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Abstract

Background: Burn remains a globally significant life-threatening problem, especially in developing countries,
and infection is considered as a major complication among burn patients. The rate of antibiotic-resistant bacteria
isolated from burn patients has demonstrated a significant increase. In this regard, this study aimed to determine
the antibiotic resistance pattern in Staphylococcus aureus isolated from patients’ burn wound infections.
Methods: All available wound cultures of burn patients admitted to the burn unit of Emam-Reza hospital/
Mashhad, northeast Iran from March 2012 to March 2017 were included in this retrospective study. Then, the
resistance of isolated S. aureus strains against 25 different antibiotic disks was studied based on the aim of the
studly.

Results: Overall, 1973 patients were admitted, out of whom 4758 swab samples were taken from them. Out
of 3188 micro-organisms isolated from burn wound cultures, 185 (5.8%) cases were S. aureus. Based on the
results, the highest susceptibility rates were related to vancomycin (98.8%), cefazolin (72%), ciprofloxacin
(75%), and gentamicin (74.6%).

Conclusions: In general, vancomycin, cefazolin, and ciprofloxacin appeared to be the most effective agents
among all tested antibiotics for S. aureus. The extensive use of antibiotics in treating infections has resulted
in the emergence of resistant strains. Routine microbiological surveillance and careful in vitro testing before
antibiotic use may help in the prevention of the ever-increasing antibiotic-resistant pathogens in burn infections.
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Background
One of the most challenging worldwide public health
problems is managing burn wounds, particularly in
developing countries with weaker wound care strategies
(1). Microorganisms have the opportunity to enter in a
suppressed immune system in burn patients as a result of
the disrupted skin barrier and organ dysfunction (2-4).
The bacterial infection is a leading cause of morbidity
and mortality in hospitalized patients with burn wounds
(1,2). The rate of death related to infections is 75%
compared to osmotic shock and hypovolemia in burn
patients (5). According to previous research on the
bacteria spectrum, its pattern has changed during the past
ten years (6). The most frequent bacteria isolated from
burn patients were Staphylococcus aureus, Pseudomonas
aeruginosa, Streptococcus pyogenes, and various coliform
bacilli. S. aureus remains a significant cause of infection
in burn injuries (5,7). In addition, the emergence of

antimicrobial resistance microorganisms results in the
failure management of wound infections in treatments
and require specialized management (8).

Given the above-mentioned explanations, our study
sought to evaluate the antimicrobial resistance pattern
among S. aureus strains isolated from burn wounds in a
burn unit in Mashhad, Iran. Data from this study can be a
helpful guide for the future antimicrobial therapy of burn
patients and the review of hospital wound care strategies.

Methods
A retrospective computer database from all available
wound cultures of burn patients during March 2012-
2017 (5-years) was included in this analysis from the burn
unit of Emam-Reza hospital, Mashhad, Iran.

During patients’ hospital stay in the burn intensive
care unit (BICU) and the burn ward, samples were taken
from burn wounds for microbiological tests. Further,
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culture and sensitivity tests were undertaken at the central
microbiology laboratory of Imam Reza Hospital by the
microbiologist. All isolated S. aureus samples were tested
against twenty-four antibiotic disks based on the usual
protocols in our hospital. The antibiotics were cefazolin,
ciprofloxacin, cefepime, clindamycin, erythromycin,
penicillin - G,

gentamicin, amikacin, colistin, imipenem, ceftriaxone,

tetracycline, vancomycin, ampicillin,

cotrimoxazole,  piperacillin/tazobactam, meropenem,

ceftazidime, tobramycin, levofloxacin, cefotaxime,
cefixime, and oxacillin. All disks were purchased from
Rosco Diagnostica, Taastrup, Denmark (www.rosco.
dk). The disks were chosen for each sample based on the
available disks at the time of admission or the particular
demand of the physician.

The plates were preserved at 35°C for 24 hours in
an incubator. After the appearance of colonial growth,
Gram-staining and catalase tests were used to identify
Staphylococcus spp. Additional tests applied to isolate S.
aureus were mannitol salt agar, DNase, and coagulase.
Moreover, the resistance pattern of S. awureus against
24 different antibiotics was tested by the Kirby-Bauer
method according to the Clinical and Laboratory
Standards Institute (CLSI) protocol (9). The sensitivity
pattern was identified and classified under susceptible
(S) and resistant (R) groups. The quality control for
antibiotic susceptibility test was based on laboratory
standard protocols. Furthermore, a standard strain of S.
aureus with the number of ATCC 29213 was used for the
quality control of antibiotic susceptibility.

The vancomycin resistance report in S. aureus by the disk
diffusion method is an initial screening. Our reference for
resistance determination was the diameter of the inhibition
zone which was based on the manufacturer’s instruction.
According to CLSI instructions, vancomycin-resistant
cases should be confirmed with minimal inhibitory
concentration (MIC). As a result, vancomycin-resistant
cases are not definite positive, which can be due to the
laboratory assay error.

The statistical analysis was performed using SPSS
software, version 24 for Windows. Descriptive analysis
was performed, including median and inter-quartile
range (25%-75%), and numeric data were summarized
as means or medians depending on normality. Eventually,
associations between categorical variables were tested by
Pearson chi-square or Fisher exact test, and P<0.05 was
considered statistically significant.

Results

In general, 4758 swab samples were taken among 1973

burn patients who were admitted during the 5 years of

assessment. A total of 3188 bacterial strains were isolated,

and 185 (5.8%) of them were identified as S. zureus.
Among S. aureus infected patients, participants’ mean

(SD, median and interquartile range) age was 20.8 (21,
16, 2-35) years, and the majority of patients were men
(73, 61%).

All samples were obtained from burn wounds.

Resistance and susceptibility rates to various antibiotics
are described in Table 1. Based on the results,
vancomycin was the most effective antibiotic against
S. aureus infection while erythromycin, tetracycline,
penicillin G, ceftriaxone, and oxacillin were found
to have the highest resistance among the tested drugs
during 5 vyears.
All microbiologic samples were collected from
patients in the BICU and the burn ward, and the
frequency of S. aureus was 13 (8%) and 172 (92%) in
BICU and the burn ward, respectively. Figure 1 shows
the comparison of S. aureus resistance patterns to
different antibiotics in the BICU and burn ward. There
were no significant differences between the two wards
in terms of antibiotic resistance.

The distribution of the resistance pattern from 2012
to 2017 is illustrated in Figure 2. In these 5 years, the
cefoxitin resistant rate decreased from 18% to 6% and
represented a statistically significant difference (2=0.002).
Further, resistance to gentamicin reduced from 43.3% to

Table 1. The Resistance and Susceptibility Rates of Various Antibiotics

Antibiotics Resistance Susceptibility
Amikacin 6 (54.5) 5(45.5)
Ampicillin 3(75.0) 1(25.0)
Cefazolin 7 (28.0) 18 (72.0)
Cefepime 18 (47.4) 20 (52.6)
Cefixime 0 1(100.0)
Cefotaxime 17 (37.8) 28 (62.2)
Cefoxitin 26 (28.9) 64 (71.1)
Ceftazidime 1(25.0) 3(75.0)
Ceftriaxone 8(57.1) 6(42.9)
Ciprofloxacin 26 (25.0) 78 (75.0)
Clindamycin 54 (31.4) 118 (68.6)
Colistin 3(27.3) 8(72.7)
Cotrimoxazole 50 (35.7) 90 (64.3)
Erythromycin 88 (50.6) 86 (49.4)
Gentamicin 33 (25.4) 97 (74.6)
Imipenem 6(24.0) 19 (76.0)
Levofloxacin 2 (66.7) 1(33.3)
Meropenem 1(100.0) 0
Oxacillin 36 (97.3) 12.7)
Penicillin G 53 (91.4) 5(8.6)
Piperacillin/Tazobactam 8 (80.0) 2 (20.0)
Tetracycline 13 (59.1) 9 (40.9)
Tobramycin 2 (66.7) 1(33.3)
Vancomycin 2(1.2) 170 (98.8)

Note. Data are represented as frequency (%).
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Figure 1. The Resistance Pattern of Staphylococcus aureus to
Various Antibiotics in Burn ICU and Burn Ward. Note. ICU:
Intensive care unit.

12% with a significant difference (2=0.05). Although a
reduction in the rate of resistance to erythromycin was
observed (64% to 30%), these changes were just in a
statistically significance threshold (2=0.06).

Discussion

Burn patients are at the risk of bacterial infections during
their hospitalization, and infections are prone to become
complicated because of their compromised immune
system. Among our patients, S. aureus was one of the
most common isolated organisms, which is in line with
the findings of other researches (7,10,11). S. aureus is
important among gram-positive organisms because of
complications that it causes in burn patients, putting
them in hazardous conditions. Along with toxins such as
hemolysin, leukotoxin, exfoliative toxin, and toxic shock
syndrome toxin, S. aureus with the help of lipase, protease,
and hyaluronidase enzymes can damage the patients
tissues and cause the toxic-shock syndrome. These factors
can endanger the health of burn patients who already
suffer from hypovolemic shock.

It is also one of the most important causes of bacteremia,
mortal septicemia, and endocarditis (12-14). Fournier et
al reported that S. aureus carriage was found as a potent
predictor of early-onset Pneumonia (15). Other dominant
organisms found in burn patients in other studies were
Pseudomonas aeruginosa, Klebsiella spp., and Proteus spp.
(16,17).

The available antibiotics currently used as the empirical
treatment for S. aureus are vancomycin, clindamycin, and
fluoroquinolone family (e.g., ciprofloxacin and the like),
and it seems to be an appropriate treatment. In case of
facing high resistance to any of these antibiotics in the
future, this empirical treatment should be changed and
replaced with other effective antibiotics. Furthermore,
these antibiotics can be chosen based on the laboratory
resistance pattern, patient conditions, other applied drugs,
and the availability and cost-effectiveness of antimicrobial
choices. Clinicians make such decisions for each patient.

Moreover, the infection control committee of the hospital
provides effective policies that are renewed every couple
of years to help clinicians prescribe the most effective
antibiotics. For example, Zorgani et al (18) recommended
that tigecycline and linezolid are good choices for treating
methicillin-resistant S. aureus.

Vancomycin, with its high sensitivity (98.8%), is
the only available choice in resistant S. aureus, and the
emergence of vancomycin-resistant strains is an alarming
health threat (2,7,10,18,19). To avoid creating vancomycin
resistance S. aureus, prescribing this antibiotic should only
be preserved for treating multidrug-resistant strains.

Based on the results of the study by Rahimipour et al
(20), the two reported vancomycin resistance samples
of our study were probably due to a technical problem.
Nonetheless, the confirmation of S. aureus resistance to
vancomycin needs conducting a thorough genetic study
and checking the presence of mecA and vanA genes based
on molecular techniques, but that of our study was only a
phenotypic type.

In our study, S. aureus was resistant to piperacillin,
which contradicts with the result of the study by Rezaei
et al (21) that was done in 2009 at the same hospital
(80.0% vs. 31.6%). Several steps can be taken to decrease
or prevent this increasing resistance rate to antibiotics,
including using reliable antibiotic prescription guidelines
such as Infectious Diseases Society of America (IDSA),
using the correct dose and the optimal duration for
treatment, changing empirical antibiotics to definitive
as soon as possible, and following the hospital infection
control guidelines. Additionally, another step is to consult
with a team consisting of a clinical microbiologist, an
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Figure 2. Resistance Pattern of Staphylococcus aureus to Various
Antibiotics During 2017-2012 in Burn Patients. Note. ICU: Intensive
care unit.
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infectious disease specialist, and a clinical pharmacist for
choosing the right antibiotic. It is not just about secking
their help in choosing the best antibiotic. More precisely,
they can even help in decreasing drug interactions and
their adverse effects.

The reviewing of 11 antibiotics during five years
demonstrated decreasing resistance to gentamicin,
ciprofloxacin, cotrimoxazole, clindamycin, vancomycin,
cefoxitin, erythromycin, and cefotaxime, which may
be due to an appropriate prescription of antibiotics by
clinicians and proper infection control of burn wards in
recent years.

Staphylococcus aureus infections in burn wards are

different

infections regarding resistance patterns to antibiotics.

in comparison to community-acquired
Oxacillin is a good example as it is used in other wards
for the treatment of S. aureus infections with good results.
However, in our study, S. aureus showed a high resistant
rate to this antibiotic (97.3%). Although S. aureus
represented a high resistant rate to some antibiotics such
as piperacillin (80%), using # test and MIC may prove
that they still can be effective in higher doses. Given that
this was a retrospective epidemiological study, we were

unable to study methicillin-resistant S. aureus strains.

Conclusions

Among all tested antibiotics, vancomycin, cefazolin, and
ciprofloxacin were the most effective agents against S.
aureus. The widespread use of antibiotics in the treatment
of bacterial infections has led to the emerging of resistant
strains. Routine microbiological surveillance and careful
in-vitro testing before antibiotic use and strict adherence
to hospital antibiotic policy may help prevent antibiotic-
resistant pathogens in burn infections.
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