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Abstract 
Background: Identifying bacterial pathogens causing 

wound infections is crucial for early diagnosis and 

treatment to prevent severe complications. This study 

aimed to characterize bacterial isolates from burn wound 

infections to improve diagnostic and therapeutic 

strategies. Methods: One hundred burn wound swabs 

were collected from patients admitted to two hospitals in 

Iraq. Swabs were cultured on nutritional and differential 

media to isolate bacterial pathogens. Microscopic and 

biochemical examinations were conducted to identify 

bacterial cultures. VITEK 2 Compact Automated Systems 

were used for Gram staining and bacterial identification. 

Results: Klebsiella oxytoca was the most prevalent 

bacterium, comprising 38% of the samples, followed by 

Raoultella ornithinolytica at 20%. Staphylococcus 

epidermidis, Kocuria kristinae, and Kocuria rosea each 

accounted for 14% of infections. Conclusion: Early 

identification of bacterial pathogens causing wound 

infections is essential for effective treatment. 

Understanding the prevalence and distribution of these 

pathogens can guide diagnostic and therapeutic 

interventions to prevent complications and improve 

patient outcomes. 
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Introduction 
Burn injuries are among the most severe traumatic injuries 
individuals can suffer (WHO, 2011). They account for a significant 
portion of deaths, with infections from burns contributing to 51% 
of fatalities (Norbury et al., 2016). Annually, approximately 
500,000 individuals in the United States require medical attention 
for burns, with 40,000 necessitating hospitalization to mitigate 
bacterial infections (Forson et al., 2017). Despite the initial 
sterilization of burn wounds by high temperatures, the rapid 
growth of normal skin flora and existing infections poses a 
significant challenge (Nielson et al., 2017). Studies indicate that 
upon admission, 9% and 54% of pediatric burn unit patients are 
contaminated with Group A Streptococcus (GAS) and 
Staphylococcus aureus, respectively (Rahim Hateet, 2021). 
Prolonged stays in intensive care units and the nature of burn 
injuries contribute to the increased incidence of nosocomial 
infections among burn patients (Al-Taie et al., 2014). Although 
burn surfaces are initially sterile post-injury, they eventually 
become colonized by various microorganisms (Hubab et al., 2020). 
These microorganisms originate from the patient's endogenous 
skin flora, gastrointestinal tract, and respiratory tract (Jie Yu et al., 
2022). Additionally, external environmental surfaces, water, steam, 
air, and the hands of healthcare workers can transfer 
microorganisms to the patient's skin surface (Wang et al., 2022). 
Burn injuries represent one of the most impactful consequences of 
severe  thermal  trauma (WHO, 2011),  with  infections  stemming   
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from burns contributing to a staggering 51% of fatalities (Norbury 
et al., 2016). In the United States alone, approximately 500,000 
individuals seek medical assistance for burns annually, with 40,000 
patients necessitating hospitalization to mitigate bacterial infection 
(Forson et al., 2017). The presence of microorganisms on burn 
wounds is intricately linked to virulence factors. While high 
temperatures theoretically sterilize burn wounds, normal skin 
flora and existing infections can proliferate rapidly (Nielson et al., 
2017). Routine cultures have revealed that upon admission, 9% 
and 54% of pediatric burn unit patients are contaminated with 
Group A Streptococcus (GAS) and Staphylococcus aureus, 
respectively (Rahim Hateet, 2021). Prolonged stays in intensive 
care units and the nature of burn injuries contribute to a 
heightened incidence of nosocomial infections among burn 
patients (Al-Taie et al., 2014). Despite burn surfaces being sterile 
immediately post-injury, they eventually become colonized by 
numerous microorganisms (Hubab et al., 2020), originating from 
the patient's endogenous skin flora, gastrointestinal tract, and 
respiratory tract (Jie Yu et al., 2022). Additionally, 
microorganisms can be transferred to the patient's skin surface 
through contact with contaminated external environmental 
surfaces, water, steam, air, and the hands of healthcare workers 
(Wang et al., 2022). 
Klebsiella species stand as significant culprits in systemic 
infections, harboring various resistance genes against conventional 
antibiotics (Adeleke et al., 2022, Betty Fitriyasti et al. 2024, Farah 
M. Muhammad et al. 2024), Hiba Ahmed Jawade et al. 2024, 
Hussein Abdulkadhim Hasan et al. (2024). Mostafa Alamholo 
(2024).). Gram-negative and non-motile, these organisms are 
lactose-fermenting, facultative anaerobic rod-shaped bacteria, 
typically appearing as mucosal lactose fermenters on MacConkey 
agar (Osagie et al., 2017). While part of the normal flora in the 
mouth, skin, and intestines, their inhalation into human and 
animal lungs can lead to severe complications (Osagie et al., 2017). 
Klebsiella pneumoniae, a clinically vital member of the 
Enterobacteriaceae family, is a well-known cause of community-
acquired infections and is closely related to Klebsiella oxytoca, 
differentiated by its indole-negative nature (Tavares et al., 2020). 
K. oxytoca, increasingly isolated, was initially classified as 
Bacterium oxytocum by Flugge in 1886, sharing characteristics 
with other Klebsiella species such as indole formation, positive 
Voges–Proskauer reaction, and gelatin liquefaction (Hagiwara et 
al., 2013). Typically acquired from environmental sources, K. 
oxytoca poses a notable health concern (Hagiwara et al., 2013). 
Raoultella ornithinolytica, a Gram-negative, oxidase-negative, 
lactase-positive, aerobic, non-motile rod within the 
Enterobacteriaceae family, was initially classified as Klebsiella 
ornithinolytica until the establishment of the Raoultella genus in 
2001 (Hajjar et al., 2020). Commonly inhabiting aquatic and soil 

environments, R. ornithinolytica has garnered attention due to its 
ability to convert histidine to histamine, leading to histamine 
toxicity in humans (Hajjar et al., 2020). This bacterium has 
emerged as a significant pathogen, particularly affecting co-
morbid patients, with symptoms ranging from skin redness to 
vomiting, diarrhea, headache, or itching, depending on the extent 
of infection (Buyukcam et al., 2019). 
Despite advancements in topical treatments and immediate 
transverse eradication techniques, pathogens continue to pose a 
significant challenge in treating burn victims (Gonzalez et al., 
2016). Furthermore, overcrowding in burn hospitals contributes 
to infections spreading among patients (Singh et al., 2017). Despite 
the widespread use of broad-spectrum antibiotics, colonization by 
these bacteria may often be asymptomatic yet serve as a source of 
infectious agents leading to severe illness and mortality. Therefore, 
this study aimed to assess the infective bacteria present in burn 
wounds at the burn units of Imam Sadiq Teaching Hospital in 
Babylon Governorate and Al Diwaniyah Hospital in Al-Qadisiyah 
Governorate, Iraq. 
 
Materials and methods 
Preparation of the culture media: 
The culture media used for isolating and diagnosing bacteria, 
which is a general medium for all types of bacteria, were prepared 
according to the instructions of the supplying companies. They 
were sterilized in an autoclave at a temperature of 121 °C for 15 
minutes under a pressure of approximately 1.5 kg / cm2 and 
according to the following: 
Solid agar medium (Nutrient agar) 
Prepare the medium according to the manufacturer’s instructions 
by dissolving (28g) of the medium in a liter of water distilled and 
sterilized in an autoclave at a temperature of 121 °C and a pressure 
of 15 pounds / inch 2 for 15 minutes, and after sterilization it was 
cooled. The medium was reduced to (45-50 m) and distributed in 
Petri dishes. This medium was used for the purpose of bacteria 
development. 
Medium MacConkey: 
This medium was prepared according to the instructions of the 
supplying company, by dissolving 51.5 gm in a liter of distilled 
water and sterilized by autoclave. This medium was used to isolate 
dye-negative bacteria Gram and diagnosed in terms of its ability to 
ferment the sugar lactose. 
Medium Blood Agar base: 
This medium was prepared according to the instructions of the 
supplying company, by dissolving 40 g in a liter of distilled water, 
and sterilized by autoclave. After completing the sterilization 
process, it was cooled to a degree (45-50) C, and human blood was 
added to it at a rate of (5-10)%. This medium was used as a rich 
medium to isolate and bacterial diagnosis. 
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Table 1. Phenotypic and Gram stain tests for bacterial isolates 

 

Isolation symbol Gram stain Phenotypic characteristics 
 
38 isolates 

 
Negative 

cream to pink-yellow colored colonies 
Cylindrical rod shaped which appear singly, in pairs or in short chains 

 
20 isolates 

 
Negative 

Gram-negative, oxidase-negative, catalase-positive, aerobic, non-motile 
rod 

14 isolates Positive Medium sized, white, opaque and flat colonies Non-motile cocci 
14 isolates Positive smooth, small moist, slightly convex, pale-pink colonies 
14 isolates Positive whitish, small, round, raised, convex colonies 

 

 

Table 2. Percentage of diagnosed bacterial isolates 

 
Samples of bacterial isolates Percentage of diagnosed bacteria 

% 
Klebseilla oxytoca 38 
Raoultella ornithinolytica 20 
Staphylococcus epidermidis 14 
Kocuria kristinae 14 
Kocuria rosea 14 
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Sample collection: 
Samples were collected from Imam Al-Sadiq Hospital (Turkish) 
and from Al-Diwaniyah General Hospital, Department of Burns, 
from people who were subjected to burns of different degrees. 
Swab media swabs were taken and placed in clean and sterile 
refrigerated containers during transportation to the laboratories of 
the Musayyib Technical Institute, Department of Medical 
Laboratories. The sample collection period was for a period of 
Two months, during which (100) samples were obtained. 
Transplant samples: 
The solid nutritious culture medium was prepared according to 
the manufacturer’s instructions and sterilized with the sterilizer 
(autoclave). After cooling the medium to 45-55 degrees Celsius, it 
was distributed in clean Petri dishes in the hood room. After the 
medium hardened in the dishes, we transferred the soap media to 
the surface of the solid medium and under sterile conditions and 
labeled The dishes are then incubated in the incubator at 35°C for 
48 hours. 
After the incubation period and obtaining growth, we purified the 
obtained colonies by re-cultivation of each obtained bacterial 
colony, transplanting it, or transferring it to new petri dishes 
containing a solid nutrient medium to obtain pure cultures and 
incubate the Petri dishes under the same previous conditions in 
the incubator at a temperature of( 35 c0) for a period of 48 hours. 
After the incubation period, obtaining bacterial colonies, they are 
kept in the refrigerator for the purpose of conducting the rest of 
the other diagnostic tests.. 
Phenotypic examinations of bacterial colonies: 
After obtaining the bacterial colonies, they were classified 
according to the morphology of the colonies, the color of the 
colony, and the nature of the colony. Thus, the numbers of isolates 
were listed according to the mentioned characteristics. The Gram 
stain technique, pioneered by Danish physician Hans Christian 
Gram in 1880, stands as a cornerstone in bacterial identification 
within hospital settings. This method, developed during Gram's 
tenure at the anatomy laboratory of Berlin Hospital, facilitates the 
differentiation of bacteria based on their cell wall composition. 
Gram-negative bacteria appear red, while Gram-positive bacteria 
appear blue. The staining process involves several sequential steps: 
stabilization of the bacterial suspension, application of violet 
crystal dye followed by rinsing, addition of iodine solution and 
subsequent rinsing, treatment with alcohol and rinsing, 
application of Safranin and final rinsing. The coloration observed 
in a Gram stain is contingent upon the chemical makeup of the 
bacterial cell wall. Following staining, the slide is dried and then 
examined microscopically. 
Diagnosis of biochemical characteristics using the Vitek 2 
Compact System: 

The diagnostic process was carried out using the Vitek2 device for 
the selected isolates, which were selected based on the qualitative 
screening of the isolates for positive bacteria as well as for negative 
bacteria McConkey Agar culture medium and blood agar medium 
were used. (Anonymous, 2010). 
Statistical Analysis 
Data analysis was performed using the SPSS program (IBM Corp., 
2017) to compare averages statistically at a significance level of 
p≤0.05. 
 
Results and Discussion 
Diagnosis of the selected isolates 
The selected isolates were subjected to culture and phenotypic 
tests, and the results of microbial culture on the nutrient broth 
medium after a 24-hour incubation period at a temperature of 37 
°C revealed the appearance of bacterial colonies, as shown in Table 
1. As for the microscopic characteristics, after staining with a gram 
stain, the bacterial isolates appeared after 24 hours of incubation. 
There are some bacterial isolates that are Gram-negative and 
others that are Gram-positive as previosuly publsihed study 
(Abdulah Y. Al-Mahdi et al., 2024).  
Diagnosis of biochemical characteristics using the Vitek 2 
Compact System 
The results of the examination with the Vitec 2 device (data not 
shown) showed different types of bacteria, and in total 100 isolates 
were studied. It was found that Klebseilla oxytoca was the most 
common pathogen [38%], followed by Raoultella ornithinolytica 
[20%], finally, Staphylococcus epidermidis, Kocuria kristinae & 
Kocuria rosea which had the same percentage [14% ] (Table 2). 
Differences in bacteria species can be explained by many 
environmental factors or may be due to contamination during 
treatment (Rahim Hateet, 2021). 
Burned surface area in addition to the length of duration in 
hospital is a risk factor for infection problems, according to 
SOARES, (2007), which is consistent with study findings. This 
study also was performed by Zambar, (2017) witch was find that 
majority of patients were seriously injured and had a long hospital 
admission. In Turkey it was done Study by Yildirim et al. (2005) 
for burn intensive care unit patients and they found that Klebseilla 
spp. was the common pathogen witch was the percentage of 
isolation 42.4%. 
Infection complications in individuals with severe burns are 
caused by thermal damage of the stratum corneum and 
simultaneous suppression of local or systemic patient humoral 
immune mechanisms however, based on several investigations 
Klebsiella species was the most common organism that colonized 
burns wounds (Adeleke et al., 2022) 
From the above, we note that Klebseilla oxytoca bacteria are the 
most affected by burn patients in hospitals, and this may be due to 

https://publishing.emanresearch.org/Journal/JournalDetails?JournalCode=MB
https://publishing.emanresearch.org/Journal/JournalDetails?JournalCode=MB


MICROBIAL BIOACTIVES                                       RESEARCH 
 

https://doi.org/10.25163/microbbioacts.719639                                                                                  1–6   | MICROBIAL BIOACTIVES | Published online Apr 20, 2024 
 

their resistance to many antibiotics, Adeleke et al., (2022)found 
that Klebsiella spp are opportunistic pathogens the bacterium 
appears to rapidly develop resistance to many antimicrobials, and 
it is frequently involved in outbreaks in hospital settings. 
It was noticed from the comparison of the results obtained with 
the local and international results that there is a convergence and 
difference in the percentage of bacteria isolation from the different 
samples, and this is due to reasons including: places of isolation 
such as hospitals and intensive care centers, and the difference in 
percentages may be due to  the number of samples collected by the 
researcher and also It is due to the degree of attention to 
cleanliness and the type of sterilizers and various disinfectants in 
hospitals, because bacteria are resistant to most sterilization 
materials and antibiotics, being a major cause of hospital- acquired 
infections (Tsolakidis et al., 2022, Muntaha R. Ibraheem et al. 
2024, Nurul Azila Abdul Razak et al., 2024, Rana S. Hasan et al., 
2024, Shaima H. Abdullah et al. 2024). 
 
Conclusion  
In conclusion, infection stands as a significant contributor to 
morbidity and mortality among hospitalized burn patients, with 
approximately 75% of deaths attributed to infection rather than 
osmotic shock and hypovolemia. The prevalence of antibiotic-
resistant isolates, particularly Klebsiella oxytoca and Raoultella 
ornithinolytica, underscores the indiscriminate use of antibiotics 
in treating infections caused by these bacteria. To mitigate the 
emergence of resistant strains, consideration should be given to 
employing histidine-free antibiotics. Moving forward, it is 
recommended to conduct additional surveys across various 
hospital locations to identify the sources of these bacteria. 
Furthermore, antibiotic susceptibility testing should be performed 
on the bacterial strains identified in this study to guide appropriate 
treatment strategies. 
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