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Introduction: Burn infections are a serious obstacle to the patient’s recovery. Infection is estimated to account for
75% of burn patient mortality. Widespread and often indiscriminate administration of antibiotics and lack of basic
infection control methods are major factors in the emergence of drug-resistant bacteria. Due to the growing and
serious threat of antibiotic resistance, interest in silver compounds has grown in modern medicine.

Objectives: The aim of this descriptive study was to evaluate the frequency of sil genes and its phenotypic
expression in Pseudomonas aeruginosa and Acinetobacter baumannii isolates isolated from the burn ward of
Imam Khomeini hospital in Urmia.

Patients and Methods: P aeruginosa (n=16) and A. baumannii (n=32) isolates were collected from burn wound
samples in an 8-month period from August to March 2017 from the burn ward of the hospital. The minimum
inhibitory concentration of silver nitrate on the clinical isolates was determined using microdilution method. The
presence of silP, silE and silS silver resistance genes was investigated by polymerase chain reaction (PCR).
Results: The results of minimum inhibitory concentration (MIC) test showed that 62.5% (n = 10) of P aeruginosa
isolates and 56.25% (n = 18) of A. baumannii isolates showed MIC above 512 mg/ml. Polymerase chain reaction
results revealed that only one P, aeruginosa isolate had silE gene and among A. baumannii isolates, 20 isolates had
silE gene and six isolates had silS gene. None of the isolates showed positive results for the silP gene.
Conclusion: Based on the results, A. baumannii was the most common microorganism of burn wounds in the burn
ward of our hospital in Urmia. This study showed a high degree of phenotypic resistance to silver in A. baumannii
and P, aeruginosa isolates which silE and silS genes were also observed in some isolates.

Introduction
As one of the largest organs of the human
body, the skin is vital for maintaining body

Key point

This study showed a high degree of phenotypic
resistance to silver in Acinetobacter baumannii and
Pseudomonas aeruginosa isolates, which silE and silS
genes were also observed in some isolates.

temperature and protecting the host against
infection. Burn damage creates a gap in the
surface of the skin and destroys vital actions
that are necessary to maintain life and also as

a complex injury, it requires multidisciplinary ~ organisms, including Pseudomonas and
and continuous treatment (1,2). Despite all Acinetobacter (4).
the advances, infection remains the leading Microorganisms ~ resistant to  several

cause of death among burn patients. Loss
of skin barrier and immunodeficiency
associated with large burns make these
patients particularly susceptible to sepsis. In
recent years, multidrug-resistant bacterial
and fungal strains have caused an unexpected
increase in burn wound infections, sepsis
and death worldwide(3). Although the most
important infectious bacteria in burn wounds
is Staphylococcus aureus, a study conducted in
Texas detected that the main cause of death
due to infection is now multiple resistant

antibiotics can cause special problems in
the wounds of patients hospitalized in the
burn department (5, 6). Repurposing metal-
based antimicrobials to combat the current
crisis is a promising alternative strategy (6).
Silver and its compounds have been used as
antimicrobial agents for a longtime. The most
important silver compound currently used,
is silver sulfadiazine. In recent years, silver
compounds were utilized to prevent burn
infection and some eye infections and also
to remove warts (7). In addition, due to their
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antimicrobial effects, a large number of medical products
containing silver such as catheters, bandages, shunts
and surgical devices have been prepared (8). Bacterial
resistance to silver may develop with its increasing use
for medical and non-medical applications in the same
way that it has developed for antibiotics (9). Previously,
Gupta et al identified the sil operon, which is the genetic
basis of silver resistance, in Salmonella plasmid PMG101
(10). PMG101 is a 180 kb plasmid that causes resistance to
several antibiotics and heavy metals, including silver. The
silver resistance gene cluster includes nine genes, silB silA,
silB, silC, silR, silE, silS, ORF105, and silABC (ORF96) (11).
Clinically, sil genes have been identified in Salmonella, E.
coli, Pseudomonas and methicillin-resistant staphylococci

(8).

Objectives

Concerns on the excessive use of silver and the possible
emergence of the bacterial resistance to silver have
increased, especially in the clinical setting. Although this
is a global concern, no study related to silver resistance
has been yet initiated in Urmia. This study aimed to
investigate phenotypic and genotypic evidence of the silver
resistance in some medically important bacteria isolated
from burn wounds. This is the first study in Urmia to show
phenotypic and genotypic evidence of bacterial resistance
to silver in burn wound swab samples.

Patients and Methods

The method of collecting samples

In this descriptive study, the samples were taken from 125
burn patients in the burn department of Imam Khomeini
general medical center in Urmia during the 8-month
period from August to March 2018.

Sampling of the wounds of hospitalized patients was
conducted with sterile swabs while the dressing change
team opened them and the surface of the burn wounds
were completely clean and also free of disinfectants and
topical antibiotics.

These samples are employed to identify isolates
of P aeruginosa and A. baumannii using standard
microbiological methods such as gram staining, colony
morphology examination, movement examination, growth
on MacConkey agar medium and differential culture

Table 1. The primers used in the PCR test

mediums and also biochemical tests such as oxidase test
to determine, they were identified. Then the samples were
stored in a freezer at -20°C for the next steps.

DNA extraction and polymerase chain reaction (PCR)
The genomic DNA of 48 isolates of P. aeruginosa and
A. baumannii were extracted by the phenol-chloroform
method.

The amplicons were profiled into PCR with primers from
Bioneer Company in South Korea (Table 1) to check the
presence of silver resistance genes including silE, silP
and silS based on previous studies was conducted (12).
Accordingly, the minimum inhibitory concentration
(MIC) test by broth micro-dilution method. Susceptibility
to silver nitrate in the clinical isolates was investigated by
broth micro-dilution method based on previous studies
(13).

Results

Frequency of the number of samples collected

About 110 bacteria isolated from 120 patients were
confirmed through different laboratory tests and the test
results were observed and recorded (Table 2).

The result of the minimum inhibitory concentration of
silver nitrate MIC

Out of 32 isolates of A. baumannii, 16 isolates had MIC
of 1024 mg/mL, two isolates had MIC of 512 ug/mL, 10
isolates had MIC of 256 pg/mL and four isolates had MIC
of 128 ug/mL. Out of 16 isolates of P. aeruginosa, four
isolates showed MIC 1024, six isolates MIC 512, three
isolates MIC 256 and three isolates MIC 128 ug/mL.

The results of investigating the presence of silver resistance
genes

For examining the presence of silver resistance genes (silP,
silS, silE) in A. baumannii and P. aeruginosa isolates, the
following results were obtained.

Of 16 isolates of P. aeruginosa tested, with the studied
primers, the silE gene was detected in only one (6.2%)
strain, and out of 32 isolates of A. baumannii, 6 (18.75%)
isolates contained the silS gene and 20 (62.5%) isolates
contained silE gene. None of the isolates was positive for
silP gene (Figure 1).

Primer name Primer sequence Product length (bp) Reference
silE (F) GTACTC CCCCGGACATCACTAATT 400 12
silE (R) GGCCAGACTGACCGTTATT 400 12
silS (F) GGAGATCCCGGATGCATAGCAA 1500 12
silS (R) GTTTGCTGCATGACAGGCTAA AGACATC 1500 12
silP (F) CATGACATATCCTGAAGA CAGAAAATGC 2500 12
silP (R) CGGGCAGACCAGCAATAACAGATA 2500 12
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Table 2. Frequency of the bacterial pathogens isolated from the study cases

Bacteria No. of isolates Percent
Acinetobacter baumannii 32 29.1
Acinetobacter Iwoffii 9 8.18
Pseudomonas aeruginosa 16 14.54
Escherichia coli 3 2.72
Klebsiella pneumoniae 5 4.54
Enterobacter species 5 4.54
Staphylococcus aureus 15 13.63
Coagulase negative staphylococci 14 12.72
Corynebacterium species 11 10
Total 110 100
Discussion

Adequate adherence to infection control measures and
preparation of an antibiotic stewardship program will
help reduce the number of infections and the emergence
of resistant strains in patients with burn wounds. The
emergence of resistant strains in patients with burn
wounds, and identifying their antimicrobial susceptibility
patterns will help guide the antibiotic policy needed to
minimize acquired infections be designed among these
vulnerable patients. In our study, A. baumannii was the
most common pathogen isolated from burn injuries,
while these results were similar to the studies conducted
by Bayram et al (14), ALfadli et al (15), Hegde et al (16),
and Chim et al (17). The presence of Acinetobacter species
as a normal flora of the skin, the ability to easily transfer
and the ability to persist in the hospital environment due
to its multi-drug resistance and several other factors are
involved in increasing the incidence of hospital infections
caused by this organism. Comparing of the findings of the
present study to the similar studies indicates an increasing
trend in the frequency of Acinetobacter in burn wounds,
which has become one of the important causes of hospital
infections.

In our study, P, aeruginosa was the second most common
gram-negative isolate, with a frequency of 14.5%, which
is not a considerable rate for this bacteria comparing to
this kind of studies (18,19). A study conducted in a Burn
Care Unit in India showed that P. aeruginosa was the most
common type of gram-negative bacteria isolated from
burn patients. K. pneumonia and A. baumannii were the
second and third most common species (20). While in the
study conducted by Li et al, S. aureus and P. aeruginosa
were reported as the first and third organisms (21).
Possible explanations for differences in microbiological
profiles may be due to differences in geographic location
or patient age (children versus adults), differences in
hygiene practices applied in health care facilities and cross-
infection related to the hands of health care personnel.

Identifying the microbiological profile in burn wounds

Pseudomonas aeruginosa

Figure 1. Agarose gel electrophoresis picture of amplified si gene bands. Lane
M: Size marker 10 k, Lane 1: silE gene, Lane 2: silS gene.

is of great importance epidemiologically and in terms of
clinical outcome improvement, as these data may guide
effective empiric antibiotic therapy.

In our study, the most common microorganism
identified was A. baumannii. In the present study, the
MIC of silver nitrate was determined by broth micro
dilution method for 32 clinical isolates of A. baumannii
and 16 isolates of P. aeruginosa. The results showed that
the minimum inhibitory concentration is relatively high
compared to silver nitrate, therefore 62.5% of P. aeruginosa
isolates and 56.25% of A. baumannii isolates demonstrated
a minimum inhibitory concentration above 512 pg/mL.

The minimum inhibitory concentration in our study is
higher compared to the study by Hosny et al in Egypt in
2019, in which the study of 150 clinical isolates obtained
from burns and wounds displayed 19 bacterial isolates
with an MIC above 512 pg/mL to silver nitrate(22).

Investigating the prevalence of silver resistance is
important because of the possibility of plasmid transfer
and, as a result, cross-resistance in other bacteria.
Therefore, the wound provides an ideal environment
for the transfer of plasmids, which may contain silver
resistance genes between strains (23).

In the present study, 16 isolates of P. aeruginosa and 32
isolates of A. baumannii were tested for the presence of
silver resistance genes including silS, silE and silP using
PCR technique. Out of 16 isolates of P. aeruginosa, only
one isolate had silE gene, and out of 32 isolates of A.
baumannii, 20 isolates had silE gene and six isolates had
silS gene. None of the strains showed positive results for
the silP gene. These results were consistent with the results
of Siitterlin et al, which conducted in Sweden in 2012. silS
and silE genes were reported in two strains of Enterobacter
cloacae and P. aeruginosa in their study (13). Another
study conducted by Siitterlin et al in Sweden in which
out of 836 investigated isolates, 176 isolates (21%) had at
least one sil gene. sil genes showed the highest frequency
in Enterobacter and Klebsiella. At the species level, the
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highest abundance was reported in Enterobacter cloacae,
K. pneumoniae, and K. oxytoca (24).

A study was conducted in Bangladesh in 2017 by Safain
etal on 11 isolates of K. pneumoniae. In the phenotypic test,
it was found that two out of eleven isolates were resistant
to silver nitrate. The result of polymerase chain reaction
and sequencing for silver resistance genes confirmed
the presence of silE gene in an isolate of K. pneumoniae
(11). Another study conducted by Hosny et al in 2019 in
Egypt in which 150 bacterial isolates from burn wounds
were tested for the presence of silP, silF; silE, silA, silB, silP,
silCBA and silRS genes.

Silver sensitive isolates were negative in phenotypic test
for all sil genes tested. Nevertheless, all isolates resistant
to silver showed positive results for at least three tested
sil genes. All tested sil genes were detectable in 6 of 19
silver-resistant isolates. Other isolates were positive for
only some of the sil genes tested (22). Moreover, in a study
conducted by Percival et al in Sweden, 112 clinical isolates
obtained from patients with diabetic foot ulcers were
screened for the presence of silS silE and silP genes. 1.8%
of the isolates contained silver resistance genes (12). This
is the first study carried out in Iran that reports the ability
to detect resistance to silver and sil genes in clinical isolates
of P. aeruginosa and A. baumannii isolated from the burn
section. This study is alarming considering the increase of
MIC and spread of resistance to phenotypic silver and sil
genes, especially in A. baumannii species.

Conclusion

According to the obtained results, A. baumannii was the
most common microorganism in burn wounds in the
burn department of our hospital in Urmia. This study
showed a high level of phenotypic resistance to silver in A.
baumannii and P. aeruginosa isolates and silver resistance
genes were found in some collections.

Limitations of the study
No limitations were observed in this study.
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