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Abstract:
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Background:

» The burn and wound provide a suitable site for bacterial multiplication.
* Burn injury is a major public health problem in many countries of the world.

= Infection is the most common cause of death and serious problems following thermal
mjury.

= Extensive burns contribute to immunosuppression and this renders such patients
prone to invasive bacterial and fungal infections.

= Burn and wound infections can be classified on the basis of the causative
organism, the depth of invasion, and the tissue response for treatment.

Objectives:

1- To determine the type of bacteria & fungal that cause wound and burn

infections.

2- To know the best of antibiotics used for treatment wound and burn infections.

Study design:

This was a retrospective study.

Methods:

A retrospective study with a sample size of 200 patients both inpatient and

outpatient referred to the laboratory of Al-Kindy Teaching Hospital from (2" of

October 2022 to the 1% of May 2023) to assess burn and wound infections. Ethical

approval and permissions to collect samples were obtained from the Al-Kindy

College of Medicine and Al-Kindy Teaching Hospital.

Results:

(200) samples of burn and wound infections were found (140) positive was 89 for

burn and 51 for wound. Males held the higher percentage (56%) in burn infections

and (63%) in wound infections compared to females (44%) and (37%) respectively.

Then, analyzing the percentage of pathogens involved burn and wound infections,

the study had found that the highest percentage was for Pseudomonas aeruginosa

(41%) followed by Kilebsiella pneumonia (30%) in burn infection, and

Staphylococcus aureus (25%) followed by Pseudomonas aeruginosa (21%).

Conclusions:

The highest rate of infections with bacteria was recorded for Pseudomonas

aeruginosa in burn infections and for Staphylococcus aureus in wound infection.

There was a different ratio between sensitivity and resistance to the types of

antibiotics. Pseudomonas aeruginosa was highly sensitive to Colistin sulfate

(64.8%), then to Lincomycin and Norfloxacin (24.3%) Ciprofloxacin (13.5%).

while it was highly resistant to Cefepime (78.3%), Ciprofloxacin (75.6%),

Amikacin (64.8%) and Aztreonam (56.7%), and Staphylococcus aureus was highly
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sensitive to Colistin sulfate (85.7%), Clindamycin and Tetracycline (28.2%), While
it was highly resistant to Amikacin and Cefepime (71.4%), Azithromycin,
Aztreonam, Ciprofloxacin and Tetracycline (57.1%).
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The burn & wound represents a susceptible site for opportunistic colonization by
organisms of endogenous and exogenous origin. Patient factors such as age, extent
of injury, and depth of burn in combination with microbial factors such as type and
number of organisms, enzyme and toxin production, and motility determine the
likelihood of invasive burn and wound infections @

In the past, the predominant pathogens were bacterial, but with advancements in
burn & wound care and the introduction of topical mafenide in 1964, the
epidemiology of burn & wound infections has shifted such that fungal pathogens are
now more common @,

An increase in fungal colonization has been observed because of the widespread use
of topical antibiotic agents. Male gender, older age, lower extremity burn, scald burn,
full-thickness burn, delay in treatment, and pre-existing diabetes place patients at
increased risk of infection. Fungal wound infections pose a special challenge and
cause substantial morbidity ©®.

Most of the study found that the most causative agents followed the fungi were the
endogenous bacteria, which will lead us to think that despite the fact that endogenous
bacteria are beneficial to the host in their natural habitat (e.g., prevent the overgrowth
of opportunistic pathogens and colonization by antibiotic resistant bacteria), many
of these microorganisms are potentially pathogenic. Consequently, any disturbance
in the relationship between the host and the normal micro flora may make the host
more susceptible to infection. Such disturbance was likely to occur when
endogenous bacteria are presented with an opportunity to colonize a new habitat, an
example of which was the: wound and burn infections @2,

Causes of burn and wound infections relate to the loss of the protective barrier of the
skin and thrombosis of the subcutaneous blood vessels. The resulting avascular
wound bed makes an excellent medium, which can support the growth of
microorganisms as well as prevent the penetration of systemically administered
antimicrobial drugs ©.

Generally, microorganisms routinely isolated from burn and wound Include aerobic
organisms like Staphylococcus aureus, Streptococcus pyogenes, E. coli, Klebsiella
Spp., Proteus etc.,, anaerobic organisms like Bacteroides Fragilis,
Peptostreptococcus, Propionibacterium Spp., Fusobacterium Spp and fungi like
Aspergillus niger, Candida Spp and Zygomycetes ©.

It has been found that the distribution of various species of bacteria from burn and
wound surfaces was similar to that from blood Specimens ©

Regarding the relationship between gender, and burn and wound infections, females
have been observed to have more prominent hormonal and cell mediated immune
responses compared with males, so maintenance of immune integrity in females
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following injury was due, at least in part, to the absence of immunosuppressive
effects by androgenic hormones %),

With advancements in burn care over the last 50 years, infections is now the leading
cause of death after extensive burn injuries. Multiple study over the last decade have
shown that 42%-65% of deaths in burn victims are attributable to infections 19,
The results of a study found that in the first days of the post burn hospitalization,
more susceptible, Gram-positive organisms predominate, whereas later more
resistant Gram-negative organisms are found ©.

Before starting to talk about wound infection, we should mention that there's two
types of wounds (acute and chronic) If wound healing fails to progress through an
orderly and timely sequence of events (i.e., months or years), then may defined as
being chronic which is more exposed to be infected with some microorganisms. The
presence of devitalized (non-viable) tissue, inadequate local tissue perfusion and
unregulated (chronic) in amatory activity are all involved in the infections of the
chronic wounds 2,

Some wound infections are caused by marine bacteria, which was mostly seen in
persons with a history of seawater or seafood exposure ©,

Most common causative agents of:

a) Burn infections @0¢1:
1-Pseudomonas aeruginosa
2-Staphylococcus aureus
3-Escherichia coli
4-Acinetobacter baumannii
5-Klebsiella pneumoniae.

Pseudomonas aeruginosa produces a number of cell-associated (adhesins, alginate,
pili, flagella, and lipopolysaccharide) and extracellular (elastase, exoenzyme S,
exotoxin A, hemolysins, iron-binding proteins, leukocidins, and proteases) virulence
factors that mediate a number of processes, including adhesion, nutrient acquisition,
immune system evasion, leukocyte killing, tissue destruction, and bloodstream
invasion, it also carries many intrinsic and acquired antimicrobial resistance traits
that make infected burn and wound difficult to treat, which makes it the predominant
pathogen for burn infections 14,

b) Wound infections ?2):

1-Staphylococcus aureus
2-Proteus mirabilis
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3-Pseudomonas aeruginosa
4-Klebsiella aerogenes
5-Escherichia coli

Staphylococcus aureus also has a diverse array of virulence factors that facilitate
adherence to host tissues, immune system evasion, and destruction of host cells and
tissues, including (coagulase, protein A, leukocidins, hemolysins, and
superantigens). Resistance to methicillin in Staphylococcus aureus, and more
recently emergence of resistance to glycopeptides and oxazolidinones, also
complicate the treatment of burn and wound infections ¢4,

Risk factors:

The risk of burn and wound infections is directly correlated to the extent of the burn
and wound and is related to the impaired resistance resulting from disruption of the
skin's mechanical integrity and generalized immunosuppression ©,

a) Burn infections ®N(8);

1-Delay for surgery due to patient medical instability

2-Lack of surgical facility

3-Poverty, overcrowding and lack of proper safety measures.
4-Multidrug-resistant bacterial pathogens

5-Hospitalization and it's duration (hospital-associated infections especially
ventilator-associated pneumonia)

b) Wound infections @9:

1-Older age
2-Diabetes.
3-Immune system disorders, cancer, human immunodeficiency virus
infection, and malnutrition.
4-Paralysis or other limited mobility (wheelchairs, confined to bed)
5-Hospitalization (organisms that are resistant to antibiotic).
Complications of:
a) Burn infections (9
1-Cellulitis (most common)
2-Pneumonia
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3-Sepsis

4-Toxic shock syndrome
5-Urinary tract infections (UTI)
6-Bloodstream infections (BSI).

b) Wound infections @9
1-Cellulitis
2-Sepsis
3-Osteomyelitis
4-Hematomas
5-Bacteremia
6-Abscess formation
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Methodology:

-Study Design:

Retrospective design.

-Setting and duration:

The study was conducted in Al-Kindy College of Medicine ( from 2nd of October
2022 to the 1st of May 2023).

-Study population and sampling procedure:

The study sample included patients admitted to Al-Kindy Hospital. Out of total
number of patients, only a convenient sample of 200 patients was selected and they
agreed to participate in the current study.

-Method of data collection:

A retrospective study consists of 200 patients referred to Al-Kindy Teaching Hospital
for burn / wound culture and antibiotic susceptibility examination (from 2nd of
October 2022 to the 1st of May 2023). Ethical approval and permissions to collect
samples were obtained from the AI-Kindy College of Medicine and Al-Kindy
Teaching Hospital.

The survey included the following types of questions:

Age, Gender, Type of infection, infectious pathogen, sensitivity and resistance to
antibiotics and time of healing.

-Statistical analysis:

It was done by using IBM/SPSS version 25.0 (Statistical Package for social science)
computer software. For sample description, a number and percentage were presented
of in figures. P value less than or equal to 0.05 was considered statistically significant.
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3. Results:
Total number of samples (200) collected from Al-Kindy hospital; the positive
samples were (140); was 89 for burn and 51 of wound. The majority of patients in
burn infections were males (56.2%) compared to females (43.8%) as well as in
wound infections where the majority of patients were also males (62.8%) compared
to females (37.2%) represented in figure (1) (a & b).

Burn infection Wound infection

@ Male @ Male

@ Female @ Female
438%
62.8%

(a) (b)

Figure (1): Distribution of (a) burn infections relation with gender (b) wound infections
relation with gender.

The bacterial profile shows that the most common types of bacteria that recorded a
higher rate of burn infections are: Pseudomonas aeruginosa was found to be the
dominant bacteria with the frequency rate of (41.5%), the second most prevalent
isolate was Klebsiella pneumoniae (30.3%), followed by Acinetobacter baumannii
(16.8%) and Pseudomonas fluorescens (13.4%). As shown in figure (2).
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Figure (2): Distribution frequency of isolated bacteria in burn infection.
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-While in figure (3), the most common types of bacteria that recorded a higher rate
of wound infections are: Staphylococcus aureus was found to be the dominant
bacteria with the frequency rate of (25.4%), the second most prevalent isolate was
Pseudomonas aeruginosa (21.5%), followed by Acinetobacter baumannii (19.6%)
and Escherichia coli (15.6%).
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Figure (3): Distribution frequency of isolated bacteria in wound infection.

-The study has been relying on 12 types of antibiotics (Amikacin, Amoxicillin
clavulanic acid, Azithromycin, Aztreonam, Cefepime, Ceftriaxone, Ciprofloxacin,
Clindamycin, Colistin sulfate, Lincomycin, Norfloxacin and Tetracycline) which are
most commonly used in the treatment of burn and wound infections.

-Regarding antibiotic susceptibility in burn infection, Pseudomonas aeruginosa was
highly sensitive to Colistin sulfate (64.8%), then to Lincomycin and Norfloxacin
(24.3%) Ciprofloxacin (13.5%), and it's less sensitive to Amikacin (10.8%),
Aztreonam (5.4%) and Azithromycin (2.7%). while it was highly resistant to
Cefepime (78.3%), Ciprofloxacin (75.6%), Amikacin (64.8%) and Aztreonam
(56.7%), but it's less resistant to Colistin sulfate (2.7%) and Clindamycin (8.1%),
then Amoxicillin clavulanic acid (13.5%) and Aztreonam (16.2%), followed by
Ceftriaxone (18.9%) and Tetracycline (24.3%) (Fig. 4)

Antibiotics sensitivity p value: 0.122

Antibiotics resistance p value: 0.006
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Figure (4): Relationship between Pseudomonas aeruginosa and antibiotic
susceptibility in burn infections.

-Regarding antibiotic susceptibility in burn infection, Klebsiella pneumoniae was
highly sensitive to Colistin sulfate (62.9%), then Lincomycin and Norfloxacin
(29.6%), followed by Amikacin and Ciprofloxacin (14.8%), but it's less sensitive to
Azithromycin, Cefepime, Tetracycline and Amoxicillin clavulanic acid (3.7%),
followed by Aztreonam (7.4%). While it was highly resistant to Amikacin (85.1%),
then Cefepime (81.4%), Aztreonam and Ciprofloxacin (77.7%), followed by
Ceftriaxone and Amoxicillin clavulanic acid (54.2%), but it's less resistance to
Colistin sulfate (7.4%), followed by Azithromycin and Tetracycline (44.4%) (Fig .5)
Antibiotics sensitivity p value: 0.047

Antibiotics resistance p value: 0.001
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Figure (5): Relationship between Klebsiella pneumoniae and antibiotic susceptibility
in burn infections.

-Regarding antibiotic susceptibility in burn infection, Acinetobacter baumannii was
highly sensitive to Colistin sulfate (60%), then Lincomycin and Norfloxacin
(26.6%), but it's less sensitive to Aztreonam (6.6%), followed by Ciprofloxacin
(13.3%). While it's highly resistant to Cefepime (80%), Ciprofloxacin (73.3%), then
Amikacin (53.3%), and Aztreonam (40%), but it's less resistant to Azithromycin and
Amoxicillin clavulanic acid (13.3%), then Tetracycline (26.6%), followed by
Ceftriaxone (33.3%) (Fig. 6).

Antibiotics sensitivity p value: 0.095

Antibiotics resistance p value: 0.006
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Relationship between Acinetobacter baumannii and antibiotic susceptibility in burn infections.
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Figure (6): Relationship between Acinetobacter baumannii and antibiotic susceptibility
in burn infections.

- Regarding antibiotic susceptibility in burn infection, Pseudomonas fluorescens was
highly sensitive to Colistin sulfate (100%), but it's less sensitive to Amikacin,
Clindamycin and Tetracycline (8.3%). While it was highly resistant to Cefepime
(100%), then Amikacin (91.6%), followed by Aztreonam (75%), but it's less
resistant to Tetracycline and Ceftriaxone (33.3%), then Azithromycin and
Amoxicillin clavulanic acid (50%), followed by Ciprofloxacin (66.6%) (Fig. 7).
Antibiotics sensitivity p value: 0.391

Antibiotics resistance p value: 0.001
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Relationship between Pseudomonas fluorescens and antibiotic

-other types of bacteria were also found in patients with burn infections included the

following:

Escherichia coli
Staphylococcus aureus
Enterobacter cloacae
Proteus mirabilis
Burkholdera cepacia
Enterobacter aerogenes
Pseudomonas putida

NoakowdPE

-Regarding antibiotic sensitivity in burn infection, Burkholdera cepacia was
sensitive in an equal proportion for each antibiotic (Amikacin, Cefepime,
Ciprofloxacin and Colistin sulfate) in a percentage of (50%). Enterobacter aerogenes
was highly sensitive for only Colistin sulfate (100 %). Escherichia coli was highly
sensitive to Colistin sulfate (50%) and Amikacin (37.5%), but it's less sensitive to
Cefepime (12.5%), followed by Lincomycin and Norfloxacin (25%). Antibiotics
sensitivity p value: 0.048. Proteus mirabilis was highly sensitive to Amikacin and

Ciprofloxacin (100%), followed by Cefepime (66.6%),

pg. 21

but it's less sensitive to




Aztreonam, Ceftriaxone and Amoxicillin clavulanic acid (33.3%). Antibiotics
sensitivity p value: 0.043.

-Pseudomonas putida was highly sensitive only to Amikacin (100%).
Staphylococcus aureus was highly sensitive to Colistin sulfate (85.7%),
Clindamycin and Tetracycline (28.2%), but it's less sensitive to Amikacin and
Ciprofloxacin (14.2%). Antibiotics sensitivity p value: 0.206. Enterobacter cloacae
was highly sensitive Ciprofloxacin (50%), but it's less sensitive to Amikacin,
Cefepime, Colistin sulfate, Lincomycin and Norfloxacin (25%). Antibiotics
sensitivity p value: 0.363.

- As for Azithromycin sensitivity in these seven types of bacteria, recorded cases
were zero (Fig. 8).

Antibiotic sensitivity in remaining types of pathogens/ burn infection.

100% I Burkholderia cepacia

I Enterobacter aerogenes
Escherichia coli

I Proteus mirabilis

Il Pscudomonas putida

I Staphylococcus aureus
Enterobacter cloacae

60%

40%
20% ‘ ' ‘
0% —
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X
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G
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Figure (8): Relationship between antibiotic sensitivity and remaining types of
pathogens/ burn infection.

pg. 22

-Regarding antibiotic resistance in burn infection, Burkholdera cepacia was resistant
in an equal proportion for each antibiotic (Amikacin, Azithromycin, Amoxicillin
clavulanic acid, Cefepime, Ciprofloxacin and Tetracycline) in a percentage of
(50%). Enterobacter aerogenes was resistant to Ciprofloxacin, Ceftriaxone and
Amoxicillin clavulanic acid (100%) and Amikacin, Aztreonam, Azithromycin,
Cefepime and Tetracycline (50%). Antibiotics resistance p value: 0.08. Escherichia
coli was highly resistant to Ciprofloxacin (100%), Ceftriaxone (87.5%) and
Aztreonam (75%), followed by Amikacin, Azithromycin and Cefepime (62.5%), but




it's less resistant to Amoxicillin clavulanic acid (25%) followed by Tetracycline
(37.5%). Antibiotics resistance p value: 0.001. Proteus mirabilis was highly resistant
to Aztreonam and Colistin sulphate (66.6%), followed by Azithromycin,
Tetracycline and Amoxicillin clavulanic acid (33.3%). Antibiotics resistance p
value: 0.178.

-Pseudomonas putida was highly resistant to both Cefepime and Ciprofloxacin
(100%). Staphylococcus aureus highly resistant to Amikacin and Cefepime (71.4%),
Azithromycin, Aztreonam, Ciprofloxacin and Tetracycline (57.1%), but it's less
resistant to Amoxicillin clavulanic acid (14.2%), and Clindamycin (42.8%).
Antibiotics resistance p value: 0.001. Enterobacter cloacae was highly resistant to
Aztreonam (100%), (Amikacin, Azithromycin, Cefepime, Ciprofloxacin,
Tetracycline, Ceftriaxone, Amoxicillin clavulanic acid) all were (50%) and Colistin
sulphate (25%). Antibiotics resistance p value: 0.015.

- As for Lincomycin and Norfloxacin resistance in these seven types of bacteria,
recorded cases were zero (Fig. 9).

Antibiotic resistance in remaining types of pathogens/ burn infection.
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Figure (9): Relationship between antibiotic resistance and remaining types of
pathogens/ burn infection.
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-Regarding antibiotic susceptibility in wound infection, Staphylococcus aureus was
highly sensitive to Ciprofloxacin (53.8%), Tetracycline, Lincomycin and




Norfloxacin (30.7%), and less sensitive to Amikacin and Clindamycin (7.6%). While
it was highly resistant to Azithromycin (84.6%), Tetracycline (46.1%) and
Ciprofloxacin (38.4%), but it's less resistant to Aztreonam and Cefepime (7.6%),
Amikacin and Ceftriaxone (15.3%) followed by Clindamycin (23%) (Fig. 10).
Antibiotics sensitivity p value: 0.215

Antibiotics resistance p value: 0.048

Relationship between Staphylococcus aureus and antibiotic susceptibility in wound infections.
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Figure (10): Relationship between Staphylococcus aureus and antibiotic susceptibility
in wound infections.

-Regarding antibiotic susceptibility in wound infection, Pseudomonas aeruginosa
was highly sensitive to Lincomycin and Norfloxacin (90.9%), and less sensitive to
Colistin sulfate and Ciprofloxacin (9%). While it was highly resistant to Aztreonam
and Ciprofloxacin (90.9%), followed by Amikacin (72.7%) and Cefepime (63.6%),
but it's less resistant Azithromycin and Ceftriaxone (9%) (Fig. 11).

Antibiotics sensitivity p value: 0.423

Antibiotics resistance p value: 0.058
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Relationship b P domonas aeruginosa and antibiotic susceptibility in wound infections.
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Figure (11): Relationship between Pseudomonas aeruginosa and antibiotic
susceptibility in wound infections.

-Regarding antibiotic susceptibility in wound infection, Acinetobacter baumannii
was highly sensitive to Lincomycin and Norfloxacin (60%), but it's less sensitive to
Cefepime (10%) and Colistin sulfate (40%). While it was highly resistant to
Ciprofloxacin (90%), then Amikacin, Aztreonam and Cefepime (60%), followed by
Ceftriaxone (50%) and Amoxicillin clavulanic acid (40%) and less resistant to
Azithromycin and Tetracycline (30%) (Fig. 12).

Antibiotics sensitivity p value: 0.071

Antibiotics resistance p value: 0.001
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Relationship between Acinetobacter baumannii and antibiotic susceptibility in wound infections.
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Figure (12): Relationship between Acinetobacter baumannii and antibiotic
susceptibility in wound infections.

-Regarding antibiotic susceptibility in wound infection, Escherichia coli was highly
sensitive to Amikacin (50%) and Colistin sulfate (37.5%), but it's less sensitive to
Aztreonam, Azithromycin and Tetracycline (12.5%). While it was highly resistant
to Ciprofloxacin (100%) then Cefepime and Ceftriaxone (75%), followed by
Tetracycline (62.5%), Amikacin and Aztreonam (50%), and it's less resistant to
Amoxicillin clavulanic acid (37.5%) followed by Azithromycin (12.5%) (Fig. 13).
Antibiotics sensitivity p value: 0.189

Antibiotics resistance p value: 0.002
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Relationship between Escherichia coli and antibiotic susceptibility in wound infections.
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Figure (13): Relationship between Escherichia coli and antibiotic susceptibility in
wound infections.
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-Other types of bacteria were also found in patients with wound infections included
the following:

1. Klebsiella pneumoniae

2. Proteus mirabilis

3. Pseudomonas fluorescens

4. Enterobacter aerogenes

5. Enterobacter cloacae

6. Enterococcus faecalis

-Regarding antibiotic sensitivity in wound infection, Enterobacter aerogenes was
highly sensitive to Amikacin, Aztreonam and Ceftriaxone (100%). Enterococcus
faecalis was highly sensitive to only Ciprofloxacin (100%). Klebsiella pneumoniae
was highly sensitive to Amikacin, Cefepime, Ciprofloxacin and Colistin sulphate
(40%) and less sensitive to Aztreonam, Azithromycin, Amoxicillin clavulanic acid,
Lincomycin and Norfloxacin (20%). Sensitivity p value: 0.035.

-Proteus mirabilis was highly sensitive in an equal proportion for each antibiotic
(Amikacin, Aztreonam, Azithromycin, Cefepime, Ceftriaxone and Ciprofloxacin) in




a percentage of (50%). Pseudomonas fluorescens was sensitive in an equal
proportion for each antibiotic (Aztreonam, Lincomycin and Norfloxacin) in a
percentage of (50%). Enterobacter cloacae was highly sensitive to Amikacin,
Aztreonam and Ciprofloxacin (100%).

- As for Clindamycin and Amoxicillin clavulanic acid sensitivity in these six types
of bacteria, recorded cases were zero (Fig. 14).

Antibiotic sensitivity in remaining types of pathogens/ wound infection.
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Figure (14): Relationship between antibiotic sensitivity and remaining types of
pathogens/ wound infection.
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-Regarding antibiotic resistance in wound infection, Enterobacter aerogenes was
highly resistant to Ciprofloxacin and Tetracycline (100%). Enterococcus fecalis was
highly resistant to only Tetracycline (100%). Klebsiella pneumoniae was highly
resistant to Amikacin, Aztreonam, Ceftriaxone, and Ciprofloxacin (60%), followed
by Azithromycin, Amoxicillin clavulanic acid and Cefepime (40%) and it's less
resistant to Tetracycline (20%). Resistance p value: 0.001

-Proteus mirabilis was highly resistant in an equal proportion for each antibiotic
(Amikacin, Aztreonam, Ceftriaxone, Ciprofloxacin and Tetracycline) in a
percentage of (50%). Pseudomonas fluorescens was resistant to Amikacin,
Cefepime and Ciprofloxacin (100%) and less resistant to Aztreonam (50%).
Enterobacter cloacae was highly resistant to Ceftriaxone and Tetracycline (100%).




-As for Clindamycin, Colistin sulfate, Lincomycin and Norfloxacin resistance in
these six types of bacteria, recorded cases were zero (Fig. 15).

Antibiotic resistance in remaining types of pathogens/ wound infection.
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Figure (15): Relationship between antibiotic resistance and remaining types of
pathogens/ wound infection.
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-1t should also be mentioned that we found one fungal infections of unspecified type
for a patient with wound infection, as it was accompanied by two other types of
bacteria which are, Pseudomonas aeruginosa and Klebsiella pneumoniae. These
bacteria and fungi were resistant to Amikacin, Azithromycin and Ciprofloxacin,
while they were sensitive to Lincomycin and Norfloxacin

-Healing time of burn infections pathogens according to their sensitivity to particular
antibiotics, the study noticed that the bacteria that recorded the longest healing time
(15 days) were Klebsiella pneumoniae and Proteus mirabilis and the antibiotics that
Contribute to the healing process of each bacterium were Colistin sulfate and
Amikacin respectively, followed by Acinetobacter baumannii and Pseudomonas
fluorescens that recorded 14 days as an average of healing time with effect of
Colistin sulfate.

-While the bacteria that recorded the shortest time of healing were Enterobacter
aerogenes with only 3 days, then come Staphylococcus aureus, Escherichia coli and




Pseudomonas aeruginosa with 5, 7 and 11 days respectively, all with effect of
Colistin sulfate as recorded in figure (16).

Relationship between time of healing, infecti pathogen of burn infection and effecti

15 14 14 B Amikacin

I Colistin sulfate
10
| I
0 I

A. baumannii  E. aerogenes E. coli K. P. mirabilis  P. aeruginosa S. aureus P. fluorescens
pneumoniae

Days
-~

Bacteria

Figure (16): Relationship between time of healing, infectious pathogen of burn
infections and effective antibiotics.

-About healing time of wound infections, The study found that the longest healing
time was recorded for Acinetobacter baumannii with 25 days under Colistin sulfate
effect, followed by Pseudomonas aeruginosa with 14 days with contribution of
Norfloxacin and Lincomycin.

-While the shortest time of healing was recorded for Escherichia coli with 6 days
followed by Proteus mirabilis with 7 days, was affected by Amikacin and
Azithromycin respectively According to the recorded information in figure (17).

pg. 30




Relati hip b time of heali infecti pathogen of wound infection and effective antibiotics.
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Figure (17): Relationship between time of healing, infectious pathogen of wound
infections and effective antibiotics.
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Discussion:

The study observed that the frequency of burn and wound infections was more in
males than females in the (140) isolates obtained, (63%) were from male patients
while (37%) were from female in wound infections and (56%) were from male
patients while (44%) were from female in burn infections. This was backed with
other study which reported that these infections were more frequent in males than in
females " due to the fact that males are responsible for the most duties outside the
home. This was in contrast with other study ©® in which females were more
frequently victims of burn infections than males.

Regarding burn infection, Pseudomonas aeruginosa was found to be the dominant
bacterium causing these infections which usually cause most severe and life-
threatening infections in burn patients @4, This result backed with other study @),
The second most common bacterium was Klebsiella pneumonia, this totally backed
with other study in military care center in 2010 @®. Then it’s followed by
Acinetobacter baumannii which its high susceptibility was explained by other study
because it’s a nosocomial infection (27), then Pseudomonas fluorescence
respectively.

Pseudomonas aeruginosa, results found it was highly sensitive to Colistin sulfate.
These results correspond to other study @®, and was highly resistant to Cefepime.
This backed with study reported that Cefepime has minimal inhibitory activity
against Pseudomonas aeruginosa #°,

Regarding Pseudomonas fluorescence was also found common in burn infections
results, this backed with a study saying that it’s the second most gram-negative
bacterium cause burn infections @9, Results found this bacterium was highly
sensitive to Colistin sulfate which in contrast with the study ©Y. and was highly
resistant to Amikacin and Cefepime which backed with the same study applied in
Iraq @Y,

Concerning Klebsiella pneumonia was found to be highly sensitive to Colistin
sulfate. This backed with other study in which they added sliver nanoparticles to
Colistin sulfate which makes the bacterium incapable of developing resistance ¢2,
and was highly resistant to Amikacin, this was confirmed by a study that explained
that Klebsiella has DNA fragment specified both an acetyltransferase activity and
low level of phosphotransferase activity, these two activities were responsible for
the high resistance to Amikacin ©3),

Acinetobacter baumannii showed high sensitivity to Colistin sulfate, Lincomycin
and Norfloxacin. This does not go with the results of other study which found its
highest sensitivity to Colistin, Imipenem and Meropenem @4, Also showed high
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resistance to Cefepime and Ciprofloxacin, which backed with other study ensure its
full resistance to Ciprofloxacin ©%.

Regarding wound infections, Staphylococcus aureus was the dominant bacterium
causes these infections followed by Pseudomonas aeruginosa. This corresponds to
other study reported that Staphylococcus aureus and Pseudomonas aeruginosa were
the most common bacteria isolated from chronic wound infections. The co-infections
of them together was more virulent than single infections ¢,

Then by Acinetobacter baumannii which resembled third most common bacterium.
This backed with other study that the most common organisms isolated were
Staphylococcus aureus in the first week and Acinetobacter baumannii in the second
week @7,

Followed by Escherichia coli that explained it’s high isolation by other study
because Staphylococcus aureus was the most common bacterium in wound
infections after clean surgery while Escherichia coli dominated in cultures from
infected wound after contaminated surgery ©®),

Regarding Staphylococcus aureus, it was found to be highly sensitive to
Ciprofloxacin which does not go with the results of other study saying that
Ciprofloxacin appears to have limited and usefulness effect in treating
Staphylococcal infections @9, and was having high resistance to Azithromycin which
confirmed by other study “9,

Then regarding Pseudomonas aeruginosa, the results indicate that it was highly
sensitive to Lincomycin and Norfloxacin and highly resistant to Aztreonam and
Ciprofloxacin. Which contracts with other study that reported Levofloxacin and
Polymycin B as the most sensitive antibiotics and Aztreonam and Ceftazidime as the
most resistant antibiotics to these bacteria “V).

Now regarding Acinetobacter baumannii, according to our results it has high
sensitivity to Lincomycin and Norfloxacin and high resistance to Ciprofloxacin. The
sensitivity was not very specific because Acinetobacter baumannii was nosocomial
pathogen developmental through time and became less sensitive to known
antibiotics but the resistance backed with the study “,

Considering Escherichia coli, it was found highly sensitive to Amikacin which
confirmed by other study “® and almost full resistant to Ciprofloxacin, Cefepime
and Cefotaxime which correspond to other study in Pakistan “4),

The research showed the time of recovery for different types of burn bacterial
pathogens, that the fastest bacterial pathogen to heal was Enterobacter aerogenes
followed by Staphylococcus aureus and the slowest bacteria that takes more than
fifteen days was Klebsiella pneumonia followed by Acinetobacter baumannii and
Pseudomonas aeruginosa which takes less than fifteen days this was totally backed
with this study in military care center ).
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Other information showed in the results that almost all of these bacteria were treated
by Colistin sulfate except for Proteus mirabilis which was treated by Amikacin. That
backed with antimicrobial susceptibility pattern of bacteria causing burn infections
with the studies G2G4,

Time of recovery for different types of wound bacterial pathogens, showed that the
fastest bacterial pathogen to heal was Escherichia coli with three days, that
corresponds to the study in rats saying that E. coli have the highest healing time rate
with 96.4% in wound infections @, and the slowest bacterium to heal was
Acinetobacter baumannii which took 25 days, this also correlates with the study
which reported that the wound was still open after three weeks “9),

Other information showed in results that these two bacteria were treated with
Colistin sulfate and Amikacin which they have a high sensitivity to these antibiotics
as we mentioned previously “3@4),

In addition, burn infections remain the most important factor limiting survival in
burn intensive care units. Also, it’s known that large wound surface impaired
immune systems and broad-spectrum antibiotic therapy contribute to the growth of
opportunistic fungal species ", this case also showed in result with one patient
which had two bacteria isolated with fungi. It’s mostly because the wound
environment may promote multispecies biofilm formation interaction between
bacteria and fungi in wound “®, these two bacteria showed sensitivity and resistance
to some antibiotics. Although, the nature of fungal infections dictates aggressive
treatment to minimize the morbidity association with these infections 9.




Conclusions &
Recommendation
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5. Conclusions:

[

. The prevalence of wound and burn infections were higher in males than females.

2. Staphylococcus aureus is the most causative agent of wound infections and
Pseudomonas aeruginosa is most causative agent of burn infection.

3. Effective drugs may be in a clinical study; in burn infections bacteria were highly
sensitive to Colistin sulfate and highly resistant to Cefepime while wound
infections, the bacteria were highly sensitive to Ciprofloxacin and highly resistant
to Azithromycin.

4. In a clinical study; the bacteria found with the longest time of healing in burn
infections were Klebsiella pneumoniae and Proteus mirabilis, and the bacterium
with the shortest time of healing was Enterobacter aerogenes. While in wound
infections; the longest recovery time was recorded by Acinetobacter baumannii,
and the shortest time recorded by Escherichia coli.

5. According to our study, the presence of fungal infections in burn and wound is
extremely rare.

5. Recommendations:

1- Extended the sample size of the study.
2- In the future, it is possible to use nanoparticles as an alternative antimicrobial

treatment to burn and wound infections.
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Questionnaire:

Gender

Type of infection

Infectious pathogen

Type of antibiotic

Resistance and sensitivity of antibiotics
Time of healing.
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Information source:

1. Books

2. Journal articles

3. Theses and dissertation
4. Internet




