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ABSTRACT

Background: The bacterial infections that prevail in the burnt patients continue to be a critical complication in the
burnt patients and vary with time and place. Identification of bacterial pathogens with information of their
antimicrobial susceptibility of burn wounds can help clinicians to select appropriate medication procedure as in
providing them with suitable antibiotic for empirical treatment.

Methods: Retrospective study of thirty-one months (Jan 2015 to July 2017) was designed to evaluate bacteria
involved in burnt wound infection and its antimicrobial susceptibilities in a Burn Intensive Care Unit of Eastern
India. Pus samples were cultured on cysteine Lactose electrolyte deficient agar (Hi-Media, India). Positive bacteria
cultures were identified and tested for antimicrobial susceptibility using VITEK®2 (bioMerieux, Durham, NC,
USA) and interpreted according to Clinical Laboratory Standards Institute guidelines.

Results: Two hundred and seventy-two wound swabs from burnt patients were received, out of which 62.8% (n =
185) were revealed as positive for the presence of bacteria. Pseudomonas aeruginosa, Klebsiella pneumoniae, Aci-
netobacter baumannii and E. coli were discovered to be the most common organisms in patients. Isolated bacteria
were least resistant to TIGECYCLINE and COLISTIN.

Conclusion: Data regarding the incidence of pathogens and their resistance patterns would benefit the clinicians to
prescribe appropriate antibiotics, articulating policies for empirical antimicrobial therapy to control the different

types of infections.

1. Introduction

Infections persist as an important complication and cause of mortality
in the burn patients [1]. Disrupted skin barrier, involvement of larger
burnt area, immunocompromised effects of burns and prolonged stays at
the hospitals were major risk factors for initiating infection [2]. The burn
wound infection is characterized by the change in the manifestation of
burn wounds, such as rapid eschar separation, dark brown, black or
violaceous discoloration of the eschar or edema at wound margin. It is
also illustrated by the organism isolated from blood culture in the
absence of other identifiable infection with following characteristic:
fever (>37.5 °C) or hypothermia (<35.5 °C), hypotension (systolic
pressure below 90 mmHg), oliguria (<20 mL/h), hyperglycemia or
mental confusion [3]. Although a significant improvement like haemo-
dynamic stabilization, treatment of airway and intensive care for burn
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victims has been established, 75% of all deaths following thermal injuries
are related to infection [1].

Use of antibiotics as systemic prophylactic is a common practice with
burnt patients [4]. Drug resistant bacteria with intrinsic resistance to-
wards antibiotics, ability to survive longer in the hospital environment
and hand to hand transmission of bacteria reflects their easy spread and
cause outbreaks [5, 6]. Extensive drug resistance (XDR) and pandrug
resistant (PDR) strains were classified as non-susceptible to at least one
agent in all but two or fewer antimicrobial categories and non-susceptible
to all agents in all antimicrobial categories respectively by ECDC and CDC
[7]1. The bacterial infections in burnt patients vary both with time and
place [8, 9]. Thus, a continuous surveillance and update of antibiotic
resistance pattern of micro-organisms is essential for infection control
programs and accurate antibiotic treatment in the burnt patients. In the
present retrospective study, we have evaluated bacterial pathogens iso-
lated from wounds of patients admitted in Burn Care Unit and their
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antibiotic resistance pattern to know the trend over a period of thirty one
months.

2. Materials and methods

A retrospective study of bacteria isolates and their antibiotic sus-
ceptibility from wound swabs of patients admitted to the Burn Care Unit
of a tertiary care hospital, Jharkhand, India during January 2015 to July
2017 was carried out. The pus/wound swabs obtained from individual
burnt patients were processed to identify the bacteria and determine
their antibiotic susceptibility. Wound swabs were collected and trans-
ported to the laboratory. Swabs were cultured aerobically in blood agar
(Hi-Media, India) and CLED agar (Hi-Media, India). Identification and
antibiotic susceptibility of positive cultures was done by VITEK® 2
compact system (bioMerieux, USA) using the ID-GNB, AST-N280 cards
(bioMerieux, USA) for Gram's negative bacteria and ID-GPB, AST-P628
(bioMerieux, USA) for Gram's positive bacteria, in accordance with the
manufacturer's instructions. Briefly, single colony was taken and made
suspension in normal saline. The OD of bacterial suspensions was
adjusted to 0.5. Finally the Vitek Tubes were shaking well before putting
in Vitek machine to maintain homogenous suspension. The antimicrobial
susceptibility testing card contained following antibiotics: AMPICILLIN,
AMOXICILLIN/CLAVULANIC ACID, AMIKACIN, CEFTRIAXONE, CIP-
ROFLOXACIN, CO-TRIMAXAZOLE, CEFOPERAZONE/SULBACTAM,
COLISTIN, CEFUROXIME, GENTAMICIN, IMIPENEM, MEROPENEM,
NITROFURAN, PIPERACILLIN/TAZOBACTAM and TIGECYCLINE.
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923 and
Pseudomonas aeruginosa ATCC 27853 were used as controls. Results were
interpreted as recommended by the Clinical and Laboratory Standards
Institute (CLSI) in 2015 and 2016 (M100-S24 and M100S, 26th Ed.). The
MIC breakpoint used to identify bacteria susceptible for colistin was 2
mg/] and tigecycline was 1 or 2 mg/1 [10].

3. Statistical analysis

Data was stored and managed in Microsoft Excel. All the Statistical
calculations and plots were executed using R programming. The logistic
regression was performed in GUIDeducerR [11].

4. Results

Two hundred and ninety nine pus samples were received from
wounds of burnt patients. These samples were collected from 169 fe-
males and 130 males. The median age of the patient was 35 (range 1
year-79 years). Out of the total wound swabs collected, 61.87% (n =
185) were culture positive for bacterial infection in which 112 were from
female patients and 73 were from male patients (Table 1). The distri-
bution of patients with positive bacterial infection showed that16.76%,
35.68%, 22.7%, 15.14% and 9.73% patients were of 0-15 year's age
group, 16-30 years age group, 31-45 years age group, 46-60 years age
group and greater than 60 years of age respectively (Table 2). In case of
female, the highest numbers of bacterial infections 41.96% (47/112)
were found in the age group of 16-30 years whereas in male the highest

Table 1. Detail of burn patients.

Infected patients N (%) Non-infected patients N (%)

Patients (n) 185 (61.87) 114 (38.13)
Male 73 (39.46) 57 (50)
Female 112 (60.54) 57 (50)
Age (in years)

Range 1-76 years 1-82 years
Median 29 years 30.05 years
Average 32.70 years 34.51 years
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Table 2. Age and sex distribution of burn patients with positive bacterial wound
infection.

Age (in years) Male N (%) Female N (%) Total N (%)

0-15 24 (32.87) 7 (5.73) 31 (16.93)
16-30 19 (26.02) 47 (38.52) 66 (35.67)
31-45 19 (26.02) 23 (18.15) 42 (22.70)
46-60 9 (12.32) 19 (15.57) 28 (15.13)
>61 2(2.73) 16 (13.11) 18 (9.73)

numbers of bacterial infection 26.03% (19/73) were found in the age
group of both 16-30 and 31-45 years. Logistic regression analysis was
performed to evaluate the relation of infection with sex and age. The odds
of getting an infection for a female burnt patients is approximately 65%
higher than male burnt patients (p value = 0.045). There was no sig-
nificant relationship of bacterial infection with age (p value = 0.212) was
observed (Table 3).

Identification of positive bacterial cultures revealed the presence of
eight genera belonged to Pseudomonas, Klebsiella, Acinetobacter, Escher-
ichia, Enterobacter, Burkholderia, Staphylococcus and Proteus (Table 4).
Pseudomonas spp (43%) was the commonest pathogen isolated from
wound of burnt patients followed by Klebsiella pneumoniae (28%), Acine-
tobacter baumannii (14.83%), E. coli (6.59%), Enterobacter cloacae (2.20%),
Burkholderia cepacia (1.65%), Staphylococcus aureus (1.62%) and Proteus
mirabilis (1.10%). Antimicrobial sensitivity data for the most frequently
isolated organisms are shown in Figure 1/Table 5. Antibiotic susceptibility
result showed that 71.25% (N = 57) and 16.25% (n = 13) Pseudomonas
spp isolates were extensively drug-resistant and pandrug resistant
respectively (Table 5). Extensively drug-resistant Pseudomonas spp were
susceptible to COLISTIN (82.5%). All the K. pneumoniae isolates were
resistant to AMPICILLIN, CEFUROXIME, CEFTRIAXONE and CEFEPIME.
Out of 51 K pneumoniae isolates, 29.41% (n = 15) were labeled as multi
drug-resistant and 68.63% (n = 35) were labeled as extensively drug-
resistant respectively. Among XDR K. pneumoniae isolate, 17.14% (n =
6) were susceptible to only COLISTIN, 5.71% (n = 2) were susceptible to
only TIGECYCLINE and 74.29% (n = 26) were susceptible to both

Table 3. Logistic regression for presence of bacterial infection in wounds of burn
patients.

p Coefficient St Error Z-Value P-Value OR 95% CI
Age -0.008 0.007 -1.247 0.212 0.992 0.979-1.004
Gender 0.503 0.250 2.008 0.045 1.653 1.014-2.709

Predictor values are coded as follows: Female = 1, Male = 0; Bacteria growth in
pus sample (Infection) = 1, No growth (No infection) = 0.

Table 4. Distribution of micro-organismsisolated from burn wound.

Species Abundance (%) XDR PDR

N (%) N (%)
Pseudomonas aeruginosa (43.0) 56 (72.72%) 11 (14.28%)
Klebsiella pneumoniae (28.0) 35 (68.63%) 1 (1.96%)
Acinetobacter baumannii (14.83) 25 (92.59%) 2 (7.41%)
Escherichia coli (6.59) 7 (58.33%) 0
Enterobacter sp. (2.2) 4 (100%) 0
Pseudomonas luteola (2.18) 1 (25.0%) 2 (50.0%)
Burkholderia cepacia (1.65) 3 (100%) 0
Staphylococcus aureus (1.62) 0 0
Proteus mirabilis 1.1) 2 (100%) 0
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Figure 1. Antibiotic resistant pattern of bacteria isolated from burn wound (A) Heat Map of antibiotic susceptibility pattern of bacteria isolated from burnt patients
and (B) Box plot of number of antibiotic resistance detected in bacteria.

Table 5. Relative frequency of resistance (%) to antibiotics in bacteria prevalent in burn wounds.

Antibiotics E. coli Proteus mirabilis Burkholderia cepacia Pseudomonas species Klebsiella pneumoniae Acinetobacter baumannii Enterobacter cloacae
Amoxycillin/Clavulanic Acid 81.81 100 100 100 100 100 100
Ceftriaxone 81.81 100 100 97.37 100 100 100
Nalidixic Acid 81.81 100 100 96.05 92.16 100 100
Cefepime 72.72 100 100 94.74 100 100 100
Gentamicin 72.73 100 100 94.74 98.04 100 100
Amikacin 72.73 100 100 89.47 90.2 100 100
Ampicillin 100 100 100 98.68 100 100 100
Cefuroxime 90.91 100 100 96.05 100 100 100
Co-trimoxazole 90.91 100 100 100 89.8 96.3 100
Ciprofloxacin 63.64 100 100 96.05 88.24 100 100
Cefoperazone/Sulbactam 63.64 100 100 92.11 88.24 96.3 100
Imipenem 63.64 100 100 89.47 84.31 100 100
Meropenem 54.55 100 100 90.79 78.43 100 100
Piperacillin/Tazobactam 63.64 50 100 96.05 88.24 100 100
Tigecycline 9.09 50 0.00 50 11.76 11.11 25
Colistin 9.09 50 66.67 15.79 7.84 7.41 0.00

COLISTIN/TIGECYCLINE. Except two, all Acinetobacter baumannii isolates
were labeled as extensively drug-resistant and were susceptible to
COLISTIN (92.59%) and TIGECYCLINE (88.89%). In E. coli isolates, the
highest resistance was seen for AMPICILLIN (100%) followed by
CEFUROXIME  (91.67%), TRIMETHOPRIM/SULFAMETHOXAZOLE
(91.67%), CEFTRIAXONE (83.33%), AMOXYCILLIN/CLAVULANIC ACID
(83.33%), CEFEPIME (75%), CEFOPERAZONE/SULBACTAM (66.67%),
AMINOGLYCOSIDES (66.67%), CIPROFLOXACIN (66.67%) and PIPER-
ACILLIN/TAZOBACTAM (58.33%). Low resistance levels were seen for
MEROPENEM (50%), TIGECYCLINE (8.33%) and COLISTIN (8.33%).
Enterobacter cloacae isolates were resistant to all tested antibiotic except
COLISTIN and TIGECYCLINE. Burkholderia cepacia and Proteus mirabilis
isolates were only susceptible to TIGECYCLINE.

5. Discussion
Nosocomial infection in the burnt patients is major challenge for a

clinician [12]. It has been estimated that 75% of all deaths in burnt pa-
tients were associated with infections [13]. Prolonged use of antibiotics

leads to the development as well as selection of multidrug resistant
(MDR) bacteria which results in treatment failure and intensifies the
complications. Thus, the information of microbial flora and the current
antibiotic susceptibility patterns are important for the clinician treating
burn sepsis. In the present retrospective study, one hundred and eighty
five (61.87%) bacteria have been isolated from the wounds of burnt
patients were analyzed. Among the culture positive samples, 112
(60.54%) were from female patients and 73 (39.46%) were from male
patients. The most commonly isolated organisms were Pseudomonas
species (43%). Klebsiella pneumoniae and Acinetobacter baumannii were
second and third predominant bacterial pathogen with a prevalence
of28% and 14.83% respectively. Similar finding with P. aeruginosa a
predominant isolate followed by K. pneumoniae and A. baumannii in a
tertiary care hospital in India were also reported [14, 15, 16, 17]. High
prevalence of these pathogens is associated with their ability to flourish
well in a moist environment and persistence in hospital environment [18,
19]. A number of studies showed that Staphylococcus aureus to be a
predominance etiological agent in burn wound infection [20, 21].
However, in India, incidence of S. aureus infection was quite significant
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but was next only to Pseudomonas spp [14, 15, 16, 17]. In contrast, in the
present study we found very less number of S. aureus in burn wounds
with a prevalence of 1.62% (n = 3). The variation in isolated bacteria in
burn wounds has been attributed to the difference in treatment practices
in the different geographical locations.

The antibiogram studies indicate the emergence of extensively drug-
resistant and pandrug resistant strains. The isolates were exhibited
resistance to the commonly used antibiotics as well as new generation
antibiotics. In contrast to other studies, the incidence of resistant to
MEROPENEM (83.78%), IMIPENEM (85.41%) AMIKACIN (87.03%) and
CIPROFLOXACIN (89.19%) are much higher in our study [8, 16, 21, 22].
COLISTIN disrupts the structure of the outer membrane and hence not
required active target for antibiotic action whereas TIGECYCLINE is a
broad-spectrum semisynthetic glycylcycline which is shortly introduced
commercially with high susceptibility rate [23]. These two antibiotics are
currently used as the last resort to the treatment of Carbapenem resistant
gram-negative bacterial infections.

In this study, 12.95% and 28.64% isolates were resistant to COLISTIN
and TIGECYCLINE respectively. This derivation is definitely alarming as
colistin and tigecycline resistant isolates increase the catastrophic effect
with reduced treatment options. Such high resistance may be because of
the excessive usage of these antibiotics in the hospitals that leads to the
development of multiple drug resistance pathogens.

The present study based on the automated VITEK 2 system for iden-
tification and antimicrobial susceptibility testing of the isolated that
provide accurate result in tests for most of the clinical isolates and
remove the requirement of human analysis and error of results [24].
However, it is mandatory to calibrate the system with ATCC strains to
update the software. As there is no as well as required MIC determination
of colistin by broth dilution method.

6. Conclusion

The dryness in the pipeline of new antibiotic and emergence of
extensively drug-resistant as well as pandrug resistant strains pointing
the current need toward active microbial surveillance in all clinical set-
tings and prudent use of antibiotics. Data regarding the prevalence of
microorganisms and their resistance patterns would definitely benefit the
clinician to prescribe appropriate antibiotics, especially in resource
limited countries. This also helps in formulating policies for empirical
antimicrobial therapy to control infections.
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