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Abstract 

         This study aims to know some of the clinical parameters of the 

burn patients including age, sex and Boyd index, to identify the types 

of bacterial isolates associated with burn infections and to study the 

effects of some antibacterial agents on these isolates, in addition to 

the determination of the levels of some humoral immunological 

factors for burn patients.  

 During the period between 1st/ 11 / 2005 and 1st/ 5 / 2006 , a 

total of 87 skin swabs, 47 blood specimens from 87 burn patients, 30 

swabs from the burn ward at Al-Hilla General Teaching Hospital, and 

12 blood specimens from normal healthy subjects(controls) have 

been studied.  

 The results have revealed that most cases of burn injury are 

among females. The most frequent type of burn injury is flame. The 

most affected age group is that of (1–5) years in whom scald injury is 

more than flame injury. It has been found that Gram negative 

bacteria are more frequent than Gram positive type in skin, blood 

and burn ward specimens. Pseudomonas aeruginosa is the most 

frequent species among the Gram negative bacteria in skin and burn 

ward. Whereas, in blood culture, Enterobacter spp. is the most 

frequent. On the other hand, Staph. aureus is the most frequent 



isolate among Gram positive bacteria in skin , and in blood. In burn 

ward specimens, Entercoccus faecalis is the predominant type. 

 The level of Boyd index is more than (70) for the dead cases. 

The mortality increases as the percentage of burn injury increases. 

 The effect of some antibiotics on each bacterial isolate has 

been studied. It has been found that amikacin and ciprofloxacin are 

the most effective antibiotics on all bacterial isolates, whereas 

carbenicillin and amoxicillin are the least effective. There is an 

evident similarity in the antibiogram profile of bacteria isolated from 

skin and burn ward and in that of bacteria isolated from skin and 

blood suggesting that the burn ward is an important source for burn 

infections.   The effect of both silver sulphadiazin(11) and silver 

nitrate(0551) is studied on bacterial isolates of skin by the agar well 

diffusion technique. It is observed that there is no significant 

difference(p>0505) between the effect of these two agents on 

bacterial skin isolates. The study of humoral immunological factors 

reveals that there is a significant decrease(p>0505) in the mean level 

of IgG and IgA. Whereas, the mean level of IgM is not 

increased(p>0505) during bacterial infection of burn victims. 

Likewise, C3 and C4 complement components are not increased as a 

mean level for burn victims when compared to that of 

controls(p>0505). 

 List of Abbreviations 



ADCC antibody-dependent-cell-cytotoxicity 
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EMB eosin methylene blue 

ESBL extended spectrum beta lactamase  

GFR glomerular filteration rate 

IFN-γ interferon-gamma 

Ig immunoglobulin 

IgA,IgG,andIgM immunoglobulin A,G,and M 

IL-0,4,,2 interleukin-0,4,,2 

M mean 

MAC membrane attack complex 

MR methyl red reagent 

MRSA methicilline resistant Staphylococcus aureus 

PGE0 prostaglandin E0 

Py carbenicillin 

SD standard deviation 

S-IgA secretory immunoglobulin-A 

SN silver nitrate 

SRID test single radial immunodiffusion test 

SSD silver sulfadiazine 

SXT trimethoprim-sulfamethoxazole 

TBSA total body surface area 

TEM, SHV-S types of β-lactamase  
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 اىخلاصت
 اىسزٝزٝت ٍزو اىؼَز, اىجْس ٍٗؤشز بؼض اىَؼبٝٞز ححذٝذٚ ىإ ٕذٓ اىذراست حٖذف      

Boyd  اىَسبببث اىبنخٞزٝت لاخَبس اىحزٗق  أّ٘اع ححذٝذٚ ىإ حٖذف مَب ىَزضٚ اىحزٗق

ٗدراست حأرٞز بؼض اىَضبداث اىحٞبحٞت ػيٚ ٕذٓ اىَسبببث ، ببلإضبفت إىٚ ححذٝذ ٍسخ٘ٝبث 

 َزضٚ.ٖؤلاء اىاىَْبػٞت ى بؼض اىَؼبٝٞز

( 0224( إىٚ أٝبر ) 0225شَيج ٕذٓ اىذراست اىخٜ اسخَزث ىيفخزة ٍِ حشزِٝ اىزبّٜ )      

  ( ٍسحت ٍِ ردٕت اىحزٗق32( ػْٞت دً ٍِ ٍزضٚ اىحزٗق ٗ )67( ٍسحت جيذ، )87)

صحبء ( ػْٞت دً ٍِ الأشخبص الأ0,إضبفت إىٚ ) اىخببؼت اىٚ ٍسخشفٚ اىحيت اىخؼيَٞٚ اىؼبً,

 ىيَقبرّت.

ٍقبرّت ببىذم٘ر  60 أظٖزث ٕذٓ اىذراست بأُ اغيب حبلاث اىحزٗق مبّج بِٞ الإّبد       

أمزز فئت ػَزٝت  ٗمبّجٍقبرّت ببىسَظ.  طزٝقت ىيحزق مبّج ب٘اسطت اىيٖبٗأُ أمزز 

( سْ٘اث ٗمبّج طزٝقت اىحزق ببىسَظ ٕٜ الأمزز حذٗرب 5 −,ٍؼزضت ىلإصببت ببىحزق)

 %(. 3.,ٓ اىفئت اىؼَزٝت ٕٜٗ أمزز بنزٞز ٍِ اىيٖب) ببىْسبت ىٖذ

زٝب اىَ٘جبت فٜ ػْٞبث اىجيذ ٗاىذً ٗردٕت شٞ٘ػب ٍِ اىبنخ زٝب اىسبىبت أمززاىبنخ مبّج

( مبّج أمزز الأّ٘اع ػذداً ٍِ  Pseudomonas aeruginosa) مَب ٗأُ بنخزٝباىحزٗق 

ردٕت ػشىت ( ٗفٜ ػْٞبث  08) بت فٜ ػْٞبث اىجيذ ٗػذد ٕذٓ اىبنخزٝبِٞ اىبنخزٝب اىسبىب

( الأمزز ػذدا ضَِ Enterobacterمبّج بنخزٝب ) َبْ( بٞػشلاث 4اىحزٗق مبُ ػذدٕب ) 

( فٖٜ الأمزز ػذداً ٍِ بِٞ اىبنخزٝب  Staphylococcus aureus)بنخزٝب ػْٞبث اىذً. أٍب

 مبّج ػشلاث( فٜ اىذً بَْٞب8 ػشلاث(، ٗ)6 اىَ٘جبت حٞذ مبُ ػذدٕب فٜ ػْٞبث اىجيذ)

 .  )ػشلاث 6(فٜ ردٕت اىحزٗق ٕٜ الأمزز ٗبؼذد (  Entercoccus faecalisبنخزٝب)

(.  72مبُ أمزز ٍِ )  ىحبلاث اى٘فٞبث بسبب اىحزٗق  (  Boydإُ ٍسخ٘ٙ ٍؤشز )

 ّٗسبت اىحزق . اى٘فٞبث ٗقذ ٗجذ بأُ ْٕبك حْبسببً طزدٝبً بِٞ ّسبت

حبِٞ ٍِ بؼض اىَضبداث اىحٞبحٞت ػيٚ جَٞغ اىؼشلاث اىبنخزٝت. ٗقذ  حأرٞز تسادر جزث      

ِ: الاٍٞنبسِٞ ٗاىسبزٗفي٘مسيسِٞ َٕب الأمزز ِٞ اىحٞبحٞٝخلاه ٕذٓ اىذراست بأُ اىَضبد

اىَضبداُ اىحٞبحٞبُ: اىنبربْسٞيِٞ ٗالاٍ٘مسٞيِٞ  مبُ حأرٞزاً ػيٚ مو اىؼشلاث اىبنخزٝت بَْٞب

 َٕب الأقو حأرٞزاً . 

اىؼشلاث اىبنخزٝت  اىذراست بأُ ْٕبىل حشببٖب ٗاضحب فٜ َّظ اسخجببت أبزسث

ٗاُ ٕذا اىخشببٔ ٍ٘ج٘د أٝضب بِٞ  يَضبداث اىحٞبحٞتى اىَؼشٗىت ٍِ اىجيذ ٗردٕت اىحزٗق



ردٕت اىحزٗق ٕٚ ٍصذر ٌٍٖ لاخَبس ػشلاث اىذً ٗاىجيذ ىْفس اىَزٝض ٍَب ٝذه ػيٚ اُ 

 اىحزٗق.

ػيٚ  %(2.5)ٗاىسيفزّبٝخزٝج %(,)سيفبدٝبسِٝاىسيفز ت حأرٞز مو ٍِسادر جزث

أظٖزث اىذراست  ببسخخذاً طزٝقت اّخشبر اىحفز فٚ اى٘سظ اىشرػٚ. ػشلاث بنخزٝب اىجيذ

( بِٞ حأرٞز اىسيفزسيفبدٝبسِٝ  2.25ٝ٘جذ أٛ فزق ٍؼْ٘ٛ ) قَٞت الاحخَبىٞت <  بأّٔ لا

 ٗاىسيفزّبٝخزٝج ػيٚ ػشلاث بنخزٝب اىجيذ . 

فٜ اىَزضٚ  قيٞلا IgG  ،IgAاىني٘بٞ٘ىْٞبث اىَْبػٞت ّ٘ع مبُ ٍؼذه ٍسخ٘ٝبث 

سٝبدة فٚ حبلاث اخَبس  تفأّٔ ىٌ ٝظٖز أٝ IgMأٍب ٍؼذه ٍسخ٘ٙ . اىَصببِٞ ببخَبس اىحزٗق

،  C3ٗببىَزو فأُ ٍؼذه ٍسخ٘ٝبث ٍنّ٘بث ّظبً اىَخٌَ  ( 2.25) قَٞت الاحخَبىٞت <اىحزٗق

C6 شخبص الأصحبء ) قَٞت الاحخَبىٞت < ببىَقبرّت ٍغ الأ د فٜ ٍزضٚ اىحزٗقىٌ ٝشد

2.25 .) 
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Appendix (2) 

Morphological and Biochemical Features for Identification 

of Gram Negative Isolates 

 

*The major diagnostic test for P. aeruginosa is the production of blue(pyocyanin) pigment with the 

yellow / green pyoverdin(fluorescein) giving  the characteristic blue-green appearance of culture. 

 

Tests 

 

E.coli 

 

Klebsiella 

pneumoniae 

 

Enterobacter 

spp. 

 

Proteus spp. 

 

 

P.* 

aeruginosa 

 

Acinetobacter 

baumannii 

Gram’s     

stain 

 

G-ve,     

short 

rods 

G-ve, 

short 

rods 

G-ve 

rods 

G-ve 

rods 

G-ve 

rods 

G-ve 

Coccobacilli 

(Diplococci) 

Capsule _ + + _ + _ 

Oxidase _ _ _ _ + _ 

Catalase + + + + + + 

Indole + _ _ _ _ _ 

MR + _ _ + _ _ 

VP _ + + _ _ _ 

Citrate _ + + + + + 

Urease _ + _ + _ _ 

TSI A/A with 

gas 

A/A 

 with gas 

A/A 

with gas 

Alk/A with gas ALK/ 

ALK 

ALK/ 

ALK 

H2S _ _ _ + _ _ 

Motility + _ + + + _ 

Swarmig _ _ _ + _ _ 

Hemolysis _ _ _ _ +(beta) _ 

EMB Metalic 

sheen 

Centrally 

dark 

Centrally 

dark 

Pale Pale Pale 

Lactose  

fermenter 

+ + + 

(slow) 

_ _ _ 
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Morphological and Biochemical Features for Identification 

of Gram Positive Isolates 

 

 

 

 

Test Staph. 

aureus 

Staph. 

epidermidis 

Β-haemolytic 

Streptococci 

Enterococcus 

faecalis 

Gram’s 

stain 

G+ve cocci 

(clusters) 

G+ve cocci 

(clusters) 

G+ve cocci 

(chains) 

G+ve long cocci 

(often pairs) 

Capsule _ _ _ _ 

Oxidase _ _ _ _ 

Catalase + + _ _ 

Coagulase + _ _ _ 

Haemolysis +(beta) _ +(beta) _ 

Esculin test _ _ _ + 

Urease _  _ _  _ 

Growth on 

MacConkey 

_ _ _ + 

Mannitol 

fermenter 

+ _ _ + 

Motility _ _ _ _ 



Appendix (3) 

Antibiotic Resistance of Bacterial Isolates of Skin 

Type of 
bacterial isolates 

Number 
of 

Isolates 

Type of antibiotics 

AX* 

(%) 

Py* 

(%) 

AZM* 

(%) 

CTX* 

(%) 

AK* 

(%) 

CN* 

(%) 

CIP* 

(%) 

SXT* 

(%) 

Gram positive  bacteria 8 8 

(,221) 

8 

(,221) 

6 

(581) 

5 

(8,.61) 

, 

(,6.31) 

4 

(75.81) 

0 

(07.41) 

5 

(8,.61) 

Staph. aureus 6 6 

(,221) 

6 

(,221) 

0 

(521) 

6 

(,221) 

, 

(051) 

3 

(851) 

, 

(051) 

6 

(,221) 

Staph.  epidermidis 0 0 

(,221) 

0 

(,221) 

, 

(521) 

2 2 0 

(,221) 

2 2 

Enterococcus  faecalis , , 

(,221) 

, 

(,221) 

, 

(,221) 

, 

(,221) 

2 , 

(,221) 

, 

(,221) 

, 

(,221) 

Gram negative  
bacteria 

8, 82 

(17.41) 

8, 

(,221) 

60 

(51.01) 

82 

(17.41) 

07 

(31.61) 

47 

(15.81) 

04 

(34.41) 

48 

(16.31) 

Pseudomonas 
aeruginosa 

08 08 

(,221) 

08 

(,221) 

,4 

(51.051) 

08 

(,221) 

5 

(,7.51) 

08 

(,221) 

,6 

(5,.751) 

08 

(,221) 

Enterobacter spp. 02 02 

(,221) 

02 

(,221) 

,2 

(521) 

02 

(,221) 

,, 

(551) 

02 

(,221) 

0 

(,21) 

,1 

(151) 

E. coli ,0 ,0 

(,221) 

,0 

(,221) 

4 

(521) 

,0 

(,221) 

5 

(6,.41) 

,0 

(,221) 

5 

(6,.41) 

,0 

(,221) 

Klebsiella pneumoniae 8 8 

(,221) 

8 

(,221) 

8 

(,221) 

8 

(,221) 

5 

(8,.61) 

5 

(8,.61) 

6 

(58.,1) 

5 

(8,.61) 

Acinetobacter baumannii  3 3 

(,221) 

3 

(,221) 

0 

(44.81) 

3 

(,221) 

0 

(44.81) 

3 

(,221) 

, 

(33.31) 

3 

(,221) 

Proteus spp.  0 , 

(521) 

0 

(,221) 

, 

(521) 

, 

(521) 

       2 , 

(521) 

2 , 

(521) 

AX- Amoxicillin                Py- Carbenicillin                     AZM- 

Azithromycin                                   AK- Amikacin 

CTX- Cefotaxim               CIP- Ciprofloxacin             SXT- Trimethoprim-

Sulfamethoxazole        CN- Gentamicin 

 

 

Appendix (4) 



Antibiotic Resistance of Bacterial Isolates of Blood Culture 

Type of 

bacterial isolates 

Number 

of 

Isolates 

Type of antibiotics 

AX 

(%) 

Py 

(%) 

AZM 

(%) 

CTX 

(%) 

AK 

(%) 

CN 

(%) 

CIP 

(%) 

SXT 

(%) 

Gram positive  bacteria ,,   ,, 

(,221) 

,, 

(,221) 

8 

(43.4%) 

,2 

(12.1%) 

5 

(65.61) 

 

8 

(43.4%) 

4 

(44.81) 

,2 

(12.11) 

 Staph. aureus   8 8 

(,221) 

8 

(,221) 

4 

(75.8%) 

8 

(,221) 

5 

(8,.61) 

4 

(75.8%) 

5 

(8,.6%) 

8 

(,22%) 

β-haemolyticStreptococci 0  0 

(,221) 

0 

(,221) 

, 

(52%) 

, 

(521) 

2 , 

(521) 

, 

(521) 

, 

(521) 

Staph.  epidermidis  0 0 

(,221) 

0 

(,221) 

2 0 

(,221) 

2 2 2 0 

(,221) 

Gram negative  bacteria  ,3 ,3 

(,221) 

,3 

(,221) 

5 

(37.5%) 

,3 

(,22%) 

6 

(32.7%) 

,3 

(,221) 

3 

(03.,%) 

,3 

(,221) 

Pseudomonas aeruginosa 8 8 

(,221) 

8 

(,221) 

3 

(60.7%) 

8 

(,221) 

3 

(60.7%) 

8 

(,22%) 

2 8 

(,221) 

Enterobacter spp.  4  4 

(,221) 

4 

(,221) 

0 

(33.3%) 

4 

(,221) 

, 

(,4.8%) 

4 

(,22%) 

3 

(521) 

 

4 

(,22%) 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 Appendix (5) 

Antibiotic Resistance of Bacterial Isolates of Burn Unit 

Type of 

bacterial isolates 

Number 

of 

Isolates 

Type of antibiotics 

AX 

(%) 

Py 

(%) 

AZM 

(%) 

CTX 

(%) 

AK 

(%) 

CN 

(%) 

CIP 

(%) 

SXT 

(%) 

Gram positive  bacteria 7  7 

(,221) 

7 

(,221) 

5 

(40.5%) 

8 

(78.5%) 

2 

 

7 

(,221) 

6 

(521) 

8 

(78.51) 

Enterococcus  faecalis  6 6 

(,221) 

6 

(,221) 

3 

(85%) 

6 

(,221) 

2 6 

(,22%) 

6 

(,22%) 

6 

(,22%) 

Staph. aureus  3  3 

(,221) 

3 

(,221) 

0 

(44.8%) 

3 

(,221) 

2 3 

(,221) 

2 0 

(44.81) 

Staph.  epidermidis  , , 

(,221) 

, 

(,221) 

2 2 2 , 

(,221) 

2 , 

(,221) 

Gram negative  bacteria  ,4 ,4 

(,221) 

,4 

(,221) 

8 

(63.85%) 

,6 

(78.5%) 

5 

(3,.05%) 

,, 

(47.85%) 

0 

(,0.5%) 

,6 

(78.51) 

Pseudomonas aeruginosa  4 4 

(,221) 

4 

(,221) 

0 

(33.3%) 

4 

(,221) 

, 

(,4.4%) 

5 

(73.3%) 

0 

(33.3%) 

4 

(,221) 

Enterobacter spp.  3  3 

(,221) 

3 

(,221) 

, 

(33.3%) 

3 

(,221) 

3 

(,22%) 

0 

(44.8%) 

2 

 

3 

(,22%) 

E. coli  3         3 

(,221) 

3 

(,221) 

o , 

(33.3%) 

o o 2 , 

(33.3%) 

 Acinetobacter baumannii  0 0 

(,221) 

0 

(,221) 

0 

(,221) 

0 

(,221) 

, 

(521) 

0 

(,22%) 

2 0 

(,221) 

Klebsiella pneumoniae  0 0 

(,221) 

0 

(,221) 

0 

(,22%) 

0 

(,221) 

o 0 

(,221) 

      o 0 

(,221) 
  

2.2    Introduction           

       Burns are one of the most common and devastating forms of 

trauma. They induce a state of immunosuppression that predisposes 

burn victims to infectious complications(Church et al., 2006). The 

latter is the primary cause of morbidity and mortality in burn victims 

(Wibbenmeyer et al., 2006) .   



       The cause and risk of burn injury as well as the risk of burn death 

are influenced by the age of the patient, economic circumstances, 

season of the year and occupation; i.e., the risks of burn injury and 

fire death are greatest in the extremes of age, the low 

socioeconomic class and in winter months (Pruitt and Mason, 1996; 

Kobayashi et al., 2002).    

          Burn injury destroys the physical skin barrier that normally 

prevents the invasion of microorganisms and consequently, this 

injury provides novel sites for bacterial colonization, infection and 

clinical sepsis(Vindenes and Bjerknes, 1995). 

          It is clear that large open wound areas containing necrotic 

tissue and the general state of immunosupression that is caused by 

impaired cellular and humoral immunity make burn victims more 

susceptible to infection (Gang et al., 1999). In these conditions, 

microorganisms can easily multiply and colonize the wounds to high 

densities(Hodle et al., 2006). Immunologically compromised patients 

are also obliged to stay in high risk intensive care units for prolonged 

periods of time, during which they may be submitted to 

endotracheal intubation and/or catheterization of blood vessels and 

urinary bladder; also in these units, both the air and environmental 

surfaces are heavily contaminated. This is why burn victims are high 

risk groups for infections(Rastegar Lari et al., 2005).  



          Measures to prevent and treat infections are essential for the 

survival of patients with extensive burns(Ahmad et al., 2006). 

Initially, the burned area is considered free of major microbial 

contamination. However, Gram positive bacteria in the depth of 

sweat glands and hair follicles may survive the impact of initial injury 

and unless topical antimicrobial agents are applied, these bacteria 

heavily colonize the wounds within the first 47 hours post-injury. The 

organisms that predominate as causative agents of burn wound 

infection in any burn unit change over time where Gram positive 

organisms are initially prevalent and then gradually superseded by 

Gram negative opportunists(Pruitt and McManus, 1992). 

          To minimize the development of antibiotic resistance of the 

bacteria present at the burn wound and in other parts of the body, 

systemic antibiotic should not be given prophylactically but should 

be administered only on the basis of a secure clinical or laboratory 

diagnosis of infection (Pruitt et al., 1998).   

 

 

 

 

 



 Aims of The Study    

      Up to our knowledge, there is no recorded studies about the 

immune status, the bacterial aetiology and antibacterial treatment of 

burn patients who are admitted to the burn unit at Al-Hilla General 

Teaching Hospital, hence this study aims to:  

                  

1- Isolate and identify the aerobic bacteria from the skin and 

blood of burn patients as well as from burn unit, then to 

identify the relation among  these bacterial isolates. 

2- Study the effect of some antibiotics on bacterial isolates. 

3- Study the effect of silver   sulfadiazine and  silver nitrate on 

bacterial skin isolates. 

4- Clarify some clinical parameters including age, sex of burn 

patients and the Boyd index for the dead cases. 

5- Study some aspects of the humoral immunological factors in 

burn patients. 

 

 

 

 

 



2.1 Literature Review 

2.1.2 Anatomy and Physiology of Skin 

        Skin,  the largest organ of the body,  serves as a protective 

barrier preventing internal tissues from exposure to trauma, 

ultraviolet radiation, temperature extremes, toxins and bacteria, and 

it has other important functions which include sensory perception, 

immunologic surveillance, thermoregulation and control of 

insensible fluid loss(Hettiaratchy and Dziewulski, 2004). 

        The skin consists of three layers: epidermis, dermis, and 

subcutaneous tissue. Epidermis, the outermost layer, is composed of 

stratified epithelium and has two components: an outer layer of 

anucleate cornified cells called stratum corneum that covers an inner 

layer of viable cells which is the Malpighian layer, from which 

cornified superficial cells arise by differentiation(Palastanga et al., 

2000).                       

         Beneath the epidermis is the dermis which is composed of 

dense fibroelastic connective tissue stroma containing collagen 

elastic fibers and an extracellular gel termed the ground substance. 

The dermis contains an extensive vascular and nerve network and 

special glands and appendages communicating with the overlying 

epidermis (Klein et al.,  2004). The dermis  is divided into two parts; 

the first is the most superficial portion, the papillary dermis, is 



moulded against the epidermis and contains superficial elements of 

the microcirculation of the skin and it consists of relatively cellular, 

loose connective tissue with smaller, fewer collagen and elastic fibers 

than the second underlying portion, which is the reticular 

dermis(Marks, 2003).                                              

        Beneath the dermis is the third layer of the skin which is the 

subcutaneous tissue. It is composed of areolar and fatty connective 

tissue and contains skin appendages. It supports the dermis and the 

epidermis and provides an important source of stored 

energy(Hettiaratchy and Papini, 2004). 

 2.1.1  Mechanisms of Burn Injury 

2.1.1.2  Scald Injury 

           In children under 7 years of age, the most common burns are 

scalds(Herendon and Spies, 2001). In other words, about 801 of 

burns in children are caused by scalds, however; they also occur in 

elderly people. The common mechanisms are spilling hot drinks or 

liquids or being exposed to hot bathing water(Hettiaratchy and 

Dziewulski, 2004). 

 Scald burns are the leading cause of pediatric burn admission 

and related morbidity, as well as a major cause of pediatric death 

(Haziniski et al., 1993). Exposed areas of skin tend to be burned less 

deeply than clothed areas, as the clothing retains the heat and keeps 



the hot liquid in contact with the skin for a longer period of time 

(Yeoh et al., 1994). 

2.1.1.1   Flame Injury 

          Flame burns are the second most common mechanism of 

thermal injury(Munster, 1996). They comprise 501 of adult burns 

and are often associated with inhalational injury and other 

concomitant trauma(Hettiaratchy and Dziewulski, 2004). Although 

the incidence of injuries caused by house fires has decreased with 

the use of smoke detectors, smoking-related fires, improper use of 

flammable liquids, motor-vehicle collisions and ignition of clothing by 

stoves or space heaters also are responsible for flame burns. Patients 

whose bedding or clothes have been on fire rarely escape without 

some full-thickness burns(Pruitt et al., 1997). 

 

 2.1.1.3   Other Mechanisms of Burns 

       Flash burns are caused by intense heat for a brief time e.g., 

explosions of natural gas, propane, butane, petroleum distillates, 

alcohols and other combustile liquids(Yarbrough, 1997). They are 

typically epidermal or partial thickness and their depth depends on 

the amount and kind of fuel that explodes and time of exposure 

(Pruitt et al., 1998). 



       Contact burns result from contact with hot metals, plastics, glass, 

or hot coals(Margulies et al., 1997). They are usually limited in 

extent, but are invariably deep(Ahuja and Bhattacharya, 2004).  

       Other burn injuries include the electrical injuries in which the 

electric current will travel through the body from one point to 

another(Still et al., 1998). While the chemical burns are usually the 

result of industrial accidents and may occur with household chemical 

products, they tend to be deep as a corrosive agent continues to 

cause coagulative necrosis until completely removed. There are two 

aspects of a chemical injury, the first is the physical destruction of 

the skin and the second is any poisoning caused by systemic 

absorption(Wassermann, 2002). 

 

2.1.3  Pathophysiology of Burn Injury 

Thermal injury causes coagulative necrosis of the skin and 

underlying tissues to variable depth and it exerts deleterious effects 

on all other organ systems with the extent and duration of organ 

dysfunction proportional to the extent of burn(Hettiaratchy and 

Dziewulski, 2004). 

2.1.3.2  Local Response of Skin to Burn Injury 



          Regarding the local response of skin to burn injury, there are 

three zones of a burn first described by Jackson in 1948 as           

follows( Klein et al., 2004):   

a. Zone of coagulation: it occurs at the point of maximum damage 

and in this zone there is an irreversible tissue loss due to coagulation 

of the constituent protein. 

b. Zone of stasis: it surrounds the previous zone and is characterized 

by decreased tissue perfusion and the tissue in this zone is 

potentially salvageable and the main aim of burn resuscitation is to 

increase tissue perfusion here and prevent any damage becoming 

irreversible. 

c. Zone of hyperaemia: in this outermost zone tissue perfusion is 

increased and the tissue will invariably recover unless there is severe 

sepsis or prolonged hypoperfusion. 

 

2.1.3.1  Systemic Response to Burn Injury 

 Regarding the cardiovascular response, the changes that occur 

in this system are of vital importance and require treatment priority 

in order to limit volume deficits and prevent the development of 

hypovolaemic shock(Pruitt et al.,1998). The cardiovascular response 

has two separate phases: the first is the acute or resuscitative phase 



which immediately follows burn trauma and lasts for about 47 hours. 

It is characterized by hypoperfusion of tissues and organs and is 

thought to be caused by hypovolemia following injury(Pruitt and 

Mason,1996). The second phase is the hypermetabolic phase 

characterized by increased blood flow to the tissues and organs and 

increased internal core temperature. During this phase rapid  edema 

formation occurs and is attributed to hypoproteinaemia which 

favours the outward movement of water from the capillary to the 

interstitium (Demling, 2005). 

 The pulmonary response is characterized by an increasing 

evidence of lung inflammation(pneumonitis) beginning in the first 

several hours after a local burn injury and lasting for at least 5 days 

and these processes are initiated by oxidants, especially hydroxyl 

radicals. Moreover; systemic activation of complement may initiate 

the process of lung inflammation(Sener et al., 2002). The 

inflammatory mediators cause bronchoconstriction and, in severe 

burns, adult respiratory distress syndrome can occur(Hettiaratchy 

and Dziewulski, 2004). Inhalational injury is caused by the minute 

particles within thick smoke, which, because of their small size, are 

not filtered by the upper airway, but are carried down to the lung 

parenchyma and stick to the moist lining causing an intense reaction 

in the alveoli leading to chemical pneumonitis. The presence of 



inhalational injury has a very significant effect on the mortality of any 

burned patient(Wassermann, 2002). 

 Regarding the renal response, there is a post burn decrease in 

renal blood flow and glomerular filteration rate(GFR) because of the 

diminished blood volume and cardiac output, the resulting oliguria if 

untreated may progress to acute renal failure. However, following 

resuscitation, renal blood flow and GFR increase to suprarenal levels 

in concert with the increase in cardiac output characteristic of post 

burn hypermetabolism(Pruitt et al., 1998). It is quite clear that acute 

renal failure is rare if prompt, adequate resuscitation is 

accomplished. Although the GFR may decrease in the first few hours 

following burn injury, it rapidly returns to a normal level with 

adequate resuscitation(Dimick, 1977). There is another form of 

delayed renal failure which develops later and has a more complex 

pathogenesis because it is related to sepsis and multi-organ failure 

and is most often fatal, this is attributed to hypovolemia and 

ischemia secondary to multi-organ failure and sepsis, in addition 

there may be precipitation of myoglobulin in the renal tubules 

leading to tubular necrosis with resultant renal failure (Planas et al., 

1972). 

 While the gastrointestinal response includes the following 

conditions: adynamic ileus, gastric dilatation, increased gastric 

secretion and ulcer incidence, gastrointestinal hemorrhage and 



decrease mesenteric blood flow which are among the important 

effects of thermal injury on gastrointestinal system(Smith et al., 

1997). Increased bacterial translocation and macromolecular leak 

have been well documented after burn injury(Herek et al., 2000). 

Intestinal ischemia resulting from decreased splanchnic blood flow 

may activate the neutrophils and tissue bound enzymes such as 

xanthin oxidase and those factors destroy the gut mucosal barrier 

and result in bacterial translocation; i.e., there is a gut barrier leak 

after burn which may be the source of circulating endotoxins. 

Endotoxin, a lipopolysaccharide (LPS) derived from the outer 

membrane of Gram negative bacteria, translocates across the 

gastrointestinal tract barrier within one hour of thermal injury 

(Alexander et al.,1990). Endotoxins are potent activators of the 

macrophages and neutrophils, this leads to the release of the 

massive amounts of oxidants; arachidonic acid metabolites and 

proteases, which cause further local and systemic inflammation in 

burn-induced tissue damage( Youn et al., 1995).                

2.1.4  Immune Response Secondary to Thermal Burns        

           Major injury due to trauma and burns has been demonstrated 

to increase susceptibility to infectious complications and related 

multi-organ failure because of a suppressed immune system (Atiyeh 

and Al-Amm, 2001). Various components of immune system have 

been incriminated, including loss of barrier function of skin, tissue 



ischemia and destruction(Mack et al.,1996), neutrophil dysfunction, 

abnormality in opsonic activity, depletion of complement cascade, 

helper cell dysfunction, macrophage dysfunction and increase in the 

prostaglandin E2(PGE2) level(Decker et al., 1996).  Furthermore, 

Atieyh and Al-Amm (2001) suggest that the immune suppression is 

the result of T-cell dysfunction with failure of interleukin-2(IL-2) 

production. Kelly et al.(1998) point out that susceptibility to sepsis 

after severe burn injury is correlated with reduced production of T-

helper-1(Th-1) cytokines(IL-2) and interferon-gamma(IFN-γ). 

Likewise, they mention that burn injury induces the loss of antigen-

specific Th-1 cell function and IL-10 acts as a trigger to down-

regulate Th-1 activity after injury. It seems that the normal immune 

defense mechanisms start to become suppressed in burn injuries of 

around 251 of total body surface area(TBSA)(Di Piro et al., 1995). 

Robins(1990) point out that neutrophil intracellular killing power is 

reduced as oxygen delivery to the wound is decreased. Besides, cell-

mediated immunity is depressed and T-cell lymphocyte counts are 

decreased. Meakins (1990) suggests that activation of a pro-

inflammatory cascade plays an important role in the development of 

major complications associated with burn trauma. With regard to 

this, macrophages are major producers of pro-inflammatory 

mediators, namely PGE2, IL-6 and tumor necrosis factor-alpha(TNF-

α)(MacMicking et al., 1998). Dysregulation of macrophage activity 

leading to increased release of pro-inflammatory factors appears to 



be of fundamental importance in the development of the post-burn 

immune dysfunction, in addition to the T-cell dysfunction, 

glucocorticoids and T-helper(Th)2 cytokines which are also regarded 

as causative factors for post-burn immune dysfunction(Schwacha 

and  Somers, 1997). Barlow(1994) stated that thermal trauma 

resulted in impaired immune function which had been attributed to 

reduction in T lymphocyte numbers, increased suppressor cell 

activity, serum suppression factors and related cytokine synthesis 

and receptor expression on T-cells. Messingham et al. (2002) found 

that the loss of lymphocyte production of IL-4 after burn injury may 

contribute to the exaggerated production of IL-6, a known mediator 

of immune suppression after injury. IL-2 is the primary cytokine 

required for T-lymphocyte activation and proliferation. It has been 

well established that one of the main factors contributing to 

decrease T-lymphocyte function, and thus cellular immunity, after 

burn injury is a dramatic decline in IL-2 production(Messingham et 

al., 2001). Another important immunological aspect of thermal injury 

is the increased production of eicosanoids, which are metabolites of 

arachidonic acid(e.g. prostaglandins, leukotrienes, thromboxanes). 

Prostaglandins, which are elevated in burned patients, are 

considered important immunosuppressive mediators and 

macrophages from burned hosts exerting an enhanced prostaglandin 

productive capacity(Schwacha et al., 2002). Since cyclo-oxyginase 

enzyme is responsible for some of the deleterious consequences 



associated with thermal injury, cyclo-oxyginase enzyme inhibitors are 

capable of restoring the various aspects of immune function and 

improve survival after thermal injury(Strong et al., 2000).                                                                           

          It was concluded that severe burn injury regularly induces an 

early transient increase in circulating suppressor cells accompanied 

by a depression of lymphocyte activation. A later (greater than 

14days post-burn) increase in suppressor cells to levels detectable by 

functional assays is closely correlated with mortality from sepsis 

(McIrvine et al., 1972). Prolonged skin allograft survival in burned 

patients is a good indicator for the suppressed cellular immune 

responsiveness in these patients(Demling, 2005).                                                                     

2.1.4.2 Effect of Thermal Burns on Humoral Immune  

Response                                                                    

         Immunoglobulin G (IgG) accounts for approximately 851 of the 

total serum immunoglobulins in normal adults and is the most 

abundant antibody produced during secondary humoral immune 

responses in the blood. It is the only antibody to pass through the 

placenta and is therefore the most abundant immunoglobulin in 

newborns. Immunoglobulin M(IgM), which constitutes 

approximately 101 of normal serum immunoglobulins, is the main 

immunoglobulin produced early in the primary immune response 

and is the most efficient complement fixing immunoglobulin. 



Immunoglobulin A(IgA) is the predominant immunoglobulin 

produced by B-cells in Peyer’s patches, tonsils, and other submucosal 

lymphoid tissues and it accounts for only 10-151 of serum 

immunoglobulin, it is by far the most abundant antibody class found 

in saliva, tears, intestinal mucus, bronchial secretion, milk, prostatic 

fluid and other secretions, so it is called the secretory 

immunoglobulin A(S-IgA)(Brooks et al., 2004). Roberts and 

Steihm(2001) point out that in severe thermal burns, acquired 

immuno-deficiency occurs as a result of protein-losing states, this 

reflects the decrease in the level of IgA after burn injury. Serum IgG 

levels are decreased after burn injury and gradually return to normal 

over the next two to four weeks(Pruitt et al., 1998). Dimick (1977) 

points out that the depression of immunolobulins both IgG and IgM 

occurs and persists for 2-3 weeks following burn injury. Robins(1990) 

mentioned that humoral immunity is altered with the drop  in the 

IgG levels. Tabata et al.(1996) clarify that there is decreased IgM 

synthesis after burn injury which may represent continued immune 

impairment in burn patients. Moreover, the immunoglobulin levels 

including IgA are decreased in patients with burn injury(Maitra, 

2003; Demling, 2005).                                                                                                   

2.1.4.1 Effect of Thermal Burns on Complement Activation 

        Complement component 3(C3) is the critical component for the 

activation of all pathways of complement activation, thus this 



component is associated with specific(classical) and nonspecific 

(lectin and alternative) pathways. Complement component 4(C4) is 

the second component of complement system in the classical 

pathway which is activated via antibody-dependent pathway; this 

means that this component is associated with specific immunity 

(Brooks et al., 2004). The final step of complement activation in all 

pathways is the formation of membrane attack complex(MAC)which 

makes holes and destroys membrane of bacteria(Roitt et al., 2001). 

Magliacani and Stella(1990) pointed out that massive activation of 

the alternative complement pathway was seen in burn injured 

patients. This activation was associated with the generation of 

neutrophil aggregating activity in the plasma, neutrophil aggregates 

in the lungs, increased pulmonary vascular permeability, and 

increased lung edema formation. Furthermore, they mentioned that 

decomplementation with analogue of cobra venom factor or genetic 

C5 deficiency diminished these pathologic changes and cobra venom 

factor pretreatment substantially reduced burn mortality in the first 

24 hours after injury. During burn injury, complement disappears 

rapidly but is also reconstituted rapidly (Dimick, 1977).                                                            

2.1.5  Burn Severity 

        There are many factors that determine the severity of a burn 

injury including the size of the burn which is the major factor, the 

depth of the injury, the age and general health of the patient and the 



presence or absence of inhalational injury(Glasheen et al., 1973). A 

general idea of the burn size can be made by using the rule of nines 

for adult patients and by Lund-Browder charts that are particularly 

helpful in assessing pediatric burns. For smaller burns, an accurate 

assessment of burn size can be made by using the patients palmer 

hand surface including the digits, which accounts to approximately 

11 of TBSA (Hettiaratchy and Papni, 2004).  

         Burn wound depth is a significant determinant of patient's 

treatment and morbidity. According to their increasing depth, burn 

wounds are classified into 4 categories: epidermal(first degree burn), 

superficial and deep partial thickness(second degree burn), full 

thickness (third degree burn) and fourth degree burns(Johnson and 

Richard, 2003). Superficial burns and superficial partial thickness 

burns typically heal without any need for surgical excision and 

grafting. Dressing changes and daily wound care can remove necrotic 

debris and facilitate healing with minimal scaring. For deep partial 

thickness and full thickness burns, however, operative debridement 

with subsequent skin graft coverage is necessary(Klein et al., 2004). 

The four degrees of burns( Kao and Garner, 2000; Hettiaratchy and 

Papni, 2004) are : 

a-First degree burns: in these burns, minor epithelial damage of 

epidermis exists with redness, tenderness and pain but without 

blistering. 



b-Second degree burns are superficial partial and deep partial 

thickness burns in which some portion of the skin appendages 

remains viable, allowing epithelial repair of the burn wound without 

skin grafting. The superficial partial thickness burn involves the 

epidermis and superficial (papillary) dermis. They are pink, moist, 

soft and tender, healing in approximately 2-3 weeks usually without 

scarring by outgrowth of epithelial buds from the viable 

pilosebaceous units and sweat glands residing in papillary and 

reticular dermis. Deep partial thickness burns extend into the 

reticular dermis and heal within 3-6 weeks, but with scarring. Skin 

graft is prefered for this type of burn. 

c-Third degree burns are full-thickness that destroy both epidermis 

and dermis. Skin grafting is always necessary to resurface the injured 

area. 

d-Fourth degree burns cause full thickness destruction of skin and 

subcutaneous tissue with involvement of underlying fascia, muscle, 

bone or other structures. 

2.1.6  Burn Wound Infection 

         Infection is a major complication of burn injury and is 

responsible for 50-601 of deaths in burn patients. It is promoted by 

loss of epithelial barrier of skin, malnutrition induced by the 



hypermetabolic response to burn injury and by a generalized post-

burn immunosuppression (Abston et al., 2000). 

The burned tissue, which is rich in protein and moist by virtue 

of the trans-eschar movement of fluid and serum serves as an 

excellent microbial culture media(Pruitt et al., 1998). 

Microbial colonization of the open wound, primarily from an 

endogeneous source begins within 24 hours and is usually 

established by the end of first week after burn injury (Noronha and 

Almeida, 2000).  

Since there is a variability of both local and systemic clinical 

manifestations of invasive burn wound infection, great emphasis is 

placed on the proper identification of burn wound microbial flora by 

the clinicians treating burn wound sepsis(Ahmad et al., 2006). 

Infection risk is directly correlated with the area of burn injury; 

the larger the injured area, the higher the risk of 

infection(Wibbenmeyer et al., 2006). Other contributors to infection 

include comorbid conditions, the use of invasive devices such as 

catheters and poor hand hygiene among health care staff(Hodle et 

al., 2006). 

         Because of the immunocompromized state of burn patients as 

well as their intense longstanding hypermetabolism, they do not 

exhibit the usual clinical parameters of infection. Thus the surgeon 



must be constantly aware of the clinical state of the patient and be 

alert for any subtle changes which are often the first indicators of 

incipient sepsis e.g., any changes in burn wound appearance, 

softening of the eschar or surrounding cellulitis, beginning of 

purulent material to issue from the wound or once-healthy 

granulation tissue may begin to deteriorate (Press, 1998). In other 

words, the occurrance of local, multifocal or generalized dark brown, 

black or violaceous discoloration of the burn wound is one of the 

earliest and most frequently observed signs of burn wound infection( 

El Morsi, 1990).  

2.1.6.2  Mode of Transmission of Infection 

There are numbers of ways in which microorganisms can gain 

access to a wound either by direct contact by transfer of 

microorganism from equipment or hands of health care workers, or 

by air born dispersal in which microorganisms deposited from the 

surrounding air, or lastly by self-contamination from the patient's 

skin or gastrointestinal tract(Collier, 2003). 

2.1.6.1 Diagnosis of Burn Wound Infection 

          The diagnosis of infection in burn patients is confounded by the 

fact that most of the systemic and many of the laboratory signs of 

infection are mimicked by the physiologic response to severe injury 



i.e. burn patients have an inflammatory state from the injury itself 

that can mimic infection(Ansermino and Hemsley, 2004). 

Because clinical and laboratory signs are not reliable in making 

the diagnosis of infection in severely burned patients, reliance must 

be placed on daily examination of the entire burn wound to identify 

changes indicative of local infection. The examination of the wound 

is best carried out at the time of daily cleansing when all dressings 

and topical applications have been removed (Pruitt et al., 1997). 

Local dark red, brown or black discolouration of the burn wound is 

the most common tinctorial change associated with burn wound 

infection(Pruitt and McManus, 1992). Conversion of an area of 

partial-thickness injury to full-thickness necrosis is the most reliable 

sign of burn wound infection(Al-Akayleh, 1999).  

Wound biopsy, followed by histological examination and 

quantitative culture, is the definitive method for the diagnosis of 

burn wound infection. However, it is time-consuming and expensive, 

making it impractical as a routine diagnostic technique. Therefore, 

diagnosis of infection relies strongly on clinical parameters, with the 

aid of blood, skin surface cultures to identify likely 

pathogens(Ansermino and Hemsley, 2004).  

2.1.2  Systemic Sepsis  



        As local microbial growth increases, the potential for invasion to 

subjacent viable tissue and penetration into circulation increases. 

The burn wound, especially when covered with necrotic eschar, is a 

common site for primary infection in burned patient; other sites are 

common including the upper and lower respiratory tracts, urinary 

tracts and less frequently infections from osteomyelitis or 

suppurative phlebitis (Rabson, 1977). 

      Many organisms that are normal flora on the skin and in the 

intestine are beneficial and pose no threat, but when they spread 

throughout the body by way of blood stream, they can progress to 

overwhelming infection unless the body defenses destroy them. In 

other words, if the microorganisms from the burned wound invade 

the unaffected tissue, local sepsis develops; if they invade the 

lymphatic and vascular systems, systemic sepsis develops(Komolafe 

et al., 2003). Even so, when sepsis ensues, while awaiting the results 

of blood cultures, knowledge of the organisms that colonize a burn 

wound can facilitate prompt and appropriate antibiotic treatment 

that is based on the expected sensitivity of the identified 

microorganism, rather than initiating a purely empirical therapy. So 

there is need for qualitative and quantitative tests that are more 

rapid than bacterial culture       (Devos et al., 1998). 

           Although effective topical antimicrobial chemo-therapy and 

early excision of burn wounds have significantly reduced the 



occurrence of invasive burn wound infections, sepsis is still a major 

problem(De Macedo  et al., 2003). The risk of septicaemia increases 

in proportion to the degree of cutaneous infection(Pirnay et al., 

2003). 

         Clinically, any change in the patient's general health should lead 

to a high suspicion of sepsis. Possible changes include unexplained 

hypotension, tachypneoa, spiking fevers above the patient's daily 

baseline, tachycardia, new onset of ileus, altered mental status, 

thrombocytopenia, hyper or hypoglycemia, hypoxia or hypothermia 

and decreased urine output or progressive leucocytosis and/ or 

leucopenia(Press, 1998).        

2.1.8  Nosocomial  Infection 

 A nosocomial infection is one that is acquired in a hospital or 

health care facility. In the same manner, the infection was not 

present or incubating at the time of admimission (Diekema and 

Pfaller, 2003). 

 Nosocomial infections are considerable problem for health 

services in all countries, with serious effects on the survival of high 

risk patients, such as burn patients. In burn ward, primary blood 

stream infections, pneumonia and infection of burn sites are very 

dangerous complications that can compromise the patients survival 

and the outcome of reconstructive treatment (Torregrossa et al., 



2000). The microbiological profile studies reflect the hospital 

environment and vary from hospital to another(Ogunsola et al., 

1997). In general, there has been a change in the main infective 

organisms over time from β-hemolytic streptococci to resistant Gram 

negative organisms including Pseudomonas, resistant Gram positive 

organisms, and fungi. However, infection control measures help to 

minimize cross infection between patients and acquisition of 

nosocomial pathogens such as methicilline-resistant Staphylococcus 

aureus(MRSA) or multi-resistant Gram-negative bacteria(Ansermino 

and Hemsley, 2004). 

 The medical and nursing staff can also be responsible for cross-

contamination between patients simply by moving from one room to 

another-they are an involuntary vehicle for germs. So good hygienic 

and environmental control can prevent the diffusion and the 

development of multi-resistant germs(Bollero et al., 2003). Clinical 

trials demonstrate that hand washing can decrease approximately 

301 of the incidence of nosocomial infections(Doebbeling et al., 

1992). 

2.1.1    Bacterial Aetiology 

2.1.1.2   Pseudomonas aeruginosa   

      It is a non-fermentative aerobic Gram negative rod that is 

prevalent in hospital environment and can cause severe nosocomial 



infections besides its ability to cause disease in particular susceptible 

individuals(Passador et al.,1993). 

           Despite the introduction of a wide variety of antimicrobial agents 

with antipseudomonal activities, life threatening infections caused by 

Pseudomonas aeruginosa continue to be a common complication in 

burn patients(Estahbanati et al., 2002) and to contribute 

substantially to burn related morbidity and mortality world-

wide(Mayhall, 1996).  

                 Numerous Pseudomonas aeruginosa virulence factors 

contribute to the pathogenesis of burn wound infections. Pilli and 

flagella are essential for their ability to persist in the burn wound and 

cause disseminated infections (Gillespie and Bamford, 2003). 

Protease promotes infection and dissemination. Elastase degrades 

collagen and non-collagen host proteins. Therefore, elastase disrupts 

the host physical barriers which inhibit the spread of 

infections(Lyczak et al., 2000). Elastase also inhibits monocyte 

chemotaxis which can clear the infections by phagocytosis as well as 

antigen presentation to the host immune system(Kharazmi and 

Nielsen, 1991). Multi-drug resistant P. aeruginosa has frequently 

been reported as the cause of nosocomial outbreaks of infection in 

burn units or as colonizers of the wounds of burn patients(Richard et 

al., 1994).                

2.1.1.1   Staphylococcus aureus 



         It is a Gram positive spherical non-motile bacterium usually 

arranged in grape-like irregular clusters(Mims et al., 2004).  It is one 

of the most virulent and common nosocomial pathogens. The 

colonization with Staphylococcus aureus is associated with more 

operative procedures and prolonged admissions(Reardon et al., 

1997). The mechanism of antimicrobial resistance in Staphylococcus 

aureus is an alteration in the penicillin-binding proteins of the 

organisms and it confers cross-resistance to all other β-lactam 

antimicrobials including cephalosporins (Lowy, 1997). 

The risk factors associated with MRSA infections are age, ward 

type, previous hospitalization, invasive procedures and length of 

hospitalization(Asenssio et al., 1996). MRSA can be transmitted by 

hands and environmental routes. MRSA colonization/ infection in a 

burn unit has an important implication because it provides reservoir 

within the unit and increases the risk of infection for other patients. 

Infection with MRSA increases the morbidity and mortality in burn 

patients including the risks for bacteremia and loss of skin 

grafts(Cook, 1997). 

 The pathogenicity of staphylococci contributes to hemolysis of 

the blood, coagulation of the plasma and production of extracellular 

enzymes and toxins which act on host cell membrane and mediated 

the cell destruction(Mims et al., 2004). 

2.1.1.3   Enterococcus faecalis 



        They are Gram positive cocci, facultative anaerobe, catalase- 

negative, hydrolyze esculin and they grow readily on ordinary 

nutrient media and on MacConkey agar(Collee et al., 1996). 

        Enterococci have emerged as an important nosocomial 

pathogen (Murray, 2000). They are the third most common cause of 

primary blood stream infections in medical-surgical intensive care 

units in the United States of America(Kao and Garner, 2000). About 

70-901 of entrococcal infections are caused by E. faecalis (Cetinkaya 

et al., 2000). 

        The major reasons that enterococci stay in the hospital 

environment are their intrinsic resistance to commonly used 

antimicrobials and their ability to develop resistance either by 

mutation or by receiving foreign genetic materials(Jones et al., 

1976). Enterococci can spread resistant genes to other bacteria by 

conjugation and genetic exchange through plasmids and 

transposons. Vancomycin-resistant enterococci spread rapidly and 

have become a major problem in many institutions during the last 

decade(Franz et al., 1999; Bonten et al., 2001).  

2.1.1.4    Streptococcus pyogenes 

          It was the most common cause of burn wound and systemic 

infections in the pre-antibiotic era and is still to be feared in burn 

wounds(Al-Akayleh, 1999). It is usually seen within the first few days 



of injury and it is characterized by rapid deterioration in the state of 

burn wound and invasion of neighboring healthy tissue. Penicillins 

are the drug of choice for treatment and erythromycin or 

vancomycin can be used for penicillin allergic patients(Mims et al., 

2004).   

2.1.1.5   Acinetobacter baumannii 

        They are strictly aerobic, Gram negative bacilli or coccobacillary 

rods (often diplococco-bacilli), catalase-positive, oxidase-negative, 

non-lactose fermenter (Brooks et al., 2004). Acinetobacter species 

are one of the causes of persistant  nosocomial infections. They are 

carried on the hands of hospital personnel(Hsueh et al., 2002) and 

are most likely to involve the respiratory tracts, urinary tracts and 

wounds and may progress to septicaemia(Cisneros et al., 1996). 

Isolates of A.baumannii, particularly those recovered from patients 

with nosocomial infections, are frequently resistant to multiple 

antimicrobial agents, including cephalosporins, aminoglycosides and 

quinolones(Pandey et al., 1997).The pathogenicity of bacteria is 

related to the presence of small capsule and production of β-

lactamase similar to that of MRSA bacteria with high antibiotic 

resistance(Iskandar et al., 2003). 

2.1.1.6    Klebsiella pneumoniae 



          Bacteria belonging to the genus Klebsiella frequently cause 

human nosocomial infection, in particular the medically most 

important species, K.pneumonia which accounts for a significant 

proportion of nosocomial infection like urinary tract infection, 

pneumonia, septicaemia and soft tissue infection (Podschun and  

Ullmann, 1997). Most of the clinical isolates of K.pneumoniae are 

fully encapsulated and adhere in vitro to intestinal cell lines with 

aggregative patterns. Its polysaccharide capsule plays an active role 

during the initial steps of pathogenesis by protecting the bacterium 

from phagocytosis by the polymorph-nuclear granulocytes and 

prevents killing of the bacteria by bactericidal serum 

factors(Podschun et al., 1992). Several pilli are also involved in the 

adherence of this bacterium to the host cell (Tarkkamen et al., 1990).  

2.1.1.2  Enterobacter spp. 

          It is a motile member of enterobacteriaceae. It rarely causes 

disease in a healthy individual(Alhambra et al., 2004). Patients most 

susceptible to acquire infections with this opportunistic pathogen are 

those who stay in the hospital, especially the intensive care units for 

prolonged periods, those using foreign devices such as intravenous 

catheter and those with serious underlying conditions including 

burns and immunosupression(Clark et al., 2003). Most isolates 

involved in nosocomial infections are resistant to multiple 

antibiotics(Arpin et.al.,1996).    



2.1.20 Burn Wound Care 

         Attention should be directed to the burn wound itself only after 

resuscitation has been initiated and hemodynamic and respiratory 

stability are being restored(Pruitt et al., 1998). 

          It is important that the treatment of burn infection includes 

antibiotic therapy, removal of necrotic tissues, ensuring the blood 

and oxygen supply to the wound, the augmentation of the immune 

state of the burned patient and the adequate diet (Bowler et al., 

2001). 

      One aim of initial wound management is to prevent invasive 

infection. So aggressive surgery and the use of topical antimicrobial 

agents are effective. The latter slows wound colonization and is of 

use before definitive surgery(Ansermino and Hemsley, 2004). 

2.1.20.2 Systemic Antibiotics and Topical Antimicrobial 

Treatment  in Burn 

       When properly used, systemic antibiotics are considered as a 

valuable therapeutic modality in the burn patient; however, 

injudicious use may not only fail to be beneficial to the patient but 

may also produce harmful effect either through direct toxicity or by 

contributing to the emergence of resistant strain of 

microorganism(Lesseva and Hadjiiski,  1997).                                                                                                           



          Combination of antibiotics in treatment of burn infections are 

not always synergistic or even additive in effect, they may have a 

predisposing effect to superinfection by yeast or resistant organisms. 

In general, prophylactic systemic antibiotics for burned patients are 

indicated in only few clinical situations including the immediate 

preoperative and postoperative periods associated with excision and 

auto grafting and possibly in the early phases of burn in 

children(Dasco et al., 1978).                                                                                                           

         Imipenem/ cilastatin has been used during the last years for the 

treatment of life threatening infections caused by multi-drug 

resistant nosocomial strains in patients with severe burns(Lesseva 

and Hadjiiski, 1997). It is active against Gram negative aerobic and 

anaerobic pathogens including Enterobacter spp., Seratia spp., P. 

aeruginosa, Acinetobacter spp., and also(unlike third generation 

cephalosporin) against Gram positive organisms like coagulase-

negative and positive Staphylococci, and Streptococci(Wilson, 1995). 

Antibiotic usage patterns that are effective in one ward may not be 

effective in another ward or at another time in the same 

ward(Sanyal et al., 1997).                                 

        Selective decontamination of the digestive tract using non- 

absorbable antimicrobial agents that spare the anaerobic flora was 

shown to reduce colonization and infection rates in intensive care 

unit patients including trauma patients(Reidy and Ramsy, 1990). 



This approach was of  value in the management of severe burns 

(>301 TBSA). The regimen for adults consisted of tobramycin (70mg), 

polymyxin E(100mg), and amphotercin B (500mg)given orally or 

through the nasogastric tube four times a day (Kanchannapoom and 

Khardori, 2002).                   

       In order to prevent the emergence of resistance to antibiotics, 

the current recommended treatment protocols suggest withholding 

the administration of antibiotics until there is sufficient evidence of 

infection in the burn wounds and focus on preventive measures such 

as debridement and cleansing of the affected area. The antibiotics 

normally employed in the treatment of burn infection are ampicillin, 

amoxicillin and cephalosporins which are used in the first week 

whereas carbencillin, gentamicin, amickacin, one of the third 

generation cephalosporins, are administered in the second week, 

given as single agent or in combination(Mansour and Enayat, 

2004).                                          From historical point of view, the 

topical antimicrobial agents, silver products have been used many 

years ago for their beneficial effects, often for hygiene and in more 

recent years as antimicrobials on wounds due to burns, trauma and 

diabetic ulcers(Silver et al.,2006). The basis for   the   use of topical 

antimicrobial agents in burn patients is simple. Eschar is formed on 

both partial and full-thickness burns. With increasingly thick eschar 



over deeper burns, the distribution of systemically administered 

antibiotics to eschar is not reliable.      

        Silver   sulfadiazine (SSD) is   the   most  frequently  used topical  

antimicrobial agent that was introduced in the early 1980s by Fox 

(Japoni et al., 2005). It is used in a 11 concentration and acts via 

inhibition of microbial DNA replication and altering the cell 

membrane structure of microorganism. It is a bactericidal and acts as 

a broad spectrum agent against Gram positive and most of Gram 

negative bacteria and some yeasts(Abston et al., 2000). Minimal pain 

is associated with its application. It is non-staining and its wound 

penetration is intermediate between rapidly absorbed mafenide and 

poorly absorbed silver nitrate(Press, 1998). Some patients treated 

with this agent develop transient leucopenia that does not result in 

cessation of treatment. Systemic absorption may produce reactions 

characteristic to sulphonamides, including crystaluria or 

methaemoglobinaemia (Noronha and Almeida, 2000). 

       Silver nitrate solution (SN) was introduced in 1965 by Moyer. It is 

not toxic in a 0551 concentration, but it has a significant antimicrobial 

effect. Its effect may result from silver ions that readily combined 

with sulphydryl, carboxy, phosphate, amino and other biologically 

important chemical groups in the microorganisms(Carcin et al, 

2004). It is a broad spectrum agent, bacteriostatic at 0551; 

development of resistance to the silver ion is distinctly uncommon. 



There is minimal absorption from the wound making toxicity virtually 

unknown(Press, 1998). The solubility properties of SN mandate 

preparation in distilled water, therefore a 0551 solution is markedly 

hypotonic so results in substantial leaching of sodium, potassium and 

other plasma solutes from the burn wound. It does not penetrate the 

eschar and needs bulky and frequent dressing changes; besides, SN 

stains every thing it touches brown or black. These side effects limit 

the use of SN(Noronha and Almeida, 2000). Other topical 

antimicrobial agents include mafenide which is a topical sulfonamide 

that diffuses freely into the eschar and has a broad antibacterial 

spectrum. Its mechanism of action is unknown. It has the best eschar 

penetration of any agent and it also efficiently penetrates 

cartilage(Press, 1998). It is a strong carbonic anhydrase inhibitor and 

its use results in an alkaline diuresis and can lead to acid-base 

abnormalities especially metabolic acidosis when used on >201 of 

the body surface area. Significant pain results from its application 

probably due to its high osmolarity(Honari, 2004). 

Chlorhexidin(hibitane) and organic iodine preparations (povidone-

iodine-betadine) are also used as topical treatment of burn 

wound(Silver et al.,2006).                                                                         

Acticoat is a nanocrystalline silver-containing dressing. It has 

beneficial antimicrobial properties of the silver ion by coating the 

dressing material with a thin, soluble silver film. This dressing 

appears to maintain antibacterial levels of silver ions in the wound 



for up to 5 days. Because it remains on the burn wound for up to 5 

days, the patient spared the pain associated with dressing changes as 

well as the expense(Yin et al., 1999). Topically applied aztreonam 

alone and in conjunction with its systemic administration is used in 

the control of Gram negative burn wound infection(Kamel and El 

Megeed, 1998).                                          

2.1.20.1 Surgical Management  of Burn Wounds  

        Burn wound excision removes necrotic tissue that serves as a 

nidus for microbial proliferation and the development of burn wound 

sepsis (Drost et al., 1993). The advantages of burn wound excision 

include a lesser incidence of invasive burn wound infection and 

fewer complications, decreased hospital stay and associated lesser 

costs, an earlier return to work, and a greater likelihood that the 

patient will return to work(Pruitt et al., 1998). 

        The best replacement for lost skin is skin itself (Bollinger and 

Delford,1991). Autografting is the best procedure for the 

replacement of skin defect due to deep dermal burn; hence, the skin 

grafting is the standard care in deep dermal burns and also decreases 

burn-related mortality and morbidity(Deved et al., 1997). Besides 

autografting, biological dressings are also used. These include 

allografts, xenografts and amniotic tissue. More recent procedures 

are the use of synthetic skin as epidermal sheets to cover the burned 

wounds(Pruitt et al., 1998).                                              



1.2 Materials:    

1.2.2  Laboratory Equipments and Apparatuses 

 

Table (1-2) Equipments and Aapparatuses Used Throughout The 

Study 

 

  

 

Company (Origin) Equipment 

Stermite- Japan.  Autoclave 

                Germany            Bunsen burner 

Hermle- Japan  Centrifuge  

Memmert-Germany Hot air oven 

Classico-India Hot plate 

Memmert- Germany Incubator  

Olympus-Japan  Light microscope  

Oxford, USA Micropipette   

Satorius membrane filters 

GmbH- W. Germany  

Millipore filter paper  

Olympus-Japan Ocular lens 

Hoeleze&Cheluis,KG-Germany pH meter   

Concord- Italy  Refrigerator  

A & D-Japan Sensitive electric balance  

Discardit-Spain Sterile syringe 

  Memmert- Germany Water bath 

GFL- Germany 

 

Water distillator 



1.2.1 Chemical and Biological Materials  

Table (1-1) The Chemical and Biological Materials Used Throughout 

The Study 

Company (Origin) Material 

 

B.D.H.- England. 

 

 

 

 

 

Fluka chemika-

Switzerland. 

 

Radian dehyene- 

England  Jorden- Sahab 

A-Chemical Materials 

- α-naphthol, KOH, esculin, ferric 

ammonium citrate, HCl, isopropyl 

alcohol, methyl red, tetramethyl-P-

paraphenylene diamine 

dihydrochloride,  

 

-111 ethanol, glucose, H0O0,  

p-dimethylaminobenzaldyde,  

111 methanol, urea solution. 

 

-Silver nitrate 

  -Silver sulfadiazine 

 

 

 

 

Mast  Lab.- England   

 

 

 

 

 

Diffco-USA 

 

 

Biomaghreb-Tunisia 

 

B-Biological Materials: 

- Culture media:  

 Agar-agar , Blood agar base, Brain 

heart infusion agar, MacConcky agar, 

Mannitol salt agar, Nutrient agar, 

Müller-Hinton agar, Nutrient broth, 

peptone broth. 

 

Triple sugar iron agar(TSI agar), MR-

VP broth, Simmon’s citrate agar, Urea 

agar base . 

-IgG, IgA, IgM, C3, C6 endoplates 

 



1.1  Patients and Methods  

1.1.2  Patients  

 

          Seventy eight(87) burn patients(36 males and 42 females) 

whose ages range between(2-65) years were included in this study 

which lasted from November/2005 to May/2006. Those patients 

were clinically diagnosed by specialist doctor as having burn wound 

infection and were admitted to the burn unit at Al-Hilla General 

Teaching Hospital. They were suffering from second to third degree 

(flame and scald) burn injury and their burn percentage was ranging 

from 10-701 TBSA. 

1.1.1  Controls 

          Twelve apparently healthy subjects (clinically assessed by 

specialist doctor) were included as controls in this study. Their ages 

range between (10-40) years.  

1.1.3  Specimens Collection 

1.1.3.2 Skin and Burn Unit Swabs 

 

BDH- England 
C-Stains: 

-Gram stain: crystal violet, iodine, 

safranin 

      

 

 

  



          Skin swabs were taken from the pus of the burned area of all 

patients before the bathing of the affected area(before 

hydrotherapy). Thirty swabs were taken from the burn unit(medical 

appliances). Each swab was placed in a sterile tube containing 

normal saline till reaching the laboratory to be inoculated on culture 

media(Blood agar, MacConkey agar and Nutrient agar) and incubated 

aerobically for 24- 47 hours at 38C˚(Collee et al., 1996).  

1.1.3.1 Blood Samples 

          Out of the (87) burned patients, 47 patients were subjected for 

blood sampling. Blood samples were collected twice from the same 

patients to reduce the probability of contamination by commensal 

types of skin flora, in addition to the precautions taken to achieve 

aseptic technique. Blood culture bottles were incubated aerobically 

at 38C˚ for 2-8 days with frequent manual shaking of the bottles 

during the incubation period and then to be cultured on different 

types of culture media to detect the bacterial growth(Collee et al., 

1996). Those who were positive regarding blood culture were 

included in the immunological assays.  

         Three ml of blood were taken from those patients and from the 

controls: 1ml for blood culture and the other  two ml were used for 

the separation of sera involved in immunological assays. The two ml 

were put in sterilized plane tube to clot at 38C˚ for (30-45) minutes, 



then sera were separated by centrifugation for 15 minutes at 3000 

rpm. Haemolysed serum is avoided (Lewis et al., 2001). 

1.1.4  Methods 

1.1.4.2 The Preparation of Reagents 

I-Methyl red(MR) reagent: 051 gram of  methyl red was  dissolved  in 

300 ml of 991 ethanol and then completed the volume to 500 ml by 

distilled water, it was used for differentiation of organism’s ability to 

produce acid as an end product when fermenting dextrose 

(MacFaddin, 2000) . 

II-Voges –Proskauer(VP) reagent: 

 Reagent A- Five gram of alpha-naphthol was dissolved in 100 ml of 

991 ethanol . 

 Reagent B- Forty gram  of  KOH  was dissolved in 100 ml  of distilled 

water; it was used for differentiation of organisms produced   

acetylmethylcarbinol end products when fermenting dextrose         

(Collee et.al.,1996) . 

III-Oxidase reagent : It was  prepared  by dissolving  051 gram of  

tetramethyl-paraphenylene diamine dihydrochloride in 10 ml of 

distilled water and then was stored in a dark container. It was used 



for the detection of the ability of bacteria to produce oxidase 

enzyme(Baron et.al.,1995) . 

IV-Catalase reagent : 31 solution of H2O2  was used to detect the 

ability of bacteria to produce catalase enzyme (Baron et. al.,1995). It 

was stored  in a dark container.  

V-Kovac's reagent: 

          It was prepared by dissolving 5 gram of (P-dimethyl-

aminobenzaldehyde) in 85 ml amyl alcohol, and then 25 ml of 

concentrated hydrochloric acid was added. This reagent was used for 

detection of indole production(MacFaddin, 2000). 

1.1.4.1 The Culture Media 

          All culture media were prepared according to the instructions 

of               manufacturer manual:- 

1.1.4.1.2-Esculin medium: The esculin is 6,8-dihydroxycoumarin 6-

glucoside which has inhibitory effect on xanthine oxidase 

enzyme(Capell et al., 1995). Esculin  medium  was prepared from 

nutrient  agar  with 054 gm  ferric  ammonium  citrate  and  4 gram 

esculin;  then  the volume was completed to 1000 ml with distilled 

water.  Afterwards the medium was distributed in tubes and 

sterilized by  autoclave; it was prepared as slants (MacFaddin, 2000). 



It was used for differentiation of group D streptococci from other 

streptococci. 

1.1.4.3  Stains  

Gram’s stain: This stain was used to differentiate Gram-negative 

from Gram-positive bacteria and was carried out according to Collee 

et al., (1996). 

1.1.4.4 Identification of Bacteria  

          A single colony was  taken from each  primary positive culture  

on blood agar and on MacConckey agar and it was identified 

depending on its morphology(colony shape, size, colour, borders, 

and texture) and then it was examined by the microscope after being 

stained with Gram’s stain. After staining, the biochemical tests were 

done on  each  isolate  to  complete the  final  identification (Collee 

et al., 1996; Baron et al., 1995; Benson, 1997; MacFaddin, 2000; and 

Murray et al., 2003). 

 

1.1.4.5 Biochemical Tests 

1.1.4.5.2 Catalase Test: A colony of  the  organism is transferred by  

sterile  wooden  stick  to the surface of a clean, dry glass slide,  and 

one  drop  of  31  H2O2  is  added  to it. The  formation  of  gas 

bubbles indicates the positive result(Baron et al.,1995). 



1.1.4.5.1  Oxidase Test : A piece  of   filter  paper  was  saturated 

with  oxidase  reagent;  then a colony of  organism was spread  onto 

the filter paper. If the color turned rose to purple, the oxidase  test 

would be positive(Baron et. al.,1995). 

1.1.4.5.3 Coagulase Test is an important method for differentiation 

between pathogenic and non-pathogenic strains of staphylococci.        

     The test was read  by  tilting  the  tube  and observing for clot  

formation  in the plasma (Murray et al., 2003).  

1.1.4.5.4 Indole Test is used for the determination of the 

organisim’s ability to produce indole from deamination of 

tryptophan by tryptophanase. The formation of red color ring at top 

of broth indicates for a positive reaction while a yellow color ring  

indicated a  negative  reaction(MacFaddin, 2000).   

1.1.4.5.5 Methyl Red Test: It is employed to detect the production 

of sufficient acid during the fermentation of glucose. The  change of 

color to orange was a positive reaction(Murray et al., 2003).  

1.1.4.5.6 Voges-Proskauer(acetoin production) Test: The VP test is 

used to detect acetoin(acetyl-methyl-carbinol), which is produced by 

certain bacteria during growth in peptone glucose broth(MR-VP 

broth) The positive result was changing of the color of the  medium 

to red. (MacFaddin, 2000).    



1.1.4.5.2 Simmon’s Citrate Test: The citrate test was used to 

determine the ability of a bacterium to utilize citrate as its only 

source of carbon. The positive result was a change of the color of 

media from green to blue (Baron et al.,1995).  

1.1.4.5.8 Triple Sugar Iron(TSI) Test: The aim is to differentiate the 

enterobacteriaceae according to carbohydrate fermentation and  

hydrogen  sulfide  production(Murray et al., 2003).  

1.1.4.5.1  Urease Test: Urease is an enzyme that breaks the carbon-

nitrogen bond of amides to form carbon dioxide, ammonia and 

water. The urea base agar was sterilized by autoclave, after that it 

was cooled to 50 Co and urea substrate was added to it and it was 

poured in sterile tubes; then it was inoculated by bacterial cultures, 

which were incubated for (24 - 47) hours at 38Co. When urea was 

broken down, ammonia was released and the pH of the medium 

increased. This pH change was detected by a pH indicator that turned 

pink in a basic environment.  

A pink medium indicated a positive test for urease. Failure of deep 

pink color to develop was a negative reaction(Collee et al., 1996).  

1.1.4.5.20 Esculin Test: The organism was grown in an esculin 

slants. The dark brown color was the positive result. The unchanging 

 color was a negative reaction. This reaction presumptively  identifies 

 group D  streptococci (Capell et al.,1995).  



1.1.4.5.22 Mannitol Salt Agar: The medium was inoculated with 

bacterial colonies then incubated at 38Cº for 24 hours. The color 

changed from pink to bright yellow when the bacteria was lactose 

fermenter and meant positive result, while unchanging color of the 

medium was a negative result(Collee et al., 1996). 

1.1.4.5.21 Eosin Methylene Blue(EMB) Agar:  Lactose  fermenting   

colonies were either dark or possessed dark  centres  with 

transparent  colorless peripheries, while organisms that did not 

ferment lactose remained  uncolored(Murray et al., 2003).  

1.1.4.5.23 Motility Test(Semisolid Media): Non  motile  bacteria 

gave growth that is confined to the stab-line and had sharply defined 

margins leaving the surrounding medium clearly transparent. Motile 

bacteria typically gave diffuse hazy growth that spread throughout 

the medium rendering it slightly opaque(Murray et al., 2003). 

1.1.4.6 Antibiotics Sensitivity Test: -   

        Antibiotic diffusion test (Kirby-Bauer susceptibility test) was 

carried out  according to  (MacFaddin, 2000). Antibiotics discs 

potency was supplied from Bioanalyse(Turkey) (Table2-3).  

Antibiotics AX Py CTX CN AK CIP SXT AZM 

Disc potency  

       μg/ml 

22 011 01 01 01 2 02222202.2 02 



 Table (1-3): Antibiotic Disc Potency 

AX: Amoxicillin;    Py: Carbenicillin;    CTX:  Cefotaxim;   CN: Gentamicin;  

AK: Amikacin;   CIP: Ciprofloxacin;  SXT: Trimethoprim-Sulphamethoxazole;  

AZM: Azithromycin.  

 

1.1.4.2 The Effect of Silver Sulphadiazin  and Silver Nitrate 

on Bacterial Growth: 

       This is done according to Starodub and Trevors(1979). 

  a. Plates of Müller Hinton agar with 5mm diameter wells made by 

cork                                  porer were prepared under aseptic 

conditions(2 holes were made in each agar plate). 

  b. Bacterial suspension of previously identified bacterial isolates 

was made by adding growth from (5) isolated pure colonies grown 

on a blood agar plate to (5ml) nutrient broth. This culture was then 

incubated for 2 hours to produce a bacterial suspension of moderate 

turbidity(MacFaddin; 2000). 

  c. The most frequent skin bacteria obtained in this study were 

included in this test: two types belonging to Gram positive bacteria: 

Staph. aureus and Staph. epidermidis and four types of Gram 

negative bacteria:  P. aeruginosa,  Enterobacter, Klebsiella and E.coli.  



  d.  A sterile swab was used to obtain an inoculum from each type of 

bacterial suspensions and then to streak with the swab on the 

surface of Müller Hinton plates. 

  e. The two wells in Müller Hinton agar were filled, one with 11 silver 

sulphadiazin cream and the other with 0551 silver nitrate solution by 

using sterile micropipette and under aseptic conditions. 

  f. The plates were incubated aerobically in darkness for 24hours at 

38C˚.  

  g. Resistance and susceptibility was defined as no zone of inhibition 

or significant inhibition zone respectively. 

1.1.4.8  Determination of Immunoglobulin and 

Complement Levels:      

Principles of single radial immunodifution(SRID) test: 

          Equal volumes of control and test serum samples were added 

to wells in an agarous gel-containing a mono-specific antiserum. The 

sample diffuses radically through this gel and the substance being 

assayed(antigen) forms a precipitation ring with the mono-specific 

antiserum(Lowell, 2001). Ring diameters were measured by viewing 

device(ocular). Unknown concentrations were determined from the 

tables supplemented with each type of endoplate which contains 12 

wells(Lewis et al., 2001).  



           Procedure 

A- Endoplates and the serum(of patients and control) were 

removed from refrigerator. Reagents were equilibrated to 

room temperature. 

B- Plate was removed from ziplock bag. After lid removed, the 

wells were inspected for moisture. If moisture was present, 

plates were left uncovered to remain at room 

temperature(approximately 15 minutes) until moisture 

evaporated. 

C- Sera of patients were thoroughly shaken(in their own 

containers) by inversion. Each patient’s sample was dispensed 

onto the appropriate wells. Each well required 5 μl of serum. 

D- After lid was replaced, it was incubated at room temperature 

on a level surface. Incubation times were 47 hours for IgG, IgA,  

C3 and C4 tests and 82 hours for IgM test. 

E- Immunopreciptin ring diameters were microscopically 

measured by ocular lens to the nearest 051mm. The calculated 

diameters were compared to the standard diameter to 

calculate the concentrations of serum humoral factors(Lowell, 

2001).   

1.3  Statistical analysis: 

          Mean, standard deviation, and T-test (p-value (0505)) were 

carried out according to Bowers (1998).  



3.2  Clinical Study   

3.2.2  Sex Influence and Burn Injury  

                   A total of 87 burn cases were included in this study(Table 

3-1). It was seen that 42 cases (53571) were noticed among females 

and 36 cases(46521) among males, also flame burns were clearly 

more frequent 48:87(60531) than scald burns 31:87(39581). 

Likewise, flame burns were the major cause of burn injuries in 

females 27(35591) when compared with that of scald injuries14 

(18591). Meanwhile, this difference(between flame and scald injury) 

was slightly noticed among males 19 (24541) and  18 (21571) 

respectively.  

Table(3-2) Sex Distribution and Type of Burn 

Type of Burn Total 

Cases 

Sex 

Flame Scald 

01     

 (24242) 

0.     (20212) 03   (43222) Male 

21   

 (02212) 

04   

  (0.212) 

42   (20212) Female 

4. 

(31202) 

00   

 (012.2) 

.1       

(0112) 
Total 

 

           Traditionally women do all cooking for the family and have 

higher incidence of domestic burns (Nega and Lindtjorn, 2002). The 

results of this study agree with Mercier and Blond(1996) in fact  that 



the domestic burn injuries were common among females more than 

males. In this study, flames are considered as the major cause of 

injuries. This may be attributed to the accidents of home generators, 

kerosene stoves, lanterns and portable kerosene heaters. 

Wassermann(2002) found that burns by flame are most common in 

severely burned adult patients. El-Sonbaty and El-Oteify(1990); Attia 

et al., (1998) found that flame injury represented the most common 

cause of burn injuries(66571) and tended to affect females more than 

males. Moreover, they clarified that kerosene stoves were the most 

common source of flame injury. Similar results have been reported 

by          

          In this study, scalds were responsible for 39581 of burn 

injuries. By contrast, in Ethiopia, Nega and Lindtjorn(2002) found 

that scald (591) was the leading cause of burn followed by flame 

(341). So the causes of  burn injury are highly individualized in each 

country, largely depending on the standard of living and life style as 

well as the developmental stage of country.  

 

3.2.1  Age and Burn Injury 

     

            The  results in  Table (3-2 ) showed that the most affected age 

group was that under five years 20:87 cases (25561) in whom scald 



injury is the major cause 19:20 in comparison with flame injury 1:20. 

In other words, 951 of burns under five years of age were due to 

scald injury. This indicates that there is a good association between 

age and cause of burn injury. These results are in agreement with 

that recorded in Egypt(Massoud and Mandil,  1992) and Lybia 

(Shahin et al.,1997).   

 

Table(3-1): Distribution of Burn Patients According to Age 

and Type of Burn Injury 

             

             

Total Cases Type of Burn Age 

Groups 

(years) 
% 

 

No. 

 

Flame Scald 

% No. % No. 



           

 

 

          *one case aged 65 years  

  

          Age is an important epidemiological determinant for injuries 

including burn(Alden et al., 2005). This study reveals that about one 

fourth of the studied sample is children of less than five years, nearly 

half of the cases are between (10-40)years old. While those aged(40) 

years and over represent only (41) of cases. This age distribution is 

similar to that found by Subrahmmangam(1991). However, the 

discrepancy between the relatively low percentage of injury in the 

old age group in the present study and the higher percentage (16581) 

reported by  Glasheen et al., (1973)  in the United  States of America 

2223 

0224 

0.21 

0420 

021 

1 

.2. 

223 

223 

020 

21 

02 

04 

00 

0 

. 

3 

2 

2 

0 

 

020 

.2. 

0420 

0420 

021 

.2. 

324 

223 

020 

020 

 

0 

3 

00 

00 

0 

3 

2 

2 

0 

0 

 

2420 

.2. 

021 

1 

1 

020 

020 

1 

020 

1 

01 

3 

0 

1 

1 

0 

0 

1 

0 

1 

 

0  – 2 

3  −01 

00 −02 

03 − 21 

20 − 22 

23 −01 

00 −02 

03 − 41 

40 −42 

43*< 

011 .1 3120 4. 012. 00 Total 



might be explained by the social structure in Iraq, where older 

individuals usually live within the family and are served by younger 

members thus decreasing their probability of exposure to hazardous 

situation and hence their liability to injury is decreased. This pattern 

means that burns tend to occur more in certain age group reflecting 

the particular behavioral patterns associated with age. In children, 

the lack of coordination and unawareness of dangerous substances 

play important roles in the increasing rate of burn exposure. In 

addition, young children are not adequately supervised because of 

large families and lack of domestic safety measures (Attia et al., 1998 

). 

3.2.3  Burn Injury and Mortality                                               

          The results expressed in Table(3-3) shows that both the 

positivity of skin culture in relation to the total number of cases for 

each percentage of burn and the number of the deaths increase with 

the increment of the percentage of burn. The number of dead cases 

is increased when burn percentage is equal or more than 401 and 

reaching maximum when burn percentage is 601 and more. Reig et 

al.(1992) indicate that the extensive  burns are more likely to be 

colonized and invaded by microorganisms and they demonstrate a 

significant association between increasing burn size and increasing 

incidence of Gram negative pathogenic bacteria.  

 



Table(3-3) Relation Between Burn Percentage, Skin Culture 

and Number of Deaths 

      

        In this study, all the dead cases were symptomatic and have 

positive blood culture for bacteria namely Enterobacter,  

Pseudomonas and  Staph. aureus. The death occurs during 

hospitalization and specifically in the second  week of admission to 

the hospital. Their symptoms were fever more than 3755 C˚, 

hypotension, pain, tachycardia, tachypnea, oliguria and 

disorientation. They were suffering from second degree deep partial 

thickness to third degree full thickness burns. The Boyd  index (Table 

3-4), which is the result of the summation of the age of burn patients 

No. of Deaths 

during 

Hospitalization 

No. of Positive 

Skin Culture 

No. of 

Cases 

Burn 

Percentage 

1 02 01 012 

1 1 01 022 

1 03 01 212 

0 1 1 222 

1 0 0 012 

1 4 4 022 

2 1 1 412 

0 4 4 212 

0 0 0 312 

0 0 0 .12 

0 0 0 .22 

2 2 2 112 

1 3. .1 Total 



in years and  the  percentage  of  the  burn, is a good predictor for 

the severity of  burn  injury. If the Boyd  index  is 70 or more  means 

 

 

 

 

 

 

 

 

 

 

 

 

 

  that  there  is  a  high probability of death from burn injury 

(McGregor,1997). 

 



 Table(3-4) Boyd Index for The Dead Cases 

Boyd  

Index 

Percentage 

of burn 

Age 

(year) 

Bacterial Blood 

Isolates 

No. of 

Deaths 
08 05 0 Enterobacter spp. , 

61 62 1 P.  aeruginosa 0 

53 62 ,3 Staph. aureus 3 

,,5 52 45 Staph. aureus 6 

72 42 02 P.  aeruginosa 5 

77 82 ,7 P.  aeruginosa 4 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

,26 85 01 Enterobacter spp. 8 

17 72 ,7 Enterobacter spp. 7 

17 72 ,7 Enterobacter spp. 1 



 

                       

          The Boyd  index explains that both the age and the percentage  

of  the  burn are important risk factors for mortality. Alden et 

al.(2005) point out that socioeconomic factors, especially poverty, 

are important determinant of the occurrence of burn injury, but 

patient factors such as age are the major determinant of  survival. 

           Hodle et al. (2006) mention the risk factors for septicemia in 

burned patients including patient factors like extent and depth of 

burn, the age of patient, pre-existing diseases and the physical 

environment of the wound itself. They point out that an increased 

risk of septicemia is associated with burns of more than 301 from the 

total body surface area, full thickness skin destruction, extremes of 

age i.e. infancy and old age, diabetes, cardiopulmonary disease, 

inhalation injury, malnutrition, a poor blood supply to the wound 

and a moist warm wound environment, and they explain that 

microbial factors  influence the balance between resistance and 

susceptibility to infection. Furthermore, they notice that by the 

second week of the injury, the predominant bacteria is usually Gram 

negative and these are able to proliferate in necrotic tissue and by 

entering blood vessels, spread to remote tissues and organs. 

Moreover, invasiveness and virulence are related to the ability of 

organisms to produce endotoxin, exotoxin, permeability factors and 



enzymes and to their intrinsic characteristic such as the capsule 

composition . 

       In this study only one case aged 65 years suffered burn injury 

then died; she had a history of chronic disease(hypertension and 

heart failure). This agrees with Koupil et al.(2000) who state that age 

and concomitant chronic disease contribute to the high mortality 

and higher frequency of complications in geriatric patients who 

suffer burn injuries. 

       All the dead cases were females. This may be attributed to the 

immunosuppression effect of female sex hormones because 

estrogen mediates a sex difference in the post burn period; this 

immunosuppression increases the susceptibility to sepsis(Gregory et 

al., 2000), in addition to the pattern of clothing of the females when 

they are doing the domestic work and to the mechanism of burn 

injury they suffer(Ahuja and Bhattacharya, 2004). Only two dead 

cases had been injured by scald, whereas the other seven dead cases 

had suffered from flame injury. The flame injury is more dangerous 

than the scald. This agrees with                De Macedo(2003) who 

stated that the flame burn was the predominant cause of burn 

amongst patients who had sepsis due to the fact that this agent 

produces deeper and more extensive lesions than other agents 

leading to more colonization of burn wound and then to sepsis and 

death.                               



3.1 Isolation of Bacteria 

 

           A total of 156 samples consisting of 87 skin swabs, 47 blood 

specimens and 30 burn ward swabs were subjected for culturing on 

bacterial culture media. The results shown in Table(3-5) revealed 

that 107 samples(69521) gave positive bacterial culture whereas 

47(30571) showed no bacterial growth. Regarding skin swabs, 68:87 

(75591) were positive bacterial cultures consisting of single growth 

56(73561), and mixed bacterial growth11(16541). Meanwhile, no 

bacterial growth was found in 11:87 (14511) of skin swab cultures. 

The single and mixed bacterial growth results of skin swabs are 

shown in Table(3-6). These results agree with that obtained by 

Bagdonas(2004) who found that 76551 of skin swabs were positive 

for bacterial growth. Also, Al-Akayleh, (1999) reported that negative 

bacterial growth was found in approximately 171 of the cultures of 

skin swab. 

       

 

 

 

 

 



 

Table(3-5)  Number and Percentage of Bacterial Isolates from Burn 

Patients and Burn Unit 

 

Table ( 3-6 ) Bacterial Isolates Obtained from Skin Swab Culture 

Source of Culture Result 

 

 

Total of Samples 

No.     (%) 

Burn  Unit 

No.   (%) 

Blood 

No.    (%) 

Skin 

No.     (%) 

011    

 (31222) 

0. 

(232.2) 

24 

(21%) 

3. 

(12212) 

 

Culture Positive 

11     

 (10202) 

01 24 23 Single Growth 

01     

  (032.2) 

. 1 00 Mixed Growth 

41     

 (01212) 

00 

(40202) 

24 

(212) 

00 

(04202) 
Culture 

Negative 
023   (0112) 01    (0112) 41       (0112) .1    (0112) Total 

Mixed Growth Single Growth 



                The high percentage of positive bacterial cultures of the skin 

swab may be attributed to the fact that the burn wound has a much 

higher incidence of infections compared with other forms of trauma 

because of extensive skin barrier disruption as well as alteration of 

cellular and humoral immune responses(Sanyal et al. ,1997).        

          Regarding the blood culture(table3-8), results showed that 

positive bacterial cultures were found in 24:47 (501 )of burned 

patients. This result is higher than that obtained by De Macedo et al., 

(2003) in Brazilia who showed that (19541) of burned patients 

developed proven sepsis. In this study, the high rate of positive blood 

culture may be attributed to the high level of nosocomial infections 

acquired from medical devices in burn wards, the crowding of wards 

No. ( %) Bacterial 

Isolate 

No. ( %) Bacterial  

Isolate 
3 (08 % ) P.aeruginosa+  

Enterobacter spp.  
0 (3.4 % ) Staph. aureus 

0 (,7.0 % ) P.aeruginosa + E.coli 0 (3.4 % ) Staph. epidermidis 
0 (,7.0 % ) P.aeruginosa + S.aureus ,7 (30., % 

) 
P.aeruginosa 

, (1., % ) P.aeruginosa + 

 Enterococcus faecalis 

,5 (04.7 % 

) 
Enterobacter spp. 

, (1., % ) P.aeruginosa + 

A.baumannii 
1 (,4 % ) E.coli 

, (1., % ) Enetrobacter spp.+ 

 Proteus spp. 
8 (,0.5 %) K. pneumoniae 

, (1., % ) Enterobacter spp.+ E.coli 0  (3.4 % ) A.baumannii 

― ― , (,.7 % ) Proteus spp. 

00(0112)  ― 23(0112) Total 



with burned patients and the unavailability of recent techniques in 

the 

sterilization of burn wards. 

           In this study, all the controls were negative for bacterial blood 

culture. 

           The burn unit samples showed positive cultures in 

18:30(56581). Ten of them were of single growth, the other 8 were 

mixed bacterial cultures(Table3-7). These findings reflect the higher 

percentage of bacterial contamination of the burn unit which 

explains the higher percentages of positivity of both skin and blood 

cultures found  in this study. Torregrossa et al., (2000) observe that 

nosocomial infections are now clearly in a phase of expansion as 

testified by statistical findings and particularly in intensive care units 

including burn units.  

 

 

 

Table ( 3-2 ) Bacterial Isolates Obtained from Blood Culture 

No. ( %) Bacterial Isolate 



 

 

 

 

Table ( 3-8 ) Bacterial Isolates Obtained from Burn Unit 

 

3.3 Types of  Bacterial Isolates   

         As shown in Tables(3-9) and (3-10) which showed the frequency 

of bacteria in skin swab, blood and burn ward cultures, it is clear 

8 (01.0 %) Staph.aureus 

0 (7.3 % ) Staph.epidermidis 

0 (7.3 % ) β.haemolytic streptococci 

8 (01.0 %) Enterobacter spp. 

4 (05 % ) P. aeruginosa 

24 (0112 ) Total 

Mixed Growth Single Growth 

No. ( % ) Bacterial 

 Isolate 

No. ( %) Bacterial 

Isolate 
, (,6.075 % ) P. aeruginosa+ 

Enterobacter spp. 
0 (02 % ) Staph. 

aureus 
, (,6.075 % ) P. aeruginosa 

+E.coli 

0 (02 % ) Enterococcus 

faecalis 

, (,6.075 % ) P. aeruginosa 

+Klebsiella 

0 (02 % ) P. aeruginosa 

, (,6.075 % ) P. aeruginosa 

+A. baumannii   

0 (02 % ) Enterobacter  

spp. 
, (,6.075 % ) Staph.aureus 

+ E.coli 

, (,2 % ) K. pneumoaiae 

, (,6.075 % ) Enterococcus faecalis 

+ Staph.epidermidis 
, (,2 % ) A. baumannii 

, (,6.075 % ) Enterococcus faecalis 

+E.coli 
― ― 

.(0112) ― 01(0112) Total 



from the total number of isolates that Gram negative bacteria are 

more frequent than Gram positive type. This agrees with Kamel and 

El-Megeed (1998) who found that Gram negative bacteria represent 

about 651 of micro-organisms that cause burn wound infection and 

that this type of bacteria has assumed a primary lethal role among 

the cases of  burn wound infection and septicaemia.  

       The Gram negative bacteria cause trouble in three different 

ways: first, they produce a large quantity of pus-containing toxins 

which may kill surviving skin cells and thus convert an initially partial 

thickness burn into a full thickness burn, and absorption of toxins 

may cause general illness. Secondly, the large amount of pus 

produced may float off skin and cause great difficulty in success of 

skin graft. And thirdly, the invasive properties of these organisms are 

generally considered to be low, but a large burn causes such debility 

that septicemia can easily occur, especially with P. aeruginosa, and 

this condition will be fatal unless it is treated energetically (Muir et 

al,1978). The predominance of Gram negative bacteria is clear from 

the high frequency of P.aeruginosa in each source of the cultures. 

This agrees with Maitra(2003) who states that after burn injury, the 

most common isolated microorganism is the opportunistic type like 

P.aeruginosa and MRSA. Mousa(1998) found that P. aeruginosa is 

the most frequent bacteria in burn wound infections. The reasons for 

this high prevalence may be due to factors associated with the 



acquisition of nosocomial pathogens in patients with recurrent long 

term hospitalization complicating illnesses, prior administration of 

antimicrobial agents and the immunosuppressive effects of burn 

trauma(Arslan et al., 1999; and Yotis, 2005). In the blood 

cultures(Table 3-10), Enterobacter is slightly more frequent than 

Pseudomonas (8 and 6 isolates), respectively. The source of 

Enterobacter bacteraemia is either from burn wound or as a result of 

bacterial translocation which is caused by failure of the gut barrier, 

the imbalance of intestinal flora and impaired host immune 

defenses, all these conditions are caused and enhanced by burn 

injury (Herek et al.; 2000). It is clear that the burn wound can be 

contaminated by microorganisms that migrate from the 

gastrointestinal, urinary and respiratory tracts (Bowler et al., 2001). 

This indicates the idea of autoinfection that the burn patients suffer 

from in addition to the infection acquired from the burn unit 

itself(Collier, 2003). In the skin swab cultures, other Gram negative 

bacteria rather than  Pseudomonas are Enterobacter, E.coli, 

Klebsiella, Acinetobacter and Proteus, whereas in the burn ward, 

Enterobacter is  followed by E.coli, Acinetobacter and Klebsiella. In 

this study, the last two bacteria have the same frequency in burn 

unit. Revathi et al.(1997); and Mansour and Enayat(2004) both 

isolated each of Klebsiella, Proteus, Enterococcus faecalis, E.coli, 

Acinetobacter and others in burned patients in frequencies  less than 

that of Pseudomonas and Staph. aureus. 



 

 

Table (3-1)Frequency of Gram Positive Bacteria 

Skin Blood Burn Unit 

Bacterial  

Isolates 

Frequency Bacterial 

 Isolates 

Frequency Bacterial Isolates Frequency 

S. aureus 6 S. aureus 8 Enterococcus 

faecalis 

6 

S.epidermidis 0 β-haemolytic  

streptococci 

0 S. aureus 3 

Enterococcus 

faecalis 

, S.epidermidis 0 S.epidermidis , 

Total . Total 00 Total 1 

 

 

Table (3-20)Frequency of Gram Negative Bacteria 

 



         Many other studies found that the most common  pathogen in 

burn wound infection is Pseudomonas like those in developing 

countries as shown by Song et al.(2000) in South Korea, Al-Akeyleh, 

(1999) in Jordan, Husain et al.(1979) in Libya, and Rastigar Lari et 

al.(2005) in Iran. Although P. aerugnosa is not a classic pathogen of 

burn wound infection in developed countries, a few burn centers in 

Canada and U.S.A in a study done by Shankowsky et al.,  (1994), had 

reported P. aeruginosa as an important microorganism in burn units.  

          It is extremely likely that burn patients will be challenged with 

this organism because P. aeruginosa is so common in the 

environment. It can contaminate the floors, bed rails, sinks of 

hospitals and hands of health care workers. Once established, P. 

Skin Blood Burn  Unit 

Bacterial  

Isolates 

Frequency Bacterial  

Isolates 

Frequency Bacterial  

Isolates 

Frequency 

P.aeruginosa 08 Enterobacter 

spp. 

8 P.aeruginosa 4 

Enterobacter 

spp. 

02 P.aeruginosa 4 Enterobacter 

spp. 

3 

E.coli ,0  

—— 

 

 

—— 

 

 

E.coli 

 

3 

K.pneumonae 

 

8 —— —— A. baumannii 0 

 

A.baumannii 

 

 

3 

 

—— —— K.pneumonae  

0 

 

Proteus 

spp. 

0 —— —— —— 

 

—— 

 

Total .0 Total 00 Total 03 



aeruginosa tends to persist within the unit (Hsueh et al., 1997; and 

Hauser and Sriram, 2005). Pseudomonas colonized in the intestinal 

tract of burn patients is noxious and can be fatal as a pathogen of 

post-burn infection. Furthermore selective digestive 

decontamination (decontamination of endogenous pathogens in the 

intestinal tract) is essential in preventing post-burn infection 

associated with bacterial translocation (Hatano et al., 1996).  

          In this study the more frequent Gram positive bacteria isolated 

from the blood is Staphylococcus aureus  followed by β-hemolytic 

streptococci and then Staphylococcus epidermidis. These results 

were approximately fitted with that of Sanyal et al.,(1997) who 

found that MRSA comprised 921 of the Gram positive bacteria 

isolated from blood of burn patients. Whereas De Macedo et 

al.(2003) showed that the most common bacteria isolated from 

blood culture were Staph. aureus  followed by coagulase negative 

Staphylococci(CoNS). 

           Furthermore, CoNS should be considered as an important 

pathogen for sepsis in burns. The organism, being ubiquitous in a 

hospital environment, and burn wounds being the ideal medium for 

its multiplication, it is hardly surprising that this  bacteria would be 

the cause of  20581 of  septic episodes (De Macedo et al., 2003).  



           Emmerson (1994) noted that Staphylococcus aureus is still one 

of the most frequently encountered single bacterial species in 

hospitals and continues to be a frequent cause of burn wound sepsis. 

         The invasiveness of the organism  is related to the degree of 

injury, disturbance of normal flora, virulence of the organism, extent 

of external contamination and invasiveness of the patients 

endogenous gastrointestinal tract and upper respiratory tract flora 

(Kanchanapoom and Khardori, 2002). 

 

3.4  Effect of Some Antibiotics on Bacterial Isolates 

         

          The results of this study reveal that there is a remarkable 

increase in bacterial resistance to β-lactam antibiotics: 

penicillins(amoxicillin and carbenicillin) and 

cephalosporins(cefotaxime). As shown in Figure(3-1), nearly all the 

bacterial isolates were completely resistant(1001) to amoxicillin. This 

result of high resistance to amoxicillin is nearly compatible with that 

of Kehinde et al.(2004) who found that S. auerus were resistant 

exclusively to ampicillin and cloxacillin(β-lactam antibiotics), Al-

Saedi(2000) who found that 97521 of K. pneumoniae were resistant 

to amoxicillin due to the production of β-lactamase: TEM(Temonera 

family) and SHV(sulfohydryl variable). This result is also higher than 



that obtained by Al-Shukri(2003) who clarified that the resistance 

rate of Acinetobacter to ampicillin was 63561. Enterococcal 

resistance to different types of antimicrobial agents such as β-lactam 

drugs was observed by Weinstein et al.(1996). 
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          Figure( 3-2) Percentage of Bacterial Resistance to Amoxicillin  

         

        Gold and Moellering(1996) notice that there is a rise in 

enterococcal prevalence as hospital pathogens which is attributed to 

their natural resistance to most commonly used antibiotics and their 

capacity to acquire resistance to penicillin by mutations. Reardon et 

al.(1997) assert that there is no benefit from using penicillin, 

ampicillin, and amoxicillin alone in treating patients with septicaemia 

caused by Staph. aureus because of the high resistance  to these 

antibiotics. 



          As shown in Figure (3-2) all the bacterial isolates in this study 

are completely resistant(1001) to carbenicillin which is an anti-

pseudomonal penicillin ( Brooks et al., 2004). This result agrees with 

Al-Shukri(2003) who found that 1001 of Acinetobacter were 

resistant to carbenicillin. 
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          Figure(3-1 ) Percentage of Bacterial Resistance to Carbenicillin 

 

        Whereas, cefotaxime which is a third generation cephalosporin, 

its bactericidal activity results from inhibition of cell wall 

synthesis(Howland and Mycek, 2006). As shown in Figure (3-3) that 

cefotaxime was effective against S. epidermidis from burned skin and 

burn unit whereas that of blood was resistant(1001). One isolate of  

β-hemolytic streptococci(501), one isolate of Proteus(501),  33531 of 



E.coli from the ward and (1001) of all other bacterial isolates were 

resistant to this antibiotic. This agrees with Wiener et al.(1999) who 

demonstrate that there is high resistance rate to several 

antimicrobials including cephalosporin both second and third 

generations. Arslan et al.(1999) found that nearly 841 of the Gram 

negative isolates were organisms associated with the production of 

inducible Richmond Sykes type one cephalosporinase and those 

organisms produce large quantities of type one cephalosporinase 

when exposed to first generation cephalosporin, ampicillin and 

pencillin G. As these antimicrobials are readily hydrolyzed by this 

enzyme, inducible organisms are intrinsically resistant to these 

agents. 
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Figure( 3-3) Percentage of Bacterial Resistance to Cefotaxime 



 

       Eggman et al.(1998) and Brooks et al.(2004) stated that the 

strains of Enterobacter, Klebsiella, Proteus and Pseudomonas isolated 

from hospitals had multiple antibiotic exposure were almost always 

resistant to cephalosporins because they possess inducible 

chromosomally determined  β-lactamase with high affinity for 

cephalosporines. The antibiotic resistance phenomenon is widely 

common among clinical isolates of Acinetobacter which are often 

inherently resistant to many antimicrobial agents including β-

lactams(Hpa, 2003). Zhang et al.(2003) mentioned that by forming 

biofilms, S.epidermidis is not only resistant to antibiotics, but also 

can be the reservoir for antibiotic resistant genes which can be 

transferred to other bacteria. There is a significant variance in 

resistance pattern which existed in different geographic regions. The 

longer antibiotics are in use the greater the resistance ratio appears 

in time. Resistance to multiple antibiotics including penicillin, 

cephalosporin and others, has gradually increased among a number 

of Gram negative hospital pathogens, especially Klebsiella 

pneumoniae(Gold and Moellering, 1996), Enterobacter spp., P. 

aeruginosa (Richard et al., 1994), and Acinetobacter baumannii 

(Towner, 1998). Pechere and Kohler(1999) pointed out that all 

known mechanisms of resistance to β-lactam antibiotics can be 

found in P. aeruginosa. These mechanisms are also explained by 



Thomson and Amyes(1993) as β-lactamase production that 

hydrolyzes the β-lactam ring which is controlled by plasmid or 

chromosomal regulation like the plasmid-encoded β-lactamase TEM-

1, or lack of protein receptors on cell wall and alteration in their 

permeability to β-lactam antibiotics and preventing uptaking of 

antibiotics by blocking the pores of outer membrane. The resistance 

of S. epidermidis to β-lactams is mediated by β-lactamase production 

under chromosomal control(Humphreys et al., 2004). Furthermore, 

Thomson and Amyes(1993) expressed that S. epidermidis exhibits 

resistance to many types of antibiotics and this resistance may be  

attributed to the R-plasmid acquired from pathogenic bacteria 

present in the site of infection. Moreover, Lowy(1997) shows that 

Staph. aureus caries a wide variety of multi-drug resistant plasmids 

which can spread among different species of staphylococci mainly 

Staph. epidermidis. Resistance mediated by P.aeruginosa can be 

attributed to both an inducible, chromosomally mediated β-

lactamase that can render broad spectrum cephalosporin inactive 

and to a plasmid mediated β-lactamase that can lead to resistance to 

several penecillins and older cephalosporins(Reardon et al., 1997). 

Resistance of P.aeruginosa to carbapenems that is selected by 

prolonged imipenem use can be acquired by plasmid-mediated 

imipenemase or alteration of outer membrane protein. The 

resistance mechanism of P.aeruginosa to many antibiotics( multi-

drug efflux pump) plays a major role in the resistance of 



P.aeroginosa to carbapenems as well(Kanchannapoom and Khardori, 

2002). Christian et al. (2003) noticed that the cause of high 

resistance of Enterobacter isolated from blood of septicaemic 

patients could be attributed to the production of extended spectrum 

beta lactamase enzyme(ESBL) which is very effective against third 

generation cephalosporin. This is also asserted by Kim et al. (2003) 

who found that Enterobacter spp. isolated from blood of septicaemic 

patients were resistant to third generation cephalosporin. Reynoldes 

et al.(2004) found that E. coli, K.pneumoniae and   Enterobacter 

causing  septicaemia were resistant to amoxicillin. The        β-lactam 

antibiotics are widely used in treatment of various infections 

occurred in man, especially these infections caused by S. aureus, S. 

epidermidis, so, new generations of β-lactam antibiotics are better to 

be used instead of ampicillin and amoxicillin like those containing       

          β-lactamase inhibitors, namely clavulanic acid(Brooks et al., 

2004). As shown in Figure (3-4), complete resistance to gentamicin is 

expressed by each of the following bacteria isolated from burn ward: 

S. aureus, S. epidermidis, Enterococcus, Acinetobacter, Klebsiella, 

relatively less resistance rate is shown in Pseudomonas (73531) and 

Enterobacter (501) whereas only E.coli was sensitive to this 

antibiotic. Bacterial isolates from the skin showed the following 

resistance rate: 1001 of each of S.epidermidis, Enterococcus faecalis, 

P.aeruginosa, Enterobacter spp.,  E.coli, A.baumannii were resistant, 

851 of S. aureus, and 811 of Klebsiella. Results of bacterial isolates of 



blood showed 1001 resistance for each of Pseudomonas and 

Enterobacter. About 76% of Staph. aureus and 501 of β-haemolytic 

streptococci were resistant while Staph. epidermidis was sensitive. 

Rashmi et al.(2005) noticed that Acinetobacter, and Staph. auerus 

showed high resistance rate to gentamicin.  

          Tonkic et al. (2005) found that E.coli was sensitive to this 

antibiotic. As shown in Figure (3-5), lesser resistance rates to 

amikacin were expressed by nearly all bacterial isolates. S.aureus, 

S.epidermidis, Enterococcus, E.coli, Klebsiella, from the burn ward, 

those from skin(S.epidermidis, Enterococcus and  Proteus) and those 

from blood(β-haemolytic streptococci and Staph. epidermidis) were 

completely sensitive to amikacin.  
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                  Figure(3-4 ) Percentage of Bacterial Resistance to Gentamicin  
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Figure( 3-5 ) Percentage of Bacterial Resistance to Amikacin 

 

 

 

     Others showed lesser resistance rate in comparison to gentamicin. 

This agrees with Zahac et al.(2003) who revealed that Enterobacter 

was resistant to gentamicin, but it is sensitive to amikacin. Karlowsky 

et al. (2004) found the same result of high resistance to gentamicin 

and they pointed out that  this resistance was due to the production 

of antibiotic modifying enzymes and they noticed that the previous 

exposure to antibiotics often leads to multi-drugs resistant 

P.aerugenosa. 



          Resistance to aminoglycoside in all types of bacteria, including 

P.aerugenosa has become more complex with increased time of 

aminoglycoside usage(Shahid and Malik, 2005). This resistance is 

commonly acquired by plasmid-mediated modifying 

enzymes(Karlowsky et al.,1998). Kucers et al.(1998) explained that 

enzymatic modifications, the most common type of aminoglycoside 

resistance, resulted in high level of resistance in P.aerugenosa. 

Therapy with aminoglycosides enhances the production of enzymes 

such as transacetylase, adenyltransferase and phosphotransferase 

which are known to be capable of inducing resistance(Magliacani et 

al., 1990). Amikacin, a semisynthetic derivative of kanamycin, is 

relatively resistant to several enzymes that inactivate gentamicin and 

tobramycin and therefore amikacin can be employed against some 

microorganisms resistant to the latter drugs. However, bacterial 

resistance due to impermeability to amikacin is slowly increasing 

(Brooks et al., 2004).  

          Regarding ciprofloxacin, (Figure 3-6), most bacterial isolates 

were sensitive to this antibiotic. Enterococcus faecalis isolated from 

skin and burn ward showed 1001 resistance to ciprofloxacin. S. 

aureus isolated from the blood showed 81541 resistance followed by 

Klebsiella 58511 which is isolated from skin, β-haemolytic 

streptococci(501) and P.aeruginosa isolated from blood(501),  E.coli 

from skin (41561), P.aeruginosa of burn ward (33531), Acinetobacter 



baumannii isolated from the skin (33531). This agrees with Al-

Shukri(2003) who found that 911 of Acinetobacter baumannii were 

sensitive to ciprofloxacin, and Fernandez-Cuenca et al.(2004) who 

observed that 201 of Acinetobacter were resistant to ciprofloxacin. 

Moreover, Robin(2005) found that 1001 of Enetrococcus faecalis 

were resistant to ciprofloxacin. Rachid  et al.(2000) observed that in 

staphylococci there were increased numbers of resistant strain to 

ciprofloxacin.  
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                  Figure( 3-6 ) Percentage of Bacterial Resistance to Ciprofloxacin  

 

       Tonkic et al.(2005) found that 4541 of E.coli and 41 of Klebseilla 

pneumoniae were resistant to ciprofloxacin, and Oteo et al.(2005) 

showed that 19531 of E.coli was resistant, and Rashmi et al.(2005) 



found that ciprofloxacin was the only drug of choice against Staph. 

aureus. Richard et al.(1994) pointed out that P. aerugenosa was less 

resistant to ciprofloxacin (26581). Ciprofloxacin inhibits bacterial DNA 

synthesis, an event that is followed by rapid bacterial cell death. It is 

active against Gram negative bacteria and less effective against Gram 

positive types(Howland and Mycek, 2006). Jalal and Wretlind (1997); 

and Donnel and Gelone(2000) report that the resistance to 

flouroquinolones is through chromosomal mutations or alternations 

affecting the ability of flouroqinolones to permeate the bacterial cell 

wall.  

         Regarding trimethoprim-sulphamethoxazol(Figure 3-8), most 

bacterial isolates showed 1001 resistance to this antibiotic and only 

Staph. epidermidis isolated from skin was completely sensitive. 

About 331 of     E. coli and 681 of Staph. aureus were resistant to this 

antibiotic. 501 of  β-haemolytic streptococci isolated from burn ward 

were resistant. This result agrees with Huda et al. (2001) who found 

that 40 % of  E. coli were resistant. Bonnet (2004) found that 

Enterobacter was completely resistant to this antibiotic. Al-

Shukri(2003) found that 82521 of A. baumannii were resistant to 

trimethoprim. Oteo et al.(2005) stated that 32561 of E. coli were 

resistant to trimethoprim. Trimethoprim is active against many Gram 

positive and Gram negative aerobic bacteria excepting P. 

aeruginosa(Brooks et al., 2004).  
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Figure( 3-2 ) Percentage of Bacterial Resistance to Trimethoprim-

sulphamethoxazol 

 

 

 

          Regarding azithromycin,(Figure 3-7) 1001 of Enterococcus 

faecalis, K. pneumoniae and A. baumannii were resistant. About 501 

of S. aureus, S. epidermidis, P.aeruginosa, Enterobacter spp., E. coli, 

Proteus spp.,  and β-haemolytic streptococci were resistant. Other 

isolates show resistance in lesser degrees. Fairuze-Ali, (2006) found 

that Gram negative bacteria (K. pneumoniae, E.coli, Enterobacter 



spp., P. aeruginosa) isolated from blood of septicaemic patients were 

resistant to erythromycin(88551).     
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               Figure( 3-8 ) Percentage of Bacterial Resistance to Azithromycin 

 

          Azithromycin, from the macrolides (azalides) group of 

antibiotics is chemically related to erythromycin and it is active 

against staphylococci and streptococci, interferes with bacterial 

ribosomal function and inhibits protein formation. It is active against 



Gram-negative bacteria but is relatively less effective against Gram-

positive type than erythromycin(Howland and Mycek, 2006).  

3.5  Sources and Modes of Infection  

          As mentioned above(page 58 , in Tables(3-9) and(3-10)), there 

is some similarity in the types of bacteria found in each of skin, blood 

and burn ward. This may indicate that the bacteria isolated  from the 

burn unit can affect the burn patients causing burn wound infection 

and even can invade the viable tissue of the wound to cause 

bacteraemia. This agrees with  Song et al.(2001) who found that the 

main source of sepsis in burn patients was the burn wound. One 

reason for this might have been the fact that multi-drug resistant 

nosocomial bacteria present in the burn ward replace the original 

endogenous flora of burn patient within a few days of admission. 

          There are numerous ways in which microorganisms can gain 

access to a wound either by direct contact by transfer of 

microorganism from the equipment or hands of nursing staff or by 

air-born dispersal in which microorganisms deposited from the 

surrounding air, or by self- contamination from the patients skin or 

gastrointestinal tract (Collier, 2003). Factors predisposing to this 

transmission include, the length of stay in hospitals, intensity and 

duration of exposure to broad spectrum antibiotics, severity of 

underlying illness and the use of invasive devices (Lortholary et al., 

1995). As shown in Table (3-9) the Gram positive bacteria isolated in 



this work were Staph. aureus, Staph. epidermidis, Enterococcus 

faecalis and β-haemolytic streptococci. The latter are the main 

pathogens associated with local and systemic invasion(Brooks et al., 

2004). 

            Although Staph. epidermidis is usually non-pathogenic, it is an 

important cause of infection in patients whose immune system is 

compromised, or who have indwelling catheters(Goldmann and Pier, 

1993). Hall(1991) reveals that CoNS have emerged as pathogens in a 

growing numbers of serious nosocomial infections in intensive care 

units particularly blood stream infection. 

          Bagdonas et al.(2003) found that Staph. aureus was the most 

common pathogen in burned patients. Likewise, Cook(1997) 

mentioned that colonization with MRSA increases the morbidity and 

mortality in burn patients including the risk for bacteraemia and loss 

of skin grafts. On the other hand, Fowler et al.(2003) clarified that 

Staph. aureus bacteraemia led to several complications including 

infective endocarditis, sepsis or metastatic foci of  infection. 

          As shown in Table (3-10), the high frequency of P.aeruginosa 

may be explained by the fact that it is regarded as an opportunistic 

pathogen. This agrees with Gillespie and Bamford(2003) who 

asserted that after burn injury, skin became highly susceptible to 

microbial infections and the greatest challenge came from the 

opportunistic bacteria which can infect and thrive as a result of 



limited immunity of skin together with the lack of efficient supply of 

orally given antibiotics at the infection sites due to the loss of blood 

capillaries. 

           The Pseudomonas and Acinetobacter are widely distributed in 

soil and water. P. aeruginnosa sometimes colonizes humans and is 

the major human pathogen of the group. It is invasive and toxigenic, 

produces infections in patients with abnormal host defenses and is 

an important nosocomial pathogen(Brooks et al., 2004). Other types 

of bacteria found in this study are the enterobacteriaceae, namely 

Enterobacter spp., E.coli, K. pneumoniae and Proteus spp.; this agrees 

with Mayhall(2003) who states that the gastrointestinal tract 

continues to be the potential reservoir for microorganisms that 

colonize the burn wound surface. There is also a high risk of 

contamination of the burn patients when they are wrapped in 

unsterilized blankets(Muir et al., 1978). Enterobacteriaceae are also 

encountered in causing sepsis in burn patients. This is explained by 

Lenguas et al.(1991) who pointed out that the principal 

microorganisms which provoke sepsis in burn patients are 

staphylococci, P.aeruginosa and entrobacteriaceae group. The 

antibiogram profile is one of the methods used for biotyping bacteria 

isolated from two different sources; however, DNA techniques are 

used to confirm that the bacterial type which is isolated from one 

source is the same as that of the other (Al-Saeed, 1998). In this 



study, generally, the antibiogram profile of the bacterial isolates 

obtained from the skin is similar to some extent to that of the burn 

unit isolates. Specifically, the antibiogram profile is found to be 

similar to the following isolates: (3)isolates of P. 

aeruginosa,(2)isolates of  Enterobacter  spp.,(2)isolates of Staph. 

aureus and one isolate of Enterococcus faecalis, which are isolated 

from the skin of burn patients and at the same time, these isolates 

are found in the burn unit. This may indicate that there is a good 

relation between the skin and burn unit bacteria suggesting that the 

burn unit is an important origin for the affection of the skin of burn 

patients and vice versa. Table  (3-11) illustrates eight isolates of skin 

and burn unit that have similar antibiogram profile. Also, there is a 

good relation between the bacteria isolated from the skin and blood 

of burn patients Table(3-12) illustrates nine samples of blood and 

skin swab cultures for the same patient sharing the same bacterial 

isolates. Five of these isolates have the same antibiotic profile. This 

result supports the known idea that the   
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Table(3-22) Bacterial Isolates Obtained From Skin and Burn Unit With Similar 

Antibiotic Profile 

- Sensitive               + Resistant           * Bacterial isolates sharing the same antibiotic profileAX: Amoxicillin        

Py: carbenicillin         AZM: azithromycin        CTX: cefotaxim    AK: amikacin                      CN: gentamicin             

         CIP: ciprofloxacin                 SXT: trimethoprim-sulfamethoxazol              

Table(3-21) Antibiotic Profile for Bacterial Isolates Obtained 
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 From Skin and Blood of the Same Patient 

 - Sensitive               + Resistant           * Bacterial isolates sharing the same antibiotic profile 

AX: Amoxicillin        Py: carbenicillin         AZM: azithromycin        CTX: cefotaxim    AK: amikacin       

               CN: gentamicin                      CIP: ciprofloxacin                 SXT: trimethoprim-sulfamethoxazol  

   

SXT CIP CN AK CTX AZM Py AX Source 

of 

Bacteria 
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+ - + - + + + + Blood Staph. 

 aureus 

 
+ - + - + - + + Skin 

+ + + - + - + + Blood Staph. 

 aureus* 

 
+ + + - + - + + Skin 

+ - - + + + + + Blood Staph. 

 aureus* 

 
+ - - + + + + + Skin 

+ - + - + - + + Blood Enterobacter* 
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+ - + - + - + + Skin 
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+ + + + + + + + Blood P. aeruginosa* 

 
+ + + + + + + + Skin 

+ - + - + - + + Blood P.aeruginosa 

 
+ + + + + + + + Skin 



 burn wound is one of the sources of bacteria to invade the blood 

and finally to cause septicemia(Arslan et al,1999). 

 

3.6  Effect of Silver Sulphadiazin and Silver Nitrate on 

Bacterial Isolates of Skin. 

          The effects of silver sulphadiazin(SSD, 11) and silver nitrate(SN, 

0551) on the most frequent bacteria isolated from burned skin were 

tested in this study. These effects are shown in Figures(3-9 and 3-10) 

and in Table (3-13). There is no significant difference between the 

effect of SSD and SN on all the studied bacterial isolates (P>0505). 

The most affected bacterial species by SSD is the Staph. epidermidis 

and the least susceptible is Staph. aureus, whereas the most affected 

bacterial species by SN is P.aeruginosa and the least affected are 

Enterobacter and Staph. aureus. The biological substances secreted 

by the damaged skin and the damaged or dead tissue itself may 

interfere with the action of SSD or SN on bacterial isolates colonizing 

the skin  and may reduce their effectiveness. Drost et al.(1993) 

pointed out that bacteria were protected by dead tissue in to which 

antibiotics diffuse poorly and they mentioned that local antibiotics 

are of little value in the treatment of infected burns as long as dead 

tissue is still present, and so they mentioned that the mainstay of 

treatment is the rapid removal of dead tissue by surgical excision in 



the form of immediate burn wound excision with immediate skin 

graft. 

 

                                                                                           

 

 

 

 

 

 

 

 

 

 

 

 

Figure(3-1) Effect of Silver Sulphadiazin(2) and Silver 

Nitrate(1) on Staph. epidermidis 
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Figure(3-20) Effect of Silver Sulphadiazin(2) and Silver 

Nitrate(1) on Staph. aureus 

 

 

Table(3-23) Effect of Silver Sulphadiazin and 

 Silver Nitrate on Bacterial Isolates from Burned Skin 

 

Significance 

Diameter of Inhibition 

Zone(mm) 

 

Bacterial  

1 2 



 

 

 

 

 

 

 

 

 

 

 

SN 

1222 

SSD 

02 

 Isolates 

Not Significant 

P>2.25 
00 00 Staph. aureus 

Not Significant 

P>2.25 
01 20 Staph. epidermidis 

Not Significant 

P>2.25 
01 0. P. aeruginosa 

Not Significant 

P>2.25 
00 02 Enterobacter spp. 

Not Significant 

P>2.25 
04 01 K. pneumoniae 

Not Significant 

P>2.25 
01 21 E.coli 



 

         Al-Akayleh(1999) found that 0551 SN and 11 SSD had an effect 

in the reduction of the incidence of burn wound sepsis. Besides, 

Noranha and Almeida(2000) pointed out that SSD was the drug of 

choice for prophylaxis of burn wound infection in most burn 

patients, besides, clinical trials have shown that SSD is efficacious in 

reducing bacterial numbers and delaying burn wound colonization 

with Gram negative bacteria(Parikh et al., 2005). SSD has a wide 

antibacterial range effective against both Gram positive and Gram 

negative bacteria. Although it is effective in prophylaxis of 

Pseudomonas infection, it is not as good as sulphamylon for the 

treatment of established infection(Muir et al., 1978). Although 

various attempts have been made to develop more effective silver 

compounds, so far SSD remains the most widely used substance of 

this type(Klasen, 2000). Because of its minimal absorption, SN is an 

excellent prophylactic agent, but it is not indicated for established 

wound infection. However, SN solution must be used by soaking 

bulky wet dressings which must be kept wet every two hours to keep 

the concentration of the agent at less than 21 which is caustic and 

cytotoxic (Press, 1998).     

  

3.2  Humoral Immune Response of Burn Patients  



          

          The results expressed in Table (3-14) show that there is a 

significant decrease in the serum level of IgG of burned 

patients(142256) mg/dl (Figure3-11) in comparison with the 

controls(2343539) mg/dl(P>0505). This agrees with Robins(1990) 

who pointed out that serum IgG levels were decreased after burn 

injury. Yurt(2000) stated that the serum IgG levels were decreased 

secondary to burn injury and he mentioned that persistently 

decreased levels of IgG had been related to mortality.  

           This low level of IgG may predispose burned patients to 

bacterial infection. It is known that the IgG is important in the 

mechanisms of bacterial antigen clearance in blood. These 

mechanisms involve the association of IgG with the antibody-

dependent-cell-cytotoxicity (ADCC), association with complement-

mediated bacterial cytolysis or by its opsonization role for phagocytic 

cell (Abbas et al., 2004). 



 

 

Figure(3-22) Single Radial Immunodiffusion Test( SRID) for IgG  

           

Table (3-24) Concentrations of Immunoglobulins IgM, IgG 

and  IgA(mg/dl) in Burn Patients and Controls 

IgA IgG IgM  

1121302 0422231.1 02220.11 M Patient 

442.321 11222111 012023. SD 

04121111 204020131 00121211 M Control 

112114. 4.324442 4122114 SD 

 

Significant 

1212>P 

 

Significant 

1212> P 

 

Not 

Significant 

P>1212 

 

Significance 

 



          

   

 

 

 

 

 

 

 

 

          The mean serum levels of IgA (Figure 3-12, Table 3-14) are also 

significantly decreased in the burned victims (90506)mg/dl in 

comparison with the control individuals(34759) mg/dl (P<0505). IgA in 

the circulation play relatively less important role when compared to 

the role of secretary IgA(Stites, 2001). Thus, the low level of IgA in 

patients may reflect the decreasing level of secretary IgA in the 

epithelial surface(in skin) which may lead to the easy penetration of 

bacteria into the blood stream. This interpretation depends on the 

central role of S-IgA to act as a first line of defense against infectious 

agents in mucosal surfaces(Strober and James, 2001).  

 



 

Figure (3-21) Single Radial Immunodiffusion Test (SRID) for IgA 

 

           Regarding the mean serum levels of IgM(Figure 3-13, Table 3-

14), there is no significant difference(P>0505) between burned 

patients and normal control individuals which are (152518, 137502) 

mg/dl respectively. These results agree with(Dominioni et al., 1991; 

and Rodgers,1994) who pointed out that the serum level of IgM in 

burn patients might remain within the normal levels. During the 

acute bacterial infection, the serum IgM level increases several folds 

above the normal range(Paul, 2003), but in the present study, the 

IgM levels of patients with proved bacterial infections(bacterial-

sensitized) were significantly similar to that of normal (bacterial-non-

sensitized) subjects; this may be interpreted as there is failure of 



IgM-B-cells to produce an increased level of IgM in these patients. 

This may indicate that the rate of IgM is not so enough to overcome 

the bacterial infection and this may be caused by the suppressor 

effect of burns on humoral immunity (Demling, 2005). The 

improvement of immune state of burn victims is now considered as 

one of the most important ways in the treatment of burn 

infection(Bowler et al., 2001).  

 

Figure(3-23) Single radial immunodiffusion test(SRID)  for IgM 

        Barlow(1994) pointed out that recognition of immunoglobulin 

deficiencies: IgM, IgG and IgA in burned patients may permit focused 

therapy, such as specific replacement of these proteins. It has been  

demonstrated that therapy by using Pseudomonas 

immunoglobulin(Ig) in burn wound infection may be more effective 



on bacterial translocation than treatment using general 

immunoglobulin; however, the use of Ig treatment decreases the 

incidence of bacteraemia from burn wound infection, protects the 

intestinal ecological equilibrium by decreasing the bacterial 

overgrowth in the intestinal micro-flora, decreases the number of 

translocated bacteria and prevents bacterial translocation spread 

beyond the mesenteric lymph nodes; for these reasons the 

administration of Ig in burn wound infection effectively prevents 

sepsis due to bacterial translocation(Herek et al.2000). 

         Regarding the complement components: C3 and C4 levels 

(Figures  3-14, and 3-15), the results of this study revealed that there 

is no significant difference (P>0505) between the mean level of 

serum C3 in patients (133516) mg/dl and in the controls (122532) 

mg/dl. The same results are obtained regarding serum C4 estimation 

for both patients and control individuals (31502, 43556) mg/dl 

respectively; this is illustrated in Table (3-14). The unaffected levels 

of both C3 and C4 in the serum agree with Abbas et al.(2004). 

Functionally, Roitt et al.(1997) revealed that harmful effects of 

complement may occur during tissue necrosis involving thermal 

burns, so the regulation of complement activation should be under 

control to avoid the negative effect of complement activation during 

thermal burns which is mediated by the release of 

anaphylatoxins(Gelfand et al., 1972).  



 

 

Table (3-25) Concentrations of Complement Components 

and  C3  

C4 

(mg/dl) in Burn Patients and Controls 

 

 

 

 

 

 

 

 

 

C4 C0  

0021200 00020314 M Patient 

0222021 2424042 SD 

4022311 02220211 M Control 

0422202 0021041 SD 

Not Significant 

P>1212 

Not Significant 

P>1212 
Significance 

 



 

 

Figure (3-24) Single Radial Immunodiffusion Test(SRID) for C3  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure (3-25) Single Radial Immunodiffusion Test(SRID) for C4 

Conclusions  

 

1. Burn injury is more frequent in female than male patients. 

2. Generally, burn injury because of flaming is more frequent than 

scald injury. The scald injury is more frequent in children           

(1–5 years) than flame injury. 

3. Gram negative bacteria are more predominant as causative 

agents for burn infections than the Gram positive type. 

4. The burn unit is an important aetiology for burn wound sepsis. 

5. Mortality increases with the increase of burn percentage. 

6. In vitro, amikacin and ciprofloxacin are the most effective 

antibiotics. 



8.  There is no significant difference between the effect of silver 

sulphadiazin and silver nitrate on bacterial isolates from 

infected burn wounds. 

7. The serum levels of IgG & IgA are decreased in burn patients, 

IgM shows no increased level and the levels of C3 and C4 

complement component are not significantly differing from 

that of controls. 

 

 

 

 

 

 

 

Recommendations  

 

,. In the light of the conclusions, there is a need to recommend 

that immunotherapy will aid in the improvement of burn 

patients by reducing their susceptibility to bacterial infection. 



0. Early surgical management of burn wound, use of effective 

antibiotic and early enteral feeding may help in decreasing the 

morbidity and mortality in burn victims. 

3. Introduction of new molecular techniques instead of the 

conventional cultural techniques for the quantitation of 

bacterial isolates in burn wound and for biotyping of bacteria 

for more precise identification of the aetiology of burn wound 

infections. 

6. More attention should be directed to the burn unit as an 

aetiology for burn wound infections.  

5. The use of antibiotics should be highly selective in order to 

decrease the chance of emergence of bacterial drug resistance. 

4. Sepsis of burn wounds should be regarded as an additional 

factor in increasing the morbidity and mortality of burn 

patients. 

8. Further studies for the aetiology and management of burn 

wound infections in different Iraqi specialist centers.  
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