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Assessment of the Effectiveness of Silver-
Coated Dressing, Chlorhexidine Acetate (0.5%),
Citric Acid (3%), and Silver Sulfadiazine (1%)
for Topical Antibacterial Effects Against the
Multi-Drug Resistant Pseudomonas Aeruginosa
Infecting Full-Skin Thickness Burn Wounds on
Rats
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The aim of this study was to compare the effects of four different topical antimicrobial
dressings on a multi-drug resistant Pseudomonas aeruginosa contaminated full-thickness
burn wound rat model. A total of 40 adult male Wistar albino rats were used. The control
group (group 1), silver sulfadiazine (1%) group 2, chlorhexidine acetate (0.5%) group 3,
citric acid (3%) group 4, and silver-coated dressing group 5 were compared to assess the
antibacterial effects of a daily application to a 30% full-skin thickness burn wound
seeded 10 minutes earlier with 10° CFU (colony forming unit)/0.5 mL of a multi-drug
resistant Pseudomonas aeruginosa strain. Five groups (1 control group and 4 treatment
groups) were compared. The administration of third-degree burns to all rats was
confirmed based on histopathologic data. The tissue cultures from groups 2 and 5
exhibited significant differences compared to those of the other 3 groups, whereas no
significant differences were observed between groups 1, 3, and 4. The effectiveness of the
treatments was as follows: 1% silver sulfadiazine > silver-coated dressing > 3% citric
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acid > 0.5% chlorhexidine acetate > control group. Our results supported the efficacy of
topical therapy by silver sulfadiazine and silver-coated dressing on infections caused by

multi-drug resistant Pseudomonas spp.
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B urn injury is a type of trauma that anyone may
encounter at least once in their lifetime. Large
and complicated burns may lead to shock, sepsis,
multi-organ failure, and eventually death. Small and
less severe burns may influence extremity functions
and result in diminished quality of life. Infection is
the greatest cause of mortality in long-term burn
patients." Gram-negative bacteria are usually re-
sponsible for wound infections in burn patients. Of
these bacteria, Pseudomonas spp. constitute the most
resistant and predominant strains.'™ Pseudomonas
aeruginosa infections in hospitals mainly affect the
patients in intensive care units and those having
catheterization, burn, and/or chronic illnesses.*
These species spread among patients via cross
contamination in a hospital environment. Treatment
of Pseudomonas aeruginosa infections is challenging
because the causative Pseudomonas aeruginosa strains
are highly resistant to antimicrobial therapy, or they
are able to gain resistance over time to all effective
antibiotherapies.” The most important mechanisms
responsible for this multiple resistance are de-
creased permeability of outer wall to antibiotics
and active transport of antibiotic molecules inside
out”® Due to database of National Nosocomial
Infections Surveillance System, Pseudomonas aerugi-
nosa seems to be the second most common agent
leading to burn infections However most studies
report Pseudomonas aeruginosa as the most com-
mon.”

The denaturated proteins within the burn
eschar create a medium suitable for growth of
microorganism. Diminished microcirculation
caused by vascular injury blocks host defense
mechanisms and administered antibiotics from
reaching sufficient concentrations at burn site."
Consequently, even if the correct are antibiotics
administered concerning the sensitivity of isolated
microorganism from cultures, clinic recovery may
not happen and infection leads to mortality.
Systemic antibiotic agents do not always effective-
ly reach the burned area depending on the
physiopathologic nature of a burn wound. There-
fore, topical agents play an essential role in
treating patients with deeper and wider burn
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wounds. Topical medications such as sulfamylon
(mafenide acetate), silver nitrate, aquacel silver,
Contreet antimicrobial foam, PolyMem Silver
dressings, boric acid, acetic acid, 3% citric acid,
0.5% chlorhexidine acetate (Bactigrass), silver
sulfadiazine 1% (Silverdin), and silver-coated
dressing (Acticoat) are used clinically to treat
Pseudomonas aeruginosa infections, which are fre-
quently encountered in burn intensive care units
and often lead to mortality.'"*"” Several topical
and systemic antibacterial agents are used to treat
infections in burn patients, and different drug
groups produce distinct clinical responses. Most
studies investigating such responses have exam-
ined topical agents individually. Moreover, few
studies have compared responses to different
topical agents, and this is particularly true for
citric acid. Here, we evaluated the efficacy of citric
acid for treating severe burn wounds."”'*'® No
experimental studies have evaluated the effects of
antibiotics used to treat infections caused by the
multi-drug resistant Pseudomonas aeruginosa.
Therefore, we evaluated the effectiveness of
topical antimicrobial agents [3% citric acid, 0.5%
chlorhexidine acetate (Bactigrass), 1% silver sulfa-
diazine (Silverdin) and silver-coated dressing
(Acticoat)] on multidrug-resistant Pseudomonas
aeruginosa infections established in experimental
rats.

Material and Methods

Protocol

This study was conducted in the Experimental
Animal Raising and Research Laboratory of Baskent
University Faculty of Medicine, after approval of the
local ethics committee. All experimental manipula-
tions were in accordance with the National Institutes
of Health Guide for the Care and Use of Laboratory
Animals.

Animals

A total of 40 male Wistar albino rats (12-13 weeks of
age, weighing 250-300 g) were acclimated for 1
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week before the experiments. The animals were kept
in individual cages, housed at room temperature
and given standard rat chow. Only water was
provided in the 12 hours preceding the experiments.

Establishment of anesthesia and postoperative analgesia

All rats were anesthetized using a combination of 7
mg/kg intramuscular xylazine hydrochloride (Rom-
pun; Bayer, Istanbul, Turkey) and 50 mg/kg
ketamine hydrochloride (Ketalar; Eczacibasi Warn-
er-Lambert Pharmaceutical Industry, Levent, Istan-
bul, Turkey). Rats in the established burn model
group were injected subcutaneously with 0.02 pg/
kg fentanyl citrate (fentanyl citrate ampoule Abbott,
Beckon, Istanbul, Turkey) twice daily after the
procedure, thus, achieving anesthesia. All rats were
killed through cervical dislocation under anesthesia.

Establishment of the burn model

Once the appropriate anesthesia was achieved, the
back of each rat was shaved, followed by cleansing
of the shaved area with Povidone-iodine twice. A
standard dimensioned brass plate was prepared to
inflict 30% identical burns. The brass plate was
placed on a flame for 2 minutes and then applied to
the back skin of each animal for 10 seconds to inflict
a full thickness third-degree burn injury (Fig. 1).
Presence of third-degree burns in the injuries
created was histopathologically proved. The ani-
mals were resuscitated by administering 2 mL of
lactated Ringer’s solution intraperitoneally.

Establishment of the infected burn model

Multi-drug resistant Pseudomonas aeruginosa strains
(1 X 10°) isolated from 10 burn patients who were
followed at the Baskent University Faculty of
Medicine Burn Unit between 2008 and 2009 were
used. Only one clinically significant Pseudomonas
aeruginosa isolate from each patient was included in
the study. The frozen bacterial solutions were
subcultured on blood and EMB (eosin methylene
blue) agar plates. After then the colonies were
subcultured onto appropriate agar mediums for
identification. The plates were incubated at 37°C in
ambient air for 16-18 hours. The bacteria were
identified to the genus level by conventional
methods using an automated system. The fluid
obtained through this method, which contained a
colony of 1 X 10° multi-drug resistant Pseudomonas
aeruginosa in every 0.5 mL, was administered to the
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Fig. 1 Creating a third-degree burn with a brass plate.

burn site on the back of each rat (Fig. 2). Treatment
started at 24 hours after burn injury. The antimicro-
bial susceptibilities were studied according to the
Clinical and Laboratory Standards Institute crite-
ria.®® For this study the pseudomonas strains
resistant to three of the following antibiotic classes
were considered as “multidrug resistant” in accor-
dance with the published articles: carbapenems,
piperacillin-tazobactam, third- or fourth-generation
cephalosporins, aminoglycosides, and quinolones.

Experimental groups

Once the infection model was designated, all rats
were randomized into 5 groups by a surgeon not
included in the study. Each group was composed of
8 rats. The groups were titled on the basis of the
antibacterial agent to be applied to the burn site.
Group 1 (n = 8), the control group, did not undergo
application of any systemic or topical agent, rats in
group 2 (n=28), group 3 (n=38), group 4 (n=38), and
group 5 (n = 8) were administered 1% silver
sulfadiazine (Silverdin, Deva, Turkey), 0.5% chlor-
hexidine acetate (Bactigrass, Smith & Nephew,
Warwickshire, UK), 3% citric acid, and silver-coated
dressing (Acticoat, Smith & Nephew), respectively.
Systemic antibacterial agent was not given to the
any treatment groups. Ten minutes after the burn,
each animal was seeded with 0.5 mL of broth
containing 1 X 10° colony forming units of Pseudo-
monas aeruginosa (ATCC 27853; American Type
Culture Collection, Rockville, Maryland) by swab-
bing. Growth of bacteria >10* cfu (colony forming
unit) were considered significant. The burn sites of
the rats in group I were secured with gauze, and 1%
silver sulfadiazine was applied to the burn sites of
the rats in group 2 via a sterile knife, after which the
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Fig. 2 Showing Pseudomonas colonies on the burned surface.

burn site was closed with sterile gauze. The burn
sites of the rats in group 3 were secured with sterile
gauze, preceded by the administration of Bactigrass.
Citric acid was poured through a sterile injector over
the burn sites of the rats in group IV, followed by
closure of the burn site with sterile gauze. Acticoat
was placed over the burn sites of the rats in group 5,
followed by closure of the burn site with sterile
gauze. Acticoat was soaked with distilled water
three times per day. All dressings were fixed using a
skin stapler. Dressings in all groups were changed
once at the same hour every morning under
anesthesia in all groups. The agents used in
treatment were administered as appropriate for
burn surface area. Appropriate anesthesia was
achieved using the aforementioned anesthetic
agents. On day 7 of the post-procedure follow-up,
blood cultures were taken using samples from the
left ventricle, and tissue cultures were taken from
the burn site (quantitative), paravertebral muscles
(quantitative), and lungs (quantitative) to evaluate
the efficacy of the administered topical antimicrobial
agents and bacterial translocation. Cultures were
assessed in the microbiology laboratory and were
calculated as 10° colonies per gram of tissue.
Growth of bacteria >10* cfu (colony forming unit)
were considered significant. Biopsies were obtained
in an attempt to evaluate the histopathologic degree
of the burns. All rats were sacrificed at the end of the
procedure.

Statistical analysis

The statistical analysis was performed using the
SPSS 11.0 software (SPSS, Inc., Chicago, Illinois,
USA). Intergroup data were assessed with a 1-way
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analysis of variance (ANOVA), and post-hoc multi-
ple comparisons tests were used to compare the five
groups. A P-value < 0.05 was considered signifi-
cant.

Results

No mortality occurred in any of the groups. Of the
40 rats, 31 lost weight. Five of the rats that
maintained their weights were from group 2, three
were from group 5, and one was from group 4.

1—Histopathologic evaluations

Hematoxylin and eosin staining was used to
confirm the administration of third-degree burns
on tissue specimens taken from the burned areas
(Fig. 3).

2—Quantitative tissue cultures

Table 1 summarizes the results of the quantitative
tissue cultures from the paravertebral muscles, the
lungs, and the burn injury sites. No significant
difference was detected in cultures from the burn
sites, the lung tissues, or the paravertebral muscles
among groups 1, 3, and 4, whereas significant

Fig. 3 Hematoxylin and eosin (H&E) staining was used for

histopathologic confirmation of presence of third-degree burns
(H&E x100).
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Table 1 Comparison of the quantitative tissue cultures of the burned area, the lung tissue, and the paravertebral muscle tissue. Measures are

expressed as 10* colonies/gram

Groups Rat Mean SD Range P

Burn area Control 8 107 0 107-10" NS
Silverdin 8 10%7° 0,707 10%16-10%34 <0.05

Bactigrass 8 107 0 107107 NS

Citric acid 8 10%° 0,535 10%%°-105% NS
Acticoat 8 10%%% 0,744 10°-10%% <0.05

Lung tissue Control 8 107 0 107-107 NS
Silverdin 8 10313 0,835 10%43-10°82 <0.05

Bactigrass 8 10%7° 0,463 105361071 NS

Citric acid 8 102 0,463 10°86-10%64 NS
Acticoat 8 10*7° 1,035 1038810562 <0.05

Paravertebal muscle tissue Control 8 107 0 107-107 NS
Silverdin 8 10*% 0,886 10"51-10%%° <0.05

Bactigrass 8 10588 0,354 106581077 NS

Citric acid 8 10613 0,354 1078310542 NS
Acticoat 8 10*88 0,641 10+34-1054 <0.05

results were obtained from groups 2 and 5 (P <
0.05). One ANOVA test demonstrated a difference
among the groups, a post-hoc test was utilized to
identify from which group the difference stemmed.
A post-hoc test revealed that the most efficacious
agents were as follows: 1% silver sulfadiazine >
silver-coated dressing > 3% citric acid > 0.5%
chlorhexidine acetate > the control group. Table 2
summarizes some of the results obtained from the
post-hoc analysis.

3—Blood cultures

Bacterial growth was evident on 38 of 40 blood
cultures obtained from the rats. No significant
differences in bacterial growth were detected among
the groups.

Discussion

Today burn induced mortality and morbidity are
still an important health issue. Consequently, sig-
nificant improvements were made regarding the
continuum starting with first aid and projecting
toward the rehabilitation of burn patients. Tangen-
tial debridement and grafting is a universally
accepted approach.”’ Most significant medical im-
provements target control of local and systemic
infection in burn patients. Protein denaturation,
breaking of skin integrity, generalized immunosup-
pression, and diminished local microcirculation are
factors leading to local and systemic infections in
burn patients and causes of high mortality and
morbidity rates observed in this group of patients.’
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Pseudomonas aeruginosa, Staphylococus aureus, and
Escherichia coli currently occupy the top ranks
among factors responsible for the etiology of burn
wound infections.>**** Pseudomonas aeruginosa is
noted as the most common bacterial agent in burn
patients in developing countries includes Tur-
key.**** Pseudomonas strains are gram-negative
bacilli, and have been recognized as the most
detrimental bacterial agent in burn wounds since
the 1960s. However, their eradication is challenging
due to their resistance to many antibiotics.”*® The
development of resistance to broad-spectrum anti-
biotics is inevitable when treating infections accom-
panying trauma such as burns. Therefore, the
development of topical agents for treating Pseudo-
monas aeruginosa infections, which is frequently
problematic in burn intensive care units, is of
increasing interest. Topical medications such as
boric acid, acetic acid, 3% citric acid, 0.5% chlorhex-
idine acetate (Bactigrass), silver-coated dressing
(Acticoat), and 1% silver sulfadiazine (Silverdin)
have been used to treat burn wounds infected with
Pseudomonas aeruginosa.'>''#19%2” However, no
study has compared the effectiveness of topical
antimicrobial agents against multidrug-resistant
Pseudomonas aeruginosa infections. Similarly, no
experimental study has investigated the effective-
ness of citric acid against Pseudomonas aeruginosa
infections in burn patients. Accordingly, we com-
pared the effectiveness of topical antimicrobial
agents used to treat multidrug-resistant Pseudomonas
aeruginosa infections. We found that the topical
antimicrobial agents administered to groups 2
(silver sulfadiazine) and 5 (silver-coated dressing)
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Table 2 Odds ratios and 95% confidence intervals obtained from the
post-hoc analysis. Only the results from the comparison of groups 2 and
5 between themselves and with the other groups are presented

Groups OR CI 95%
Burn area 1 versus 2 3,25 2.47-4.03
3 versus 2 3,25 2.47-4.03
4 versus 2 2,75 1.97-3.53
5 versus 2 1,88 1.10-2.65
1 versus 5 1,38 0.60-2.15
3 versus 5 1,38 0.60-2.15

4 versus 5 0,88 0.1-1.65

Lung tissue 1 versus 2 3,88 2.88-4.87
3 versus 2 3,63 2.63-4.62
4 versus 2 3,13 2.13-4.12
5 versus 2 1,63 0.63-2.62
1 versus 5 2,25 1.26-3.24
3 versus 5 2,00 1.01-2.99
4 versus 5 1,50 0.51-2.49
Paravertebal muscle tissue 1 versus 2 4,75 3.94-5.56
3 versus 2 4,63 3.82-5.43
4 versus 2 3,88 3.07-4.68
5 versus 2 2,63 1.82-3.43
1 versus 5 2,13 1.32-2.93
3 versus 5 2,00 1.19-2.81
4 versus 5 1,25 0.44-2.06

were significantly more efficacious compared to the
other groups.

Silver sulfadiazine (1%, Silverdin) is one of the
topical antibacterial agents used most commonly for
the prevention of burn wound infection. The silver
ion binds with the DNA of an organism and,
consequently, releases the sulfonamide, which in-
terferes with the intermediary metabolic pathway of
the microbe. It is most effective against Pseudomonas
aeruginosa, the enterics, and equally as effective as
any antifungal drug against Candida albicans. Re-
cently, Pseudomonas aeruginosa resistance to silver
sulfadiazine has been reported. The results of this
experimental study showed that silver sulfadiazine
was a more potent antipseudomonal agent than
other topical agents. It prevented the colonization of
the Pseudomonas aeruginosa in all of the tissues,
including eschar, which the other agents could not
achieve.'*

Silver-coated dressing (Acticoat) is used widely
for wound management, particularly in burns. It
consists of 2 sheets of high-density polyethylene
mesh coated with nanocrystalline silver. When
moistened with water, the nanocrystalline silver
continues to release silver ions onto the wound
surface.'®'* These dressings have potent antibacte-
rial activity against most of gram-negative and
gram-positive bacteria, yeast, filamentous fungi,
and viruses.'*'*
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Citric acid has antiseptic property as indicated by
microbiologic studies and by rapid clearing up of
infected surfaces. The use of citric acid as a topical
agent for effective elimination of Pseudomonas
aeruginosa from the burn wound has been reported.
Citric acid was also found effective against other
bacteria isolated from various types of wound
infections.'® Conversely, we found that citric acid
was not effective at treating infections caused by
resistant Pseudomonas aeruginosa strains. Although
our results differ from those previously reported,
that the colonies in our study were composed of
multidrug-resistant bacteria should be considered.

Despite a reduction in bacterial colonization, the
results failed to document complete eradication of
bacteria from specimens taken from burn sites,
lungs, paravertebral muscles, and the left ventricle.
Pruitt and Foley®® performed a tissue biopsy culture
of patients with burn wound infections and report-
ed a 75% mortality rate in those with cultures
exhibiting 1 X 10° colonies per gram of tissue.
Another review reported that burn wound infection
is unlikely in patients exhibiting a positive tissue
culture if <1 X 10° microorganisms per gram of
tissue, whereas those showing 1 X 10°~10° microor-
ganisms were not always interpreted as burn
wound infections, and tissue biopsy cultures grow-
ing >1 X 10° microorganisms per gram of tissue
showed a high proportion of burn wound sepsis.’
Therefore, we used 1 X 10® colonies of Pseudomonas
aeruginosa to initiate burn wound sepsis. This
number of colonies has been used in previous
studies."* Our results clearly demonstrated that
fewer than 1 X 10® colonies of Pseudomonas aerugi-
nosa were present following treatment in Groups 2
and 5. Despite incomplete eradication of the bacteria
in these groups, the bacterial colonization remaining
in these tissues was likely insufficient to trigger
sepsis. Therefore, inhibiting a likely clinical sepsis
scenario and decreasing the mortality and morbidity
rates are achievable in patients with large burned
areas.

Systemic antibiotherapy used for prophylactic
or empiric reasons in burn patients both challeng-
es the more traditional treatments of Pseudomonas
aeruginosa infections that commonly manifest in
the following weeks and are characterized by
multidrug resistance, as well as highlight the
significance of topical agent administration during
this period. We suggest that administering topical
agents other than 1% silver sulfadiazine, which is
the first-choice agent for many burn intensive care
units, could increase the number of resistant
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Pseudomonas aeruginosa colonies, resulting in in-
creased morbidity and mortality. We also feel that
early administration of silver-containing antimi-
crobial agents has proven efficacy in the treatment
of burns and is one of the most integral
components of therapy together with early de-
bridement and resuscitation treatments.

Results of our study demonstrated that citric
acid therapy, which was not evaluated with an
experimental study, has no significant effect on
antibiotic resistant Pseudomonas aeruginosa infec-
tions. In our opinion, regarding the favorable
outcomes reported as case reports in literature,
factors other than citric acid might have played a
role. We suggest this because citric acid was
experimentally shown to be ineffective on Pseudo-
monas aeruginosa infections having effective colony
counts.

An additional consideration is that the 1%
silver sulfadiazine treatment is substantially less
expensive than the cost of developing sepsis.
Preventing infections of burn wounds is of utmost
importance; however, antibiotics used in a frivo-
lous manner lead to the emergence of infections,
increased drug resistance, and the failure of most
topical and systemic medications to eradicate
these bacteria, thus increasing morbidity and
mortality.
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