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Background: Burn is one of the most common and serious types of injuries, affecting 

millions of people worldwide. Objective: This study aims to investigate the 

immunological role of Vascular endothelial growth factor and neutrophil gelatinase-

associated lipocalin in patients with first and second-degree burn injuries. Methodology: 

From 1st June 2024 until the end of January 2025, 88 participants were enrolled in this 

study as follows: 48 burn patients aged ≥ 18 years old (26 patients with first-degree burn 

and 22 patients with second-degree burn), and 40 healthy volunteers as controls. VEGF 

and NGAL have been measured in all participants' blood using the ELISA technique. 

Results:  The results proved that there was a significant increase (P value<0.0001) in 

serum levels of VEGF in total burns patients (293.4 ± 11.81pg/ml) compared with 

control (161.0 ± 14.42 pg/ml. The serum levels of VEGF of second-degree burn patients 

(334.3 ± 20.81 pg/ml) were significantly higher (P0.0004) than serum levels of first-

degree burn patients (258.7 ± 8.436 pg/l). Also, the serum levels of NGAL were 

significantly higher (P < 0.0001) in total patients (4176 ± 182.2 pg/ml) than in healthy 

individuals (150.1 ± 9.0 pg/ml). Patients who had second-degree burns (5200 ± 84.65 

pg/ml) had significantly higher (P < 0.0001) serum levels of NGAL than those who had 

first-degree burns (3310 ± 211.4 pg/ml). Conclusion: Our findings show that VEGF and 

NGAL had an important immunological role in second- and first-degree burn patients; 

these markers might be helpful in burn treatment.  

 

INTRODUCTION 
 

Burns are a common type of injury that occurs when 

the skin and underlying tissues are damaged by heat, 

chemicals, electricity, or radiation
1
. Burn injuries can 

range in severity from minor to severe, with the most 

severe cases often requiring hospitalization and long-

term treatment 
2
. One of the most serious complications 

of severe burn injuries is the risk of infection, burn 

victims with infections have a fatality rate twice as high 

as those without infections, as the dysregulated immune 

system increases the risk of infection 
3
. In fact, sepsis, or 

systemic infection, is the leading cause of mortality 

following burn injury, with 42%-65% of burn victims 

dying from infections. The development of effective 

burn dressings and treatments is crucial for reducing the 

risk of infection and improving outcomes for burn 

patients 
4
. Traditionally, burn care has involved the use 

of antibiotics and topical antimicrobials, but the 

increasing resistance of microbes to these treatments has 

led to a need for alternative approaches 
5
. 

Burn injuries are typically classified into three main 

categories: first-degree, second-degree, and third-degree 

burns. First-degree burns involve only the outermost 

layer of skin, the epidermis, and are characterized by 

redness, pain, and mild swelling 
6
. These burns typically 

heal within a few days without any long-term 

complications. Second-degree burns, also known as 

partial-thickness burns, involve both the epidermis and 

the underlying dermis layer of skin. These burns are 

more serious, resulting in blistering, intense pain, and a 

longer healing time of 18-21 days 
7
. 

Vascular endothelial growth factor is a critical 

signaling protein involved in the regulation of 

angiogenesis, the process of new blood vessel formation 

from pre-existing vasculature 
8
. This crucial process has 

significant implications for the treatment of burn 

injuries, as impaired angiogenesis can lead to delayed 

wound healing and susceptibility to infection. Burn 

injuries often result in extensive tissue damage, which 

can disrupt the normal vascular architecture and impair 

the body's ability to mount an effective angiogenic 

response 
9
. This can exacerbate the hypoxic conditions 

within the wound bed, further compromising tissue 

repair and rendering the area more vulnerable to 

bacterial colonization.   

Neutrophil gelatinase-associated lipocalin, also 

known as lipocalin-2, is a protein that has gained 

increasing attention in the field of burn infection 

research
10

. Acute kidney injury (AKI) is a severe 
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complication that can occur after major burn injuries, 

often leading to significant morbidity and mortality. 

Researchers have explored the potential of NGAL as a 

biomarker for early detection of AKI in burn patients, as 

it has been shown to be a sensitive and specific indicator 

of kidney injury 
11

. This study aims to assess the 

immunological function of VEGF and NGAL in 

individuals suffering from first and second degree burn 

injuries. 

 

METHODOLOGY 
 

Patients selection   

This study enrolled 88 participants in the age range 

of 18 to 60 years. It was carried out in the Department 

of Burns at AL-Najaf Hospital in Al-Najaf City, Iraq, 

from June 2024 to January 2025. The study included 

forty-eight burn patients; 26 with first-degree burns 

(First week injury) and 22 with second-degree burns 

(Second week injury) diagnosed by the physicians, and 

40 healthy volunteers as controls. VEGF and NGAL 

have been measured in all participants' blood using the 

ELISA technique. 

Ethics consideration 
The Institutional Ethics Committees of the College 

of Medicine at the University of Kufa and the Scientific 

Committee for Research of the Health Department of 

Najaf both gave their approval.  

Measurement of serum levels of VEGF and NGAL 

This was conducted following the directions 

provided by the manufacturer's instructions (Bioasay 

Technlogy Laboratry, Shanghaii, China). A sample of 

five ml of blood was collected from each individual, and 

a serum sample of two ml was obtained centrifuged at 

8000 rpm for 10 minutes 
12

. ELISA method has been 

used to measure VEGF and NGAL concentration in 

serum of the cases as
13

 determination of the optical 

density (OD value) was done by ELISA reader at 

450nm wavelength, then the results were calculated by 

plotting the standard curve. 

Statistical analysis 

The statistical analysis and all results were 

conducted using GraphPad Prism version 6. Statistically 

significant P values less than 0.05 were considered for 

the statistical analysis 
14

.  

 

RESULTS 
 

Age and sex of the participants  
There was no significant difference in age groups (P 

> 0.05) between the control (39.65 ± 2.434 years), male 

43.50 ± 3.301 years), and female (40.68 ± 2.560 years) 

(Table 1).  

 

 

Table 1: Age groups and sex of the participants in 

this study 

Total N=88 
Age/Year 

Mean ± SE 
P-value 

Control N=40 39.65 ± 2.434 P1 0.1792 

Male     N=20 43.50 ± 3.301 P2 0.3884 

Female N=28 40.68 ± 2.560 P3 0.2483 
P1 compared between control and male, P2 compared between control 

and female, P3 compared male and female. 

 

Vascular endothelial growth factor 

Our results showed that the VEGF levels in blood of 

all burn patients were 293.4 ± 11.81 pg/mL, which was 

significantly higher (P < 0.0001) than the levels in the 

control group (161.0 ± 14.42 pg/mL) (Figure 1).  The 

serum levels of first-degree cases (258.7 ± 8.436 

pg/mL) and second-degree cases (334.3 ± 20.81 pg/mL) 

were significantly higher (P < 0.0001) than the control. 

The serum levels of VEGF in second-degree burn 

patients were significantly higher (P < 0.0004) than 

those in first-degree burn patients (Figure 2). 
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Fig. 1: Serum levels of VGEF in total burn patients and 

control 
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Fig. 2: Serum levels of VGEF in total burn patients and 

control according to burn degree 
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Neutrophil gelatinase-associated lipocalin 

The current study revealed a significant increase (P 

< 0.0001) in serum NGAL concentrations among all 

burn patients (4176 ± 182.2 pg/ml) compared to the 

control group (150.1 ± 9 pg/ml) (Figure 3). Serum 

NGAL levels were notably higher in both first-degree 

burn patients (3310 ± 211.4 pg/ml) and second-degree 

burn patients (5200 ± 84.65 pg/ml) than in the control 

group (P < 0.0001). Additionally, second-degree burn 

patients showed significantly elevated serum NGAL 

levels compared to first-degree burn patients (P < 

0.0001) (Figure 4). 

 

Control Total burn patients
0

2000

4000

6000

8000

150.1 ± 9.091

4176 ± 182.2

P < 0.0001

S
e

ru
m

 l
e

v
e

ls
 o

f 
N

G
A

L
 (

p
g

/m
l)

 
Fig. 3: Serum levels of NGAL in total burn patients and 

control 
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Fig.4: Serum levels of NGAL in total burn patients and 

control according to burn degree 

 

 

 

 

 

 

Our results revealed that the levels of VGEF and 

NGAL in the blood of all patients were positively 

correlated with each other, with no statistically 

significant difference P = 0.7081 (Figure 5). A similar 

positive correlation was observed between the two 

markers during the first week of injury P = 0.2022 

(Figure 6) and the second week of injury P = 0.1302 as 

shown in (Figure 7). 
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Fig.5:  Correlation between serum levels of VGEF and 

NGAL in total burns patients 
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Fig.6:  Correlation between serum levels of VGEF and 

NGAL in burn patients during 1
st
 week injury 
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Fig.7:  Correlation between serum levels of VGEF and 

NGAL in burns-patients during 2
nd

 week injury 

 

DISCUSSION 
 

Burns are one of the worst kinds of injuries that can 

happen to the body, and they have a big effect on the 

immune system 
15

. The immune response in burn 

victims is complex and changing, involving both innate 

and adaptive immunity. Understanding these changes in 

the immune system is important for better treatment and 

better patient outcomes 
16

. Burn injuries elicit complex 

immunological and inflammatory responses, ranking 

among the most severe types of trauma. The immune 

system must manage the systemic repercussions of 

burns to prevent complications such as infections, 

sepsis, and multi-organ dysfunction syndrome (MODS) 
17

. The key to better clinical care and better patient 

outcomes after burns is a better understanding of the 

immune response.  

Severe burn injuries often result in compromised 

immune responses, leading to increased susceptibility to 

infections 
18

. The disruption of the skin barrier, 

available bacterial nutrients, destruction of vascular 

supply, and systemic disturbances contribute to the high 

risk of infection in burn patients. Despite advances in 

treatment strategies, such as improved resuscitation, 

wound coverage, and infection control, burn injuries 

continue to pose significant challenges due to the 

profound and complex metabolic changes triggered by 

the initial insult 
19

. The hyper metabolic state associated 

with severe burns is characterized by increased stress, 

inflammation, glycolysis, proteolysis, and lipolysis. 

These responses are more severe and prolonged in burn 

patients compared to other trauma or critically ill 

populations. The magnitude of the metabolic 

derangements is directly correlated with the extent of 

the burn injury, with burns covering more than 30% of 

the total body surface area being particularly 

problematic 
20

. The disruption of normal physiological 

processes and the diversion of resources to address the 

burn injury contribute to impaired immune function, 

making burn patients highly susceptible to local and 

systemic infections 
21

.  

Topical antimicrobial agents have played a crucial 

role in the management of burn wound infections, 

which were previously a major cause of morbidity and 

mortality. However, the increasing prevalence of 

antimicrobial resistance has necessitated the exploration 

of alternative strategies to prevent and combat burn-

related infections 
22

.  

Vascular endothelial growth factors are particularly 

important in burn injuries, as it increases blood flow to 

the injured tissues, thus enabling the transport of vital 

nutrients and immune cells and promoting the healing 

process 
23

. Burn patients have notably higher blood 

levels of VEGF and its receptors (VEGFR-1 and 

VEGFR-2) than do healthy people, according to studies. 

This spike implies that VEGF helps explain the higher 

vascular permeability and oedema seen in severe 

burns
24

. 

Additionally, NGAL levels have been shown to 

correlate with the severity of burn injuries and the risk 

of infections, making it a valuable tool for clinical 

assessment and management of burn patients 
25

. The 

hyper responsive state of pulmonary neutrophils 

following burn injury has also been an area of interest. 

Researchers have found that the mammalian target of 

rapamycin (mTOR) pathway regulates this heightened 

neutrophil function, leading to increased susceptibility 

to opportunistic infections like Pseudomonas 

aeruginosa 
26

.   

 

CONCLUSION 
 

Burn injuries significantly alter the immune 

response, creating a delicate balance between 

immunosuppression and inflammation. To facilitate the 

development of tailored medicines that enhance 

outcomes for burn patients, it is vital to have a solid 

understanding of the immunological systems that are at 

play. At this time, researchers are continuing their 

investigation into innovative therapies to regulate the 

immune response and improve recovery in burn 

patients. VEGF and NGAL have emerged as promising 

biomarkers for the early detection and management of 

burn-related complications. 
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