of
stay, and the required surgical procedures. The results obtained are: in the group of patients who
received silver nanocrystalline the incidence of infection was lower, shorter hospital stays, and
fewer surgical procedures were needed.® Liu, et al reported that nanosilver more significantly
stimulated healing of second-degree burns, reducing the incidence of infection secondary bacteria,
and reduced VAS scores compared to silver sulfadiazine.4 However, there have been no studies
comparing the effectiveness of SSDs with SSD nanoparticles (NSSD) in reducing colony of
microorganisms in burns. To get better outcomes in the treatment of second-degree burns, efforts
need to provide more effective therapies, so research is needed to compare SSD as a standard
therapy with NSSD.
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Methods

This study is a prospective parallel open-label randomized controlled clinical trial to
compare the effectiveness of therapy between topical sulfadiazine nanosilver and topical silver
sulfadiazine in inhibiting the growth of germ colonies in deep dermal burns. Research subjects (30
people) were all deep dermal burn patients who met the inclusion and exclusion criteria. Inclusion
criteria were that deep dermal burns were diagnosed based on clinical appearance and physical
examination in the form of spotted red color, may or may not be found bullae, capillary filling was
absent, and pain sensation was absent and agreed to follow the study as evidenced by informed
consent. Exclusion criteria are allergies to one component of silver sulfadiazine, patients with a
history of diabetes mellitus or are known to have diabetes mellitus, the patient died during
treatment.

Examination of germ colony growth in burns, begins with taking the first specimen swab,
Levine technigque; Swabs are taken on the wound surface, before being given topical antibiotics,
on day 1 (t-0) and on day 4 (t-1) with a skin surface area of a radius of 10 cm2 within 5 seconds.
The swab is taken in duplicate. The tip of the swab was broken and put into a sterile transport tube
which was given 5 mL NaCl 0.9%. The specimen is planted on a blood agar medium. All petri
dishes containing specimens were incubated in an aerobic 37°C. After 24 hours the growth of
germs was seen and the number of germ colonies was counted. Colony Forming Unit (CFU) is
used to determine the total number of bacteria in each petri dish. Counting the number of germs is
done indirectly by counting the number of colonies of germs that grow on agar plates. The number
of germs is calculated from the colonies that grow on the plate so that the medium is multiplied by
the dilution or dilution factor, which is 102, In this study no dilution or dilution was conducted.
The number of bacteria in each colony unit is 102-10° bacteria.

All data obtained is recorded and coded according to needs and then performed data entry
using SPSS software version 18.0. The data will be presented in tabular and graphical form.
Variable sociodemographic and clinical characteristics, effectiveness and side effects of the drug
are expressed in terms of number and percentage or average and standard deviation. All variables
were analyzed descriptively by presenting tabulated data and statistically analyzed. Statistical

analysis was performed using unpaired t-tests for independent samples, paired t-tests for dependent
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samples, and x? analysis to compare the characteristics of two groups. Probability value (p) < 0.05

is considered significant.

Results

Most of the samples were male (76.7%). Based on the age frequency distribution of 30
study samples, the majority of samples aged between 15-54 years were 20 people (66.7%), with
an average age of 24.73 + 16.913 years with the youngest age of 2 years and the oldest age of 58
years. Based on the type of work, the majority of the sample (30%) worked as employees. Based
on the area of the burn, more than half the sample had a burn area of <20%. Based on the cause of
burns, fire and explosion were the most causes of burns cases in this study with a percentage of
56.7%.

Table 1. Frequency distribution of research subjects

Characteristic Sample
N %
Sex
Male 23 76,7
Female 7 23,3
Age (years)
<1 0 0
1-4 5 16,7
5-9 4 13,3
10-14 0 0
15-54 20 66,7
55-64 1 3,3
>64 0 0
Occupation
Labour 1 3,3
Housewives 3 10
Entrepreneur 3 10
Student 6 20
Employee 9 30
No employment 8 26,7
Others 0 0
Clinical condition
Burn surface area
<20% 20 66,7
20-50% 9 30
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>50% 1 3,3
Burn Causes
Fire 17 56,7
Hot water 5 16,7
Skin contact 0 0
Chemical 4 13,3
Friction 0 0
Electrical 4 13,3

Table 2. Comparison of therapeutic effectiveness in the silver sulfadiazine and

nanosilver sulfadiazine pre-therapy and post-therapeutic groups

Nanosilver sulfadiazine Silver sulfadiazine
Pre Post Pre
Variable therapy therapy p therapy | Post therapy p
Number of
colonies 74.340,73 | 1.366,67 | 0,000 | 69.613,6 33.573,33 | 0,439

Paired t test; p =0,05

The unpaired t test results in table 2 show that there was no significant difference in the
average number of pre-treatment germ colonies between the sulfadiazine and silver sulfadiazine
nanosilver groups (p = 0.893; p> 0.05). Based on the paired t test results in table 3, there were
differences in the mean number of pre and post-treatment colonies in the sulfadiazine nanosilver
group (p = 0,000; p <0.05), but there were no differences in the mean number of pre-and post-
treatment colonies in the silver sulfadiazine group (p = 0,000; p <0.05), but there were no
differences in the mean number of pre-and post-treatment colonies in the silver sulfadiazine group
(p = 0,000; p <0.05). p = 0.439; p> 0.05). The mean number of post-treatment colonies in the
sulfadiazine nanosilver group was lower than the silver sulfadiazine group, but there were no

significant differences in the number of germ colonies in the two groups (p = 0.35; p> 0.05).
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Discussion

In this study, found a male gender prediction that experienced deep dermal burns with a
percentage of 76.7% and a ratio of 3.3: 1. This is in line with studies that report male sex
predominance with each ratio 1.22: 1, 2: 1, 2.26: 1, and 2.5: 1 in burn cases. Men are considered
to be more active and mobile so it is easier to experience a high risk of burns related to the
environment and work. 1013

Most (66.7%) burn patients aged between 15-54 years with a mean age of 24.73 £ 16.913
years with the youngest age of 2 years and the oldest age of 58 years. The results of this study are
not much different from other studies. Wardhana et al reported that approximately 68.6% of
patients were over 18 years of age with a median age of 29.31 (0.67-76). A study stated that burns
were most often found in the age group between 15 and 54 years (68%) .24 Studies reported that
the incidence of fire and electric burns was most age group between 25-65 years. This age group
generally has activities related to fire and electricity so that the incidence rate of burns is high in
this age group.*® Most (30%) burn patients in this study were employees. This is different from the
study of Wardhana et al. Who reported that the majority of the adult population of burn patients
were laborers. Workers are more vulnerable to occupational hazards that can cause burns, such as
factory explosions and power plants.®

Burn area <20% is the most common burn area in this study with a percentage of 66.7%.
This is different from other studies. Wardhana et al reported that almost half of burn patients
treated had burns between 11-30% .17 Studies reported that the most extensive burns were between
20-50% with a percentage of 45.87% .'® Other studies reported that the mean area of burns in
children and adults is 25% and 40%, respectively. Burn area is a risk factor for mortality and an
important indicator in the management strategy of burn patients. The more extensive the burn, the
higher the death rate.®

The cause of deep dermal burns in this study was fire. Similar results were reported by studies
that reported that fire was the main cause of the most common burns with 48.3%, 55% and 59.4%,
respectively. Fire and explosion are the main factors that cause death in burn patients because the
effects of fire and explosion affect the breadth and depth of the burn. The heavier and more
extensive, the higher the morbidity and mortality rate.?® Most households in Indonesia use

liquefied natural gas (LPG) as a fuel source for cooking. Fire and explosion burns are also related
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to the use of LPG at home and lack of vigilance or education, especially in the prevention of burns.
The increase in the incidence of fire burns is also thought to be related to several factors, such as
socioeconomic background and education.?!

Based on the results of statistical tests, the mean difference in the number of pre and post-
treatment colonies in the sulfadiazine nanosilver group, but there were no differences in the
average number of pre-and post-treatment colonies in the silver sulfadiazine group. The mean
number of post-treatment colonies in the sulfadiazine nanosilver group was lower than the silver
sulfadiazine group, but there were no significant differences in the number of germ colonies in the
two groups. The average difference in the number of germ colonies between silver nanoparticles
and negative controls was reported by Jeong et al. Jeong, et al reported that silver nanoparticles in
doses of 10 nm and 100 nm per 1 mg / mL showed antimicrobial activity against Methylobacterium
spp. which is equivalent to a positive control (methanol) with a colony number of 4x10?> CFU
compared to a negative control (1x108 CFU) .%

The reduction and average difference in the number of pre and post colony colonies in the
sulfadiazine nanosilver group showed potential in reducing the number of germ colonies in deep
dermal burn patients. This potential is due to the fact that nanocrystalline silver has advantages
over other silver preparations because it is pure silver, has no compound, and has a very small
particle size, smaller than silver nitrate or silver sulfadiazine. The discovery of nanotechnology
allows the conversion of silver metal into the form of nanoparticles. Nano-sized silver particles are
more effective than the original form against microorganisms, thus allowing more effective and
better tolerated topical silver therapy.? This small size is beneficial in that it is better able to
penetrate into the wound and kill bacteria more quickly. The development of silver in the form of
nanoparticles significantly reduces the time needed for the wound area to reach normal
homeostatic equilibrium, decreases the risk of unwanted complications, and improves physical
appearance of the scar by reducing hypertrophic scar formation.> Most studies report that silver
nanoparticles are safe and non-cytotoxic in nature.?®

Silver ions play arole in the antibacterial activity of silver nanoparticles. Silver ions can bind
to cell wall sulfohydryl groups. Sulfohydryl groups in the enzyme system can be degraded by the

conjunction of silver ions. Conjugated silver ions can prevent the formation of energy and electron
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transport in cells. Silver ions are also reported to damage the respiratory system of bacteria by
conjugating the proteins involved in the process.?*

Several studies report the broad-spectrum antibacterial and antifungal effects of
nanocrystalline silver. Nanosilver has broad-spectrum antimicrobial effects on bacteria, including
Clostridium perfringens, Staphylococcus aureus, Enterobacter, and Candida albicans. The
antibacterial mechanisms of silver nanocrystalline include bacterial cell wall disruption, blockade
of DNA replication, and deactivation of important enzymes in the bacterial respiratory system.
Therefore, silver nanocystalline is an effective barrier to microbial invasion and significantly
reduces the risk of infection. lonized silver and silver nanoparticles exhibit antibacterial, antifungal
effects and their use as a coating on various medical devices can prevent biofilm formation by
pathogenic bacteria.* Nanocrystalline silver-based dressings are proven to have the most rapid and
extensive fungicidal activity compared to other wound dressings (including which contains silver
nitrate and silver sulfadiazine). This dressing has been proven to be able to overcome several
problems related to previous wound dressing, such as tissue irritation and narrow spectrum
antifungal effects. Nanoparticles also exhibit antiretroviral activity and inhibit dose-dependent
HIV-1 replication.?®

Conclusion
Sulfadiazine nanosilver is effective in reducing the number of germ colonies in patients with

deep-dermal burns compared to silver sulfadiazine.
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