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A B S T R A C T

Carbapenems are a class of β-lactam antibiotics that are commonly used to treat multidrug-re-
sistant (MDR) Gram-negative bacteria. However, the emergence of carbapenem-resistant strains 
and rapid spread across all continents become a major public health concern. In this regard, we 
aimed to investigate the prevalence and antibiotic resistance pattern of carbapenem-resistant En-
terobacteriaceae (CRE) in an Iranian burn center. This retrospective cross-sectional study was 
performed during three years from March 2018 to March 2021 on burn victims who referred to 
a burn specialist hospital in the North of Iran. All bacterial isolates were differentiated and con-
firmed by standard microbiology methods. Disc diffusion method was applied to determine the 
antibiotic susceptibility pattern. CRE was defined as an isolate resistant to imipenem or/and mero-
penem. Totally, 33 out of 127 (26%) Enterobacteriaceae samples were resistance to carbapenem. 
Also, 66.7% of CRE were isolated from ICU and 33.3% from surgery ward. The majority of CRE 
(66.7%) was associated with surgical site infections (SSIs). The most prevalent CRE among the 
clinical samples was Klebsiella spp. (75.8%), followed by Escherichia coli (12.1%), Proteus spp. 
(9.1%), and Enterobacter spp. (3%), respectively. The antibiotic susceptibility pattern showed 
amikacin with 53.3% susceptibility as the most effective agents against CRE isolates. Despite the 
low level of CRE in our study, the high level of drug resistance among these isolates necessitating 
the use of unique infection control strategies and rigorous adherence to these guidelines.
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1. Introduction

Healthcare-associated infections (HAIs), also known as 
nosocomial infections, are a public health concern, be-
cause they are linked to additional medical complications, 
and increased morbidity and mortality. These infections 
frequently occur after hospitalization and the symptoms 
appear after 48-72 hours [1, 2]. The prevalence of HAIs 
is about less than 10% in developed and slightly more in 
developing countries [3], also depending on the type of 
infection, the mortality rates ranges from 2.3% to 14.4% 
[4]. The risk for HAIs depends on the facility’s infection 
control practices, the patient’s immunological condition, 
and the community’s prevalence of various pathogens. 
Other risk factors that are important in causing HAIs are 
staying in an intensive care unit (ICU), Immunosuppres-
sive drugs, the age and sex of the patient [5-7]. 

The most challenging HAIs can be caused by the pres-
ence of invasive devices including catheter-associated 
bloodstream infection (CABSI), ventilator-associated 
pneumonia (VAP), and catheter-associated urinary tract 
infection (CAUTI) [8, 9]. The most frequently isolated 
microorganisms in HAIs are Escherichia coli, Methicil-
lin-resistant Staphylococcus aureus (MRSA), Pseudomo-
nas aeruginosa, and other non-pseudomonas Gram-neg-
ative bacteria [10]. The impact of HAIs is not limited to 
the patient’s level but also affects the community because 
it is associated with multidrug-resistant (MDR) infections 
[11]. Unfortunately, antimicrobial resistance in HAIs has 
increased dramatically within the past decade, such in-
fections usually originate endogenously from the micro-
bial components of the individual’s microbiome. Many 
of which are showing a natural resistance against a few 
antibiotics and can subsequently cause infections that are 
difficult or even impossible to treat [12].

Carbapenems are a class of atypical β-lactam antibiot-
ics that are used to treat HAIs caused by multidrug-resis-
tant (MDR) organisms. Carbapenems are also safer to use 
than other last-line medications like polymyxins because 
they have fewer side effects. However, the emergence 
of CRE and rapid spread across all continents, primari-
ly among Gram-negative bacteria become a major public 
health concern [13-15]. In this regard, we aimed to in-
vestigate the prevalence and antibiotic resistance pattern 
of carbapenem-resistant Enterobacteriaceae (CRE) in an 
Iranian burn center.

2. Material and methods

2.1 Study design
This retrospective cross-sectional study was performed 

during three years from March 2018 to March 2021 on 
burn victims who referred to a burn specialist hospital in 
the North of Iran. The demographic and clinical informa-
tion of patients whose culture results are positive for CRE 
was entered during the study. This information includes 
age, gender, underlying diseases, burn percentage, and 

duration of hospitalization.
This study design approved by the regional ethics com-

mittee of Guilan University of Medical Sciences (IR.
GUMS.REC.1400.462). Because of the retrospective na-
ture of study, the committee waived the need for informed 
consent. However, all patients’ personal information will 
remain confidential.

2.2 Microbiological methods
All samples as a part of the routine laboratory process 

were taken from patients and transferred to the microbiol-
ogy laboratory of studied hospital. Then the samples were 
immediately cultured in blood agar and McConkey agar 
and incubated at 37 °C for 24 hours. Plates, where bac-
teria did not grow, were incubated for another 24 hours. 
After bacterial growth, all samples were differentiated and 
confirmed by standard microbiology methods include, 
Gram stain, catalase test, oxidase test, citrate utilization 
test, indole test, motility test, methyl red (MR) test, Vog-
es-Proskauer (VP) test, triple sugar iron (TSI) agar test, and 
urease test. Disc diffusion method was applied to deter-
mine the antibiotic susceptibility pattern on Mueller–Hin-
ton agar (Merck, Germany) according to the Clinical and 
Laboratory Standards Institute (CLSI) recommendations. 
Also, the selection of antimicrobial disks (Padtanteb, Iran) 
and interpretation of results for each pathogen was also 
based on CLSI guidelines. Escherichia coli ATCC 25922 
were used for the standard control strains. CRE was defined 
as an isolate resistant to imipenem or/and meropenem.

2.3 Statically analysis
All data sorted and included in SPSS™ software, ver-

sion 24 (IBM Corp., USA) for analysis. For data anal-
ysis, descriptive statistics in terms of relative frequency 
were applied. To describe the results, mean ± standard 
deviation for continuous variables and percentages of the 
group for categorical variables were used.

3. Results

During the study period, a total of 127 Enterobacteriace-
ae were isolated from clinical samples. Of which, 33 out of 
127 (26%) isolates were CRE. The mean hospital stay was 
25.3 ± 63.3 days. Also, 66.7% of CRE were isolated from 
ICU and 33.3% from surgery ward. The majority of CRE 
(66.7%) was associated with surgical site infections (SSIs). 
In addition, most of the CRE was isolated from patients 
with burn percentages between 25 and 50. The detailed 
results of patients infected with CRE presented in Table 
1. The most prevalent CRE among the clinical samples 
was Klebsiella spp. (75.8%), followed by Escherichia coli 
(12.1%), Proteus spp. (9.1%), and Enterobacter spp. (3%), 
respectively. The antibiotic susceptibility pattern showed 
amikacin with 53.3% susceptibility as the most effective 
agents against CRE isolates. The full antibiotic susceptibil-
ity pattern of CRE isolates presented in Table 2.
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Table 1. Demographic and clinical characteristics of 33 patients 
infected with CRE

Gender

Male 69.7

Female 30.3

Age (year)

Mean ± SD 41.2 ± 19.6

Min - Max 4 - 85

Source of isolation (%)

ICU 66.7

Surgery ward 33.3

Type of infection (%)

SSIs 66.7

BSI 12.1

UTI 12.1

VAP 9.1

Burn percentage (%)

1-25 18.2

26-50 54.5

51-75 15.2

76-100 12.1

Outcome (%)

Death 42.4

Discharged 57.6

Table 2. Antibiotic susceptibility pattern of CRE isolates

Antibiotics Resistant (%) Intermediate (%) Susceptible (%)

Cefotaxime 100 0 0

Ciprofloxacin 95.6 0 4.4

Gentamicin 89.7 3.4 6.9

Cefepime 68.2 9.1 22.7

Ceftazidime 68.4 5.2 26.4

Tobramycin 47.6 23.8 28.6

Amikacin 20 26.7 53.3

4. Discussion

A serious consequence in burn patients is burn wound 
infection (BWI), which can cause an increasing degree 
of burn wound depth, healing delay, graft loss, and sepsis 
[16]. Healthcare facilities are increasingly hosting CRE, 
which are linked to high mortality rates [17].

Although the prevalence of carbapenem-resistant is 
increasing, this rate in our study was not remarkable. 
Among the 127 collected Enterobacteriaceae isolates, 
only 26% were resistant to carbapenem. However, this 
rate is higher than the 13% obtained by Dahab et al. in 
2017 and 8.5% by Aminu et al. in 2019. The emergence 
of CRE during a course of treatment could pose a sub-
stantial risk of treatment failure [18]. 

The results showed that the most common CRE were 
Klebsiella pneumoniae with 75.8% and E. coli with 
12.1%. A previous Iranian meta-analysis study showed 

the pooled prevalence of carbapenem-resistant K. pneu-
moniae and E. coli, 24% and 5%, respectively [19]. 

Also, according to our results, the most of CRE were 
isolated from the ICUs. This was in line with the study 
conducted by Correa et al., which showed that the highest 
CRE infection rate was in ICUs [20].

Among antibiotics tested for CRE the most effective 
antibiotics were aminoglycosides, particularly amikacin. 
Despite the several similar reports, antibiotic suscepti-
bility patterns can be varied based on used antimicrobial 
stewardship, time and geographical area [21-23]. 

Retrospective studies are not without limitations. First 
of all, we have only record the pattern of locally available 
antibiotics. Second, the study performed in a tertiary care 
hospital; however, this was the only referral burn center 
in our region. 

Despite the low level of CRE in our study, the high lev-
el of drug resistance among these isolates necessitating 
the use of unique infection control strategies and rigorous 
adherence to these guidelines.
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