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Introduction: Burn wound infections, as one of the most important risk factors, cause

serious complications in burns. Hence, the focus of medical care should be preventing

infections and resistant isolates. The current study investigates the prevalence of infectious

agents and antimicrobial resistance patterns during three years.

Materials and Methods: A total of 960 isolates were collected from different sample kinds

cultured for 615 burn patients who were hospitalized during January 2016 to December 2018

in Amir-Al-Momenin Burn Center. The type of microorganism and their antibiotic resistance

patterns were identified by microbiological tests and the standard disk-diffusion method

according to the introduced standard techniques.

Results: Incidence of positive growth was seen more in males than in females. Most of the

burns encountered were due to flame injuries (35.4%). Based on the diversity of bacterial

isolates, Pseudomonas aeruginosa was the most frequent pathogen (49.9%), followed by

Klebsiella sp. (9.7%), Acinetobacter sp. (7.2%) and Staphylococcus aureus (6.5%). The trend

of resistance of meropenem was declining in P. aeruginosa isolates. Klebsiella sp. as

the second most prevalent agent showed a high level of resistance to the studied antibiotics.

The antibiogram results for S. aureus isolates showed an increasing trend in MRSA isolates.

Conclusion: By evaluating the infectious agent, it was found that although frequencies of

microorganisms and resistant isolates were a little high, performing a multidisciplinary

approach controls the trend during the study period. These achievements have been gained

due to a strict politicized infection control and stewardship program in the appointed burn

center.
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Introduction
Nosocomial infections are one of the most serious complications in hospitalized

patients contributing to mortality and morbidity rates. Burn patients, due to the

features of their injuries, are exposed to hospital-associated infections more than

other hospitalized patients.1 Losing the protective skin barrier as the first line of defense

and defects appearing in the patient's immune system make the injured tissue a proper

environment for microbial growth. It has been illustrated that about 30–80% of burn

patients are threatened with nosocomial infections.2 Despite development in burn care

over the last decades, infections remain the leading cause of death in this group of

victims. According to previous reports, 42–65% of burn deaths are attributed to

infections.3 Microorganisms associated with nosocomial infections have endogenous
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or exogenous sources which recently are more related to

health care staff and hospital setting environments.

According to the different reports, the distribution trend of

microorganisms in hospitalized patients is mostly changed

during this time and almost changes from Gram-positive to

Gram-negative bacteria and in long-term hospitalization

leads to fungal infections.4 Literature reviews in burn

patients have shown that the most common pathogens are

Pseudomonas aeruginosa, Acinetobacter baumannii,

Staphylococcus aureus and Klebsiellasp. Infections in burn

patients should be considered of utmost importance since the

following complications threaten their life: multiple organ

dysfunction, sepsis, bacteremia and delay in the healing

process of their injuries. In order to prevent infection, differ-

ent strategies through an infection control program should be

used and paid attention to.5

One of the biggest challenges and specific concerns about

bacterial infections is their antimicrobial resistance pattern.

The resistance microorganisms are able to combat antimicro-

bial agents, which causes ineffective treatment and

perseverant spreading of infections.6,7 Based on different

reports, it has been estimated that more than 70% of health

care-associated infections are resistant to at least one of the

first-line or common antimicrobial drugs used in hospital.8–10

Recently, multidrug resistance (MDR) is increasing in hospi-

tal settings, which is more associated with the following: 1)

irregular and inappropriate use of antibiotics; 2) empirical

start of antibiotic use without relation to infection sources; 3)

prolonged use of antibiotics in a center without knowing the

resistance pattern; 4) antibiotic therapy of infections without

knowing the infectious agent and the antibiogram sensitivity

pattern; and 5) relying on antibiotic therapy instead of clean

care. Attention to the mentioned points and observing the

principles of infection control and antibiotic stewardship will

be helpful in decreasing the rate of morbidity and mortality

and the burden of social and financial costs.11 As mentioned

in the previous section, there are different reasons for the

emergence of nosocomial multidrug resistance but the most

important one is the use of broad-spectrum antibiotics blind

empirically. Nowadays, ordering antibiotics especially third-

generation cephalosporins and some other antibiotics such as

glycopeptides and polymyxins (the last resort of drug med-

ication in resistance control) out of the stewardship programs

will cause treatment failure. According to the antimicrobial

resistance studies in Iran, although the resistance rate in

hospital-acquired infections is not very high compared with

other developing countries, but the same as global statistics,

MDR isolates are increasing in our clinical centers, and

infection control programs with comprehensive antibiotic

stewardship plans must be performed seriously.12,13 To per-

form guidelines comprehensively, determining the pattern of

infections and their resistance is a considerable issue in the

aspect of epidemiological and clinical purposes and would be

helpful for clean care and infection control in alternative use

of antibiotics. In accordance with implementing the above

policy, the recent study was conducted to determine the

prevalence of nosocomial infections and related drug resis-

tance pattern during three years in the major burn center of

southwest Iran, Amir-Al-Momenin burn and wound healing

hospital.

Materials and Methods
This cross-sectional study was conducted in burn patients

hospitalized in Amir-Al-Momenin burn hospital affiliated

with Shiraz University of Medical Sciences, Shiraz, Iran

(SUMS). Over a period of three years from January 2016

to December 2018, patients of both genders, burn degree 2

and more, from every ward with no limited age were

included in this study. Patients were excluded with any

history of cancer, any immunocompromised diseases and

using antibiotic drugs at the time of admission. A total of

3420 samples from 615 hospitalized patients with the

following criteria were taken from hospitalized patients.

Characteristics of patients are provided in Table 1. To

evaluate the prevalence of nosocomial infection in the

hospital wards, specific samples such as wound, urinary

tract, sputum, nose, catheters and stool were taken from

patients according to their conditions at least after three

days of hospitalization. In order to evaluate better, more

than one sample of different kinds was taken from some

patients. All of the samples were examined for infections

by standard and specific microbiological tests. Finally,

a total of 960 samples were growth positive and included

in the analysis. The distribution of bacteria in different

wards during the study period is shown in Table 2.

All growth bacteria were classified into Gram-negative

/positive and identified based on Standard Microbiological

procedures. According to the Clinical and Laboratory

Standard Institute (CLSI 2018) guideline, antibiotic suscept-

ibility tests were performed for all of the confirmed isolates

by the disk-diffusion method. For this purpose, pure con-

firmed isolates were prepared in 0.5 McFarland standard

suspension. Each prepared isolate was then plated onto

Muller-Hinton agar (Difcos) plates. Antibiotic disks

(Oxoid) were applied to each plate based on the same proto-

col which has been listed in Table 3. According to the CLSI
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guideline, methicillin-resistant S. aureus isolates can be

determined by oxacillin. Oxacillin-resistant Staphylococci

are resistant to all currently available β-lactam antimicrobial

agents, with the exception of the newer cephalosporins with

anti-MRSA activity, so testing of other β-lactam agents,

except those with anti-MRSA activity, is not advised.14

Based on the guideline, for sensitive control, reference

strains ATCC 25923 (S. aureus), ATCC 35218 (Escherichia

coli), ATCC 27853 (P. aeruginosa) and ATCC 43816

(Klebsiella pneumonia) were used. These strains were

obtained from the Department of Microbiology, Burn and

Wound Healing Research Center, SUMS. The process and

procedures of the study were approved by the Ethical

Committee code: IR.SUMS.REC.1398.418.

Statistical Analysis
The numerical data were expressed with mean±standard

deviation, while categorical data were indicated with fre-

quency and percentage. All statistical analysis was con-

ducted with SPSS 16 (SPSS Inc., Chicago, IL, USA).

Results
During the study period, according to the inclusion criteria

of the study, a total of 960 (28%) positive growth samples

were collected from 615 burn individuals. Age ranges of

included patients were estimated as 1–89 years with mean

28.79±21.48 years. The average of percent total body sur-

face area (TBSA%) was 32.53±22.05 (range: 1–100).

There were 373 (60.7%) male and 242 (39.3%) female

patients. Most of the burns encountered were due to flame

injuries (218, 35.4%). More details about the demographic

information of included patients are provided in Table 1.

As mentioned before, isolates were collected from

different specimens from different kinds and wards.

According to the data analysis of total data, it has been

deducted that wound infection was in the highest (264/

960, 27.5%) incidence, followed by nasal (96/960, 10.0%),

tissue (78/960, 8.12%) and sputum (66/960, 6.87%)

respectively. Based on the diversity of bacterial isolates

among the study period, P. aeruginosa was the most fre-

quent and in the highest incidence (49.9%), followed by

Klebsiellasp. (9.7%), Acinetobactersp. (7.2%) and S. aur-

eus (6.5%).

A comparison of the trend of infectious agents in the

time of study based on year and ward has been shown in

detail in Table 2. According to the results, an increasing

trend has been seen in P. aeruginosa isolates during the

study time. This increase was mostly related to the ICU

ward, while in the other wards this infection was almost

controlled with no changes. Klebsiellasp. was the second

nosocomial infection agent with no considerable changes

in trend during the time of the study. The results for

Acinetobactersp. as the third infectious agent showed that

this infection has been controlled in recent years and has

a reducing trend. S. aureus as the first common Gram-

positive infection in our burn center overall had a reducing

trend in all studied wards. Moreover, the results of the

analysis of samples showed that some other uncommon

bacteria such as E. coli and Proteussp. are present which

have been detected in samples other than wounds. Among

the results, some other bacteria such as Enterobacteriaceae

and haemolytic Streptococcusspp. have been detected in

low prevalence (<0.7%), which according to the variety of

sample type have not been analyzed in detail. In order to

detect new emergence infections, coagulase-negative

Staphylococcusspp. (CoNS) were evaluated in more detail.

A total of 65/213 (30.51%) CoNS were found as

Staphylococcus lugdunensis. This bacterium is already

Table 1 Demographic Characteristics of Positive Growth Patients

Variables 2016 (n=211) 2017 (n=246) 2018 (n=158) Total

Demographics Male/female 130 (61.6%)/81 (38.4%) 155 (63%)/91 (37%) 88 (55.7%)/70 (44.3%) 373 (60.7%)/242 (36.9%)

Age 29.44±22.03 26.33±21.96 31.82±19.56 28.79±21.48

TBSA 31.46±20.85 29.78±22.13 38.89±22.55 32.53±22.05

Burn cause Flame 76 (40%) 84 (36.5%) 58 (54.2%) 218 (41.4%)

Electrical 5 (2.6%) 9 (3.9%) 8 (7.5%) 22 (4.2%)

Scald 48 (25.3%) 69 (30%) 18 (16.8%) 135 (25.6%)

Chemical 1 (0.5%) 2 (0.9%) 1 (0.9%) 4 (0.8%)

Hot object 2 (1.1%) 4 (1.7%) 2 (1.9%) 8 (1.5%)

Explosion 58 (30.5%) 62 (27%) 20 (18.7%) 140 (26.6%)

Abbreviation: TBSA, total burn surface area.
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known as a cousin of S. aureus with the same pathogeni-

city potential.

The antibiogram sensitivity of the main nosocomial iso-

lates was evaluated as the second aim of the study. Based on

a common policy for each clinical setting, some drugs are in

more common use for infection control. This is because the

pattern of infection is almost known for each center and the

infectious specialist almost used a defined empirical pattern

for their patients. Based on this, the pattern of commonly

used antibiotics which is listed in Table 3 was evaluated and

analyzed. Based on this evaluation, carbapenem groups were

detected as the choice drugs for P. aeruginosa isolates as the

most prevalent pathogen. According to the analysis results

for the resistance pattern of this bacterium to meropenem and

imipenem, it has been deduced that the resistant trend is

reducing for meropenem and there are no significant changes

for imipenem among the years of study (2016–2018). For

other antibiotic resistance patterns, detailed data are shown in

Table 3.

According to the antibiogram resistance pattern for

other prevalent Gram-negative bacteria, a high level of

resistance in Klebsiella sp. was demonstrated especially

in the second year of the study (2017), which seems to

have been controlled and reduced in the next year.

For A. baumannii, total evaluations during the years of

study have shown no significant changes in resistance

pattern. The highest and lowest resistant rate was seen

against imipenem (97.10%) and amikacin (54.28%)

respectively during the years of study.

In the evaluation of Gram-positive isolates,

Staphylococcus spp. were present in the highest rate. Based

on the importance of different species of this genus, isolates

were divided into three categories (S. aureus, S. lugdunensis

and coagulase-negative Staphylococcus spp.) based on stan-

dard biochemical tests.

The antibiogram results for S. aureus isolates showed an

increasing trend in MRSA isolates during the years of study

based on the oxacillin test. In the following antibiotic sensi-

tivity tests for MRSA isolates against vancomycin, it has

been deduced that all were sensitive to vancomycin accord-

ing to the MIC results. According to the pathogenic impor-

tance of S. lugdunensis species, antibiogram tests have been

performed for this group of bacteria. All details related to

this group of bacteria are shown in Table 3.

Discussion
Infections are one of the most hazardous complications in all

hospitalized patients, which are more pronounced in burn

patients. Nowadays, despite improvement policies in treating

burn patients, infections are still the main cause of mortality

andmorbidity in these victims. According to recent reports in

Iran, 73% ofmortality in burn patients are due to infections.15

In spite of acceptable management of infection control stra-

tegies in burn patients, colonization and proliferation of

microorganisms still threaten the patient's life. One of the

important causes of microbial invasion and failure of infec-

tion control policies is due to bacterial resistance to antimi-

crobial agents. With regards to the importance of nosocomial

infections as the main threat for burn patients, diagnosing the

pattern of prevalent microorganisms with their resistance

algorithm in hospital settings may improve therapeutic

decisions.16,17 According to the fact that a broad spectrum

of microorganisms can cause infection in burns, many litera-

ture studies declare that the microbiological profile of the

organisms changes over the time of hospitalization in burn

patients. In new hospitalized burn cases, Gram-positive

organisms are more predominant at first. But in prolonged

hospitalization, Gram-negative bacteria become more

prevalent.18 Based on different documents it has been

shown that Gram-positive infections are from endogenous

sources and this is while, with prolonged hospitalization and

broad-spectrum antibiotic use, resistant nosocomial infec-

tions from exogenous sources are replaced. Our recent find-

ings revealed that the most common nosocomial pathogens

in Shiraz burn center are as follows: P. aeruginosa,

Klebsiellasp., A. baumannii and S. aureus. Infection in

these patients is not only the main reason for mortality but

also for extending the length of hospitalization stay.

Available evidence asserts that a longer stay is associated

with more infections; also, the survival rate for uninfected

patients is two times more than for infected victims.19

Comparing these results with other near board countries

has shown similar bacterial species patterns.Moreover, many

studies identified P. aeruginosa isolates as the most common

pathogen in burn injuries.20–22 In contrast, A. baumannii

has been reported to prevail in Asian and Arab countries. In

some other reports, S. aureus was defined as the leader of

nosocomial infection in burn cases.23

In comparing the current results with a previous study in

southwest Iran, P. aeruginosa is still in similar rank and this

is while Klebsiellasp. has been shifted to the second level of

infections. Although the pattern of infection in the mentioned

center is not changed approximately, some points are high-

lighted: the numbers of P. aeruginosa, Klebsiellasp. and

S. aureus isolates have increased, and this is while some
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infections such asA. baumannii have gradually waned during

the study period.18,24

Evaluating the antibiogram profile of infections, in com-

parison with a previous report, has shown a considerable

achievement in decreasing the resistance pattern in prevalent

infectious agents.18 Although there are an increasing number

of some infections, for instance P. aeruginosa and Klebsiella

sp. significantly, this is similar with other burn centers around

the world in recent years20,21 Due to the aim of the study, it

was revealed that this achievement has been gained due to

a strict politicized infection control and stewardship program

in the appointed burn center. In this policy wemanaged to stop

the empirical antibiotic treatment until the third day of hospi-

talization and decreased the use of irrational antibiotics based

on prevalent infections in our center. In some conditions we

utilize clean care of wounds and use of antibacterial dressing

instead of systematic antibiotic therapy, which helps to latent

the antibiotic use time for longer.

The emergence of antimicrobial resistance has become

one of the major challenges and global concerns.

Antibiotic resistance in nosocomial infections has been

associated with prolonged suffering, economic and social

burdens, and significantly higher mortality.25 Switching

the prescribed drug without microbial culture, use of pro-

phylactic antibiotics, and excessive and inappropriate use

of broad-spectrum antibiotics are the main reasons for

antibiotic resistance in clinical settings. Antimicrobial

stewardship programs along with infection control proto-

cols (ie hand hygiene, keeping infected patients in isolate

rooms, wound clean care and local antibiotic use) could

help to control infections and restrict resistant infection

outbreaks in burn centers.26

Although many infection control and stewardship poli-

cies are accountable to decrease the prevalent infections

and resistance agents, it is of considerable importance to

also be vigilant with patients who are transferred from

other centers, which can break the infection control

chain. For this group of patients, it has been recommended

that they are kept in private and isolate rooms until the

results of their culture are known and first treatments have

been performed for decreasing bacterial colonizations and

infections. In pediatric wards, more restricted policies

must be considered for mobile gadgets like toys.27

According to the conclusion of the current results, focus-

ing on antibiotic treatment of patients especially in prophy-

laxis form or irrational empirical treatment will raise

resistance to nosocomial infection and its control will be

more difficult. It is very important to know that antibiotic

resistance is accelerated by the misuse and overuse of anti-

biotics, as well as poor infection prevention and control. Based

on this, we must try to perform clean care treatments and do

strict infection control programs especially in burn settings,

with the following comments:28

1) design an action plan to tackle antibiotic resistance; 2)

improve surveillance of antibiotic-resistant infections; 3)

strengthen policies, programs and implementation of infec-

tion prevention and control measures; 4) regulate and pro-

mote the appropriate use and disposal of quality medicines;

and 5) make information available on the impact of anti-

biotic resistance for clinicians who prescribe antibioti

Conclusion
Appropriate infection control policies, especially clean care,

could be helpful for decreasing the infection rate and resis-

tance pattern and to optimize patient care. Moreover, know-

ing the antimicrobial pattern of resistance in burn centers can

provide suitable treatment for these victims. Knowing the

resistance pattern in the hospital setting, we can manage the

use of antibiotics in kind, time and dose.
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