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Burns constitute a major health concern with respect to morbidity and mortality; due to the risk of burn 
wounds infections caused by multi-drug resistant nosocomial pathogens. The present study was 
carried out to recover, identify the isolates, and to determine the antimicrobial susceptibility patterns of 
these pathogens from burn wounds in Khyber Teaching Hospital (KTH) Peshawar, during September 
2007 to June 2008. A total of 119 bacterial isolates were recovered from 170 non-duplicate samples 
collected aseptically from admitted patients in the burn unit of KTH. The most commonly isolated 
pathogens were Staphylococcus aureus (69, 57.98%), Pseudomonas aeruginosa 23 (19.33%), Klebsiella 
pneumoniae (10, 8.40%), Proteus spp. (5, 4.20%), Staphylococcus epidermidis (4, 3.36%) Escherichia 
coli + Enterobacter spp. (3, 2.52%) each and Citrobacter spp. / Serratia spp. (1, 0.84%) each. 
Antimicrobial susceptibility was determined by disc diffusion using Kirby-Bauer method following 
Clinical and Laboratory Standards Institute (CLSI) guidelines. Among the S. aureus, 56 (81.16%) were 
MRSA. Most of the strains, including MRSA were multidrug resistant. These strains revealed high 
degree of resistance to all antibiotics used in the present study. However, Linezolid showed maximum 
effectiveness against MRSA. 
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INTRODUCTION 
 
Burns are the most devastating of injuries and burn 
patients may suffer from their complications for the rest of 
their lives. In spite of the recent advances in burn care, 
still high mortality and significant morbidity is noted in 
terms of complications associated with burn wounds 
(Noronha and Almeida, 2000). In developing countries, 
more than 90% of fatal fire-related burns occur, over half 
of which alone occur in South East Asia (Ahmad et al., 
2006). Data collected from different areas of the world 
shows that 75% of deaths in burn patients are due to 
infections of burn wounds (Rooh-ul-Muqim et al., 2007; 
Wibbenmeyer et al., 2006). More than 10,000 Americans 
die every year from infections associated with burns 
(Bang et al., 1998; Holm et al., 2004).  

The skin barrier is the natural guard to prevent the 
entry of pathogenic organisms inside the body. 
Destruction of skin barrier provides favorable entry site 
for the bacteria to invade and grow (Wibbenmeyer et al., 
2006). Wound sepsis remains the most dangerous out-
come in patients who have suffered major burn injuries 
and leads to overwhelming mortality among patients with 
extensive burn wounds (Hansbrough, 1987). Burn 
wounds will almost inevitably be colonized by microorga-
nisms within 24 to 48 h and this may remain as localized 
infection. In addition, there may bacteremia or septicemia 
and metastatic infections may develop at other body sites 
(Mokaddas et al., 1996). Bacteremia is a common cause 
of fatality in severe burns patients and may occur any
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time from the first day until the point when all the wounds 
have entirely healed (Al-Hoqail, 1996). Other major 
factors responsible for mortality in burn victims are fluid 
and protein loss, pulmonary edema and pneumonia 
(Mason et al., 1986). 

The presence of large areas of devitalized, necrotic 
tissue, coupled with the profound immune-suppression 
that usually follows major burn injuries, sets the stage for 
rapid microbial proliferation in the wounds; when 
microbes invade adjacent, previously viable tissues, 
invasive burn wound sepsis is developed. Topical 
antimicrobial drugs probably have only a limited role in 
preventing wound sepsis, and organisms now frequently 
emerge that are resistant to commonly used topical 
agents (Hansbrough, 1987). Burn injuries provide 
favorable sites for colonization and growth of microor-
ganisms acquired from body’s own indigenous flora, flora 
of the hospital staff or from the environment surrounding 
these patients (Kehinde et al., 2004; Applegren et al., 
2002). Immediately after injury, burned tissues contain no 
microorganisms. Within 24 h microbial colonization 
occurs. Gram Positive organisms grow first, followed by 
colonization of Gram negative species (Bowler et al., 
2001). Organisms, which are leading causes of infec-
tions, are E. coli, Klebsiella spp., Enterobacter spp. 
Streptococcus spp., Acinetobacter spp., Clostridium 
perfringens, Pseudomonas aeruginosa and 
Staphylococcus aureus (Vindenes and Bjerknes, 1995). 
Other organisms, such as Serratia marcescens, 
Staphylococcus epidermidis, and Candida spp., are more 
prevalent several days after injury (Taylor et al., 1992). 
Predicted mortality rises by 50% when Gram- negative 
organisms are associated with bacteremia in burn 
patients (Mason et al., 1986). Cost associated with the 
management of burn patients is also too high, particularly 
in developing countries like Pakistan (Rooh-ul-Muqim et 
al., 2007). This could also contribute to incomplete and 
hence ineffective management of burn patients, contri-
buting to emergence of resistance in pathogens. 

Increasing antibiotic use and misuse in humans, 
animals, agriculture, along with poor infection control 
strategies and some other factors have been reported for 
increasing resistance to commonly used antimicrobial 
agents. The current study was conducted to determine 
the antimicrobial susceptibility of some common bacterial 
isolates from burn wounds in Peshawar to help policy 
makers in formulation of strategies for rational and 
effective use of antimicrobial agents. This might help in 
the control of spread of antibiotic resistance genes in the 
community and in the reduction of morbidity and mortality 
associated with better management of burn wound 
patients. 
 

 
MATERIALS AND METHODS 
 

The present study was carried out in the microbiology section of 
Pathology  laboratory, Khyber Teaching Hospital (KTH), Peshawar, 

 
 
 
 
between September 2007 and June 2008. KTH is one of the three 
large tertiary care hospitals of Peshawar, with 1200 beds facility. It 
serves as one of the major health care facilities in public sector for 
the population of Peshawar and surrounding cities, towns and 
villages of Khyber Pakhtunkhwa. It is the only hospital in the 
province having a fully equipped burn patient’s care unit. 

A total of 119 bacterial pathogens were isolated from 170 non-
duplicate samples. The specimens collected on sterile cotton swabs 
consisted of pus, received from admitted patients, in burn unit of the 
hospital. Fresh specimens were inoculated within 2 h of collection 
onto blood agar and MacConkey (Oxoid, UK) incubated overnight 
(18-24 h) in air at 37°C. Recovered bacteria were further identified 
by Gram staining and biochemical tests. Antimicrobial susceptibility 

was determined by disc diffusion method following Clinical and 
Laboratory Standards Institute (CLSI) guidelines (CLSI, 2006). 

Bacterial cells suspension was prepared and spread on the 
surface of Mueller-Hinton agar (Oxoid, UK). Commercially available 
antimicrobial agents containing discs obtained from Oxoid (UK) 
were used and the results obtained were interpreted according to 
the CLSI guidelines. Discs of the following antibiotics were used: 
Amoxicillin + Clavulanic acid (AMC) Amoxicillin (AML) Oxacillin 
(OX) Piperacillin + Tazobactam (TZP) Cephradine (CE) Ceftazidime 

(CAZ) Ceftizoxime Sodium (ZOX) Cefpirome (CPO) Ciprofloxacin 
(CIP) Enoxacin (ENX) Erythromycin (E) Amikacin (AK) Gentamycin 
(CN) Doxycycline (DO) Trimethoprim + Sulphamethoxazole (SXT) 
Cefoperazone + Sulbactam (SCF) and Linezolid (LZD) (Oxoid, UK). 
After overnight incubation at 37°C in air, plates were examined for 
zones of inhibition. The results were recorded as sensitive (S), 
intermediate (I) and resistant (R) for each microorganism and 
antimicrobial agent tested. A patient Performa was designed for 
recording patient’s information and pathogens details including 

susceptibility pattern. The data were transferred from the Performa 
to a computer worksheet and evaluated. 
 
 
RESULTS 
 
A total of 119 (70%) bacterial isolates were recovered 
from 170 non-duplicate samples collected from burn 
wounds patients. Out of these, 74(62.1%) were isolated 
from male patients and 45 (37.9%) from female patients.  

Age of the patients varied from 1 day to 65 years. 
Majority of the patients (31.09%) with burn wounds infec-
tions were in the age range group of 25-34 years, 
children below 5 year of age were 15.1%, 14.2% were in 
the age range 5-14 years group, 15.96% in the 15-24 
years age group, 10.08% were in the 35-44 years age 
group, 6.72% in the age range group of 45-54 years, 
4.2% in the 55-64 years age range and only 2.5% 
patients were > 65 years of age (Figure 1).  
Out of 119 isolates recovered from burn wounds sam-
ples, 73 (61.3%) were Gram positive cocci and 46 
(38.4%) were Gram negative bacilli. Amongst recovered 
pathogens, 69 (57.98%) were S. aureus, 23 (19.33%) 
were P. aeruginosa, 10(8.4%) K. pneumoniae, 5 (4.2%) 
Proteus spp., 4(3.36%) S. epidermidis and 3 (2.52%) 
each were E. coli and Enterobacter spp., 1(0.84%) were 
each Citrobacter spp. and Serratia spp. S. aureus was 
the most commonly recovered pathogen from burn 
wounds in this study. Within S. aureus isolates, only 13 
(18.84%) were methicillin-sensitive S. aureus (MSSA) 
while 56 (81.16%)  were methicillin-resistance S. aureus
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Figure 1. Age wise distribution of burn patients infected during this study (n =119). 

 
 
 

 
 
Figure 2. Distribution (% age) of various species of bacteria recovered (n =119). 

 
 
 
(MRSA) (Figure 2). 

All the recovered isolates of S. aureus (100%) exhibited 
resistance to Trimethoprim + Sulphamathoxazole (SXT) 
and Ceftizoxime sodium. This was followed by Amoxicillin 
+ Clavulanic acid (97.10%), Cephradine (91.30%), 
Amoxicillin (89.86%), Cefpirome, Ciprofloxacin and 
Erythromycin (86.96% each). Doxycycline and Linezolid 
were the most effective drugs because only 31.88 and 
17.39% of S. aureus isolates exhibited resistance, res-
pectively to these antibiotics tested (Table 1). Suscep-
tibility pattern for all the rest of the tested organisms is 
given in Table 1.  
 
 
DISCUSSION 
 
Any  microorganism  is  considered a pathogen, if it is  

capable of causing infection in patients with intact 
immune system while other bacteria are opportunistic 
pathogens, causing disease only when the host defenses 
are not normal. Burn injuries provide favorable site(s) for 
both of these types of microorganisms promoting growth 
and multiplication leading to infection (Kobayashi et al., 
2005). 

As the size of the wound increases, the risk of infection 
also increases. In Kuwait, studies conducted on burn 
patients, reported that infection with systemic sepsis was 
the major cause of death in burn patients; 63 to 75% 
deaths were associated with sepsis (Bang et al., 1998; 
Sanyal et al., 1998). 

Cross infections rapidly increase between different burn 
patients due to overcrowding in burn units. This has 
made the situation more complicated because of the 
wider  spectrum  of involved pathogens which vary from 
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Table 1. Antimicrobial susceptibility pattern of the bacterial Isolates recovered from burn wounds (n=119)  

 

S/N Antiboitic 
Klebsiella pneumoniae (n=10) Proteus spp. (n=5) E. coli ( n=3) Pseudomonas aeruginosa (n=23) Enterobacter spp. (n=3) S. epidermidis (n=4) S. aureus (n=69) 

R I S R I S R I S R I S R I S R I S R I S 

1 AMC 10 (100%) 0 0 5 (100%) 0 0 3 (100%) 0 0 22 (95.65%) 0 1 (4.35%) 3 (100%) 0 0 4(100%) 0 0 67(97.1%) 0 2(2.9%) 

2 AML 10 (100%) 0 0 5 (100%) 0 0 3 (100%) 0 0 22 (95.65%) 0 1 (4.35%) 3 (100%) 0 0 4(100%) 0 0 62(89.85%) 2(2.9%) 5(7.25%) 

3 TZP 6 (60%) 1 (10%) 3 (30%) 3 (60%) 1 (20%) 1 (20%) 1 (33.3%) 1 (33.3%) 1 (33.3%) 12 (52.18%) 3 (13.04%) 8 (34.78%) 3 (100%) 0 0 3(75%) 1(25%) 0 54(78.26%) 5(7.25%) 10(14.49%) 

4 CE 10 (100%) 0 0 5 (100%) 0 0 3 (100%) 0 0 22 (95.65%) 0 1 (4.35%) 3 (100%) 0 0 4(100%) 0 0 63(91.3%) 3(4.35%) 3(4.35%) 

5 CPO 10 (100%) 0 0 3 (60%) 1 (20%) 1 (20%) 3 (100%) 0 0 19 (82.61%) 4 (17.39%) 0 3 (100%) 0 0 4(100%) 0 0 60(86.95%) 6(8.7%) 3(4.35%) 

6 ZOX 10 (100%) 0 0 5 (100%) 0 0 3 (100%) 0 0 - - - 3 (100%) 0 0 4(100%) 0 0 69(100%) 0 0 

7 CAZ 10 (100%) 0 0 3 (60%) 2 (40%) 0 3 (100%) 0 0 20 (86.96%) 3 (13.04%) 0 3 (100%) 0 0 4(100%) 0 0 - - - 

8 SCF 7 (70%) 2 (20%) 1 (10%) 3 (60%) 0 2 (40%) 0 3 (100%) 0 15 (65.22%) 3 (13.04%) 5 (21.74%) 1 (33.3%) 1 (33.3%) 1 (33.3%) 3(75%) 1(25%) 0 56(81.16%) 10(14.49%) 3(4.35%) 

9 CIP 7 (70%) 3 (30%) 0 2 (40%) 3 (60%) 0 2 (66.6%) 0 1 (33.3%) 14 (60.87%) 0 9 (39.13%) 2 (66.6%) 0 1 (33.3%) 3(75%) 1(25%) 0 60(86.95%) 2(2.9%) 7(10.15%) 

10 ENX 9 (90%) 0 1 (10%) 4 (80%) 1 (20%) 0 2 (66.6%) 0 1 (33.3%) 15 (65.22%) 5 (21.74%) 3 (13.04%) 3 (100%) 0 0 3(75%) 1(25%) 0 58(84.05%) 7(10.15%) 4(5.8%) 

11 E 10 (100%) 0 0 4 (80%) 1 (20%) 0 2 (66.6%) 1 (33.3%) 0 20 (86.96%) 2 (8.70%) 1 (4.35%) 3 (100%) 0 0 4(100%) 0 0 60(86.9%) 6(8.6%) 3(4.3%) 

12 CN 10 (100%) 0 0 4 (80%) 0 1 (20%) 2 (66.6%) 0 1 17 (73.91%) 2 (8.70%) 4 (17.39%) - - - 2(50%) 2(50%) 0 53(76.82%) 7(10.1%) 9(13%) 

13 AK 4 (40%) 6 (60%) 0 3 (60%) 1 (20%) 1 (20%) 2 (66.6%) 1 (33.3%) 0 12 (52.17%) 6 (26.09%) 5 (21.74%) 3 (100%) 0 0 2(50%) 2(50%) 0 35(50.73%) 12(17.3%) 22(31.8%) 

14 DO 10 (100%) 0 0 5 (100%) 0 0 3 (100%) 0 0 17 (73.91%) 2 (8.70%) 4 (17.39%) - - - 0 0 4(100%) 22(31.8%) 19(27.5%) 28(40.5%) 

15 SXT 10 (100%) 0 0 5 (100%) 0 0 3(100%) 0 0 19 (82.61%) 2 (8.70%) 2 (8.70%) 3 (100%) 0 0 4(100%) 0 0 69(100%) 0 0 

16 LZD - - - - - - - - - - - - - - - 0 0 4 12(17.3%) 14(20.2%) 43(62.3%) 

17 OX - - - - - - - - - - - - - - - - - - 56(81.1%) 0 13(18.8%) 
 

AMC, Amoxicillin+Clavulanic acid; AML, Amoxicillin; TZP, Piperacillin+Tazobactum; CE, Cephradine; CPO, Cefpirome; ZOX, Ceftizoxime sodium; SCF, Cefoperazone+Sulbactam; CIP, Ciprofloxacin; 
ENX, Enoxacin; E, Erythromycin; CN, Gentamicin; AK, Amikacin; DO, Doxycycline; STX, Trimethoprim+Sulphamethoxazole; LZD, Linezolid; OX, Oxacillin 
 
 
 
time to time and also vary in different 
geographical localities (Poluszny et al., 2011). 
Different studies have reported different range of 
pathogens involved in burn wound infections. In 
our study, S. aureus (57.98%) and P. aeruginosa 
(19.33%) were the commonest recovered patho-
gens isolated from burn wounds. Some other 
organisms were also isolated in comparatively 
smaller number (Table 1). Among the S. aureus 
isolates, 81.16% were Methicillin-resistant S. 
aureus (MRSA) which are similar to the results of 
the studies conducted by Deng et al. (2007), and 
Karyoute (1989).  

In this study, significantly high percentage of 
resistance among Gram-negative bacilli as well as 
Gram-positive cocci was observed to most of the 

antimicrobial agents tested. Resistance 
percentage of Gram-negative bacilli to Penicillins, 
Cephalosporins, Quinolones, Macrolides, Amino-
glycosides, and other drugs was above 60%. Our 
results of multidrug resistance are similar to the 
results of previous studies conducted by Deng et 
al. (2007), Messadi et al. (2008) and Thabet et al. 
(2008).  

Burn unit of KTH is the only facility available for 
the management of burn patients in Khyber 
Pakhtunkhwa with an estimated population of 
around 20 Millions. Due to prolonged hospital stay 
of patients in this unit, overcrowding, burn wound 
sepsis, nosocomial infections, high cost of medi-
cation all contribute to the emergence of multidrug 
resistant organisms. Poor infection control strate-

gies aggravate the situation even further. All these 
factors ultimately lead to high morbidity and 
mortality associated with burn wound sepsis in 
this region of the world. 

Counter sale of any type of antimicrobial agent 
in pharmacy shops in Pakistan and empirical 
therapy of antimicrobial agents without following 
proper culture and sensitivity testing (in majority of 
the health care delivery outlets) lack of 
surveillance for monitoring antibiotic resistance in 
pathogenic bacteria, have also contributed to the 
development of antibiotic resistance in microbes 
in this part of the world. In this study, amongst 
Gram-positive cocci, significantly high resistance 
was recorded to Amoxicillin, Co-Amoxiclav, 
Cephradine,   Ceftizoxime  sodium,  Cefpirome,



 
 
 
 
Cefoperazone + Sulbactam, Ciprofloxacin, Enoxacin, 
Erythromycin, Gentamicin and Trimethoprim + 
Sulphamethoxazole. Such high level of antimicrobial 
resistance is probably the outcome of excessive and 
indiscriminate use of broad-spectrum antibiotics in this 
part of the world. However, Linezolid was found to be 
more effective inhibiting 62.32% of the strains followed by 
Amikacin inhibiting 50% and Doxycycline inhibiting 
31.88% of the tested strains. It can be clearly concluded 
from the results of this study that MRSA strains are 
significantly sensitive to Linezolid. 

In the present study, burn injuries were observed in 
patients from all age groups. Similar results have been 
reported by other investigators (Rooh-ul-Muqim et al., 
2007).  
 
 
Conclusion 
 
Gram positive organisms were found dominant in the 
aetiology of sepsis. Continuous clinical and 
microbiological surveillance leading to quick detection of 
aetiological agent(s), appropriate antimicrobial therapy, 
care for nutrition and early wound cover all factors that 
can collectively help to reduce mortality and may result in 
a better outcome. Establishment of burn units in other 
hospitals situated in other parts of Khyber Pakhtunkhwa 
can reduce the burden/ overcrowding in this unit and will 
help in the reduction of nosocomial infections. 

Further analyses are underway using genome-wide 
sequencing and bioinformatics studies to explore mole-
cular mechanisms of resistance in these strains of MRSA 
and P. aeruginosa. Tools of bioinformatics will be used 
for comparing any sequence variations for resistance 
genes in isolates from Peshawar, Pakistan and those 
already reported from other parts of the world.  
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