


[bookmark: _GoBack]Original Research Article
SERUM LEVELS OF TUMOR NECROSIS FACTOR-ALPHA, INTERLEUKIN-10 AND ALBUMIN CIRCULATING AMONG MALE PATIENTS WITH POST-SURGICAL WOUND INFECTION IN ASABA, DELTA STATE, NIGERIA


ABSTRACT
Wound infections following surgery are common and significantly raise patient morbidity and treatment costs.  Even in hospitals with the most up-to-date equipment and standard preoperative preparation and antibiotic prophylactic measures, surgical site infections (SSIs) remain the most frequent post-operative complications. The aim of this study was to evaluate the serum levels of circulating tumor necrosis factor-alpha (TNF-α), interleukin-10 (IL-10), and albumin in male patients with post-surgical wound infections (PSWIs) in Asaba, Nigeria. Blood samples were taken from fifty (50) male participants who were enrolled voluntarily in the study (25 patients with PSWIs and 25 apparently healthy individuals (control group)). TNF-α and IL-10 levels were determined using sandwich enzyme-linked immunosorbent assay while serum albumin was determined using Bromocresol green (BCG) method. The independent t-test and Pearson correlation were used to examine the data, and a p-value of <0.05 was considered statistically significant. The results showed that individuals with PSWIs had significantly higher mean serum levels of TNF-α (164.08±4.092 Vs 46.24±8.418; p=0.001) and IL-10 (32.36±9.367 Vs 16.80±5.874; p=0.001) but significantly lower mean serum albumin level (32.88±5.311 Vs 36.41±5.654; p=0.027) compared to the control group. These results highlight the possible roles that serum albumin and TNF-α/IL-10 dysregulation may play in the development and severity of surgical wound infections in male patients. The observed excessive inflammatory response may hinder infection resolution, which leads to poor treatment outcomes despite timely antibiotic treatment.  
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INTRODUCTION
Surgical site infections (SSIs) are infections that occur in the area of the body where surgery was performed (U.S Center for Disease Control and Prevention, 2024). Bacteria enter surgical sites through incisions made during surgery, causing surgical site infections.  Every year, they endanger the lives of millions of patients and fuel the development of antibiotic resistance (Word Health Organization (WHO), 2025).  Surgery-related infections affect 11% of patients in low- and middle-income nations (WHO, 2025). According to Seidelman et al. (2023), between 0.5% and 3% of all surgical patients will experience a surgical site infection. In post-operative care, post-surgical wound infections (PSWI) continue to be a major issue because they can result in longer hospital stays, higher medical expenses, and worse patient outcomes (Ehiaghe et al., 2025).
These infections cause systemic and local responses, which are frequently mediated by cytokines (Geißler et al., 2017). At the location of the wound, different cell types produce cytokines in a cascade; in other words, a cytokine may cause its target cells to release more cytokines.  These chemicals activate intracellular messengers that control gene transcription by binding to certain receptors (Souza et al., 2022).  They control the synthesis and activity of other cytokines and have an impact on the activity, differentiation, proliferation, and survival of various cells, including immune system cells.  Depending on the microenvironment in which they are found, certain cytokines may have pro-inflammatory (Th1 profile) or anti-inflammatory (Th2 profile) effects (Souza et al., 2022). Tumor necrosis factor alpha (TNF-α) is regarded as pro-inflammatory, whilst interleukin-10 (IL-10) is regarded as anti-inflammatory cytokine (Uciechowski and Dempke, 2020; Jang et al., 2021; Carlini et al., 2023).
The pro-inflammatory cytokine TNF-α stimulates the synthesis of adhesion molecules, fibroblast growth factor, procoagulant factors, IL-1, and IL-6 (Jang et al., 2021).  It is produced by activated macrophages, dendritic cells, neutrophils, eosinophils, mast cells, natural killer cells, and CD4+ lymphocytes.  By encouraging the production of IL-1 and IL-6, increasing the expression of adhesion molecules, and starting the apoptotic and cytotoxic response, TNF-α carries out this function (Ozgur et al., 2023).  Physiologically, TNF-α is necessary for a robust immune response.  Although TNF-α can cause the immune system to regulate, excessive or inappropriate TNF-alpha production can be harmful and lead to disease (Jang et al., 2021) or failed wound healing and infection resolution in this respect.
On the other hand, IL-10 has strong anti-inflammatory qualities and is important in preventing or limiting an excessive inflammatory response (Ouyang and O'Garra, 2019).  To protect the body and protect tissues from infection, the immune system depends on IL-10 to keep the immunological response in the right balance (Obasanmi et al., 2023).
Serum albumin (ALB), one of the most important proteins in human physiology, is primarily responsible for controlling plasma volume and oncotic pressure, transporting hormones, vitamins, oligominerals, and drugs, and serving as a strong anti-antioxidant (Gremese et al., 2023). A decrease in serum albumin levels leads to reduced oncotic pressure, which in turn causes interstitial oedema (Robert et al., 2003). Hypoalbuminemia is associated with mortality and postoperative complications such as SSI and reoperations (Liu et al., 2017). Research has also demonstrated that hypoalbuminemia plays a role in the severity of the diseases, fracture union, and wound healing (Issangya et al., 2020; Gremese et al., 2023).
SSIs continue to be a major post-operative care issue because they can result in longer hospital stays, higher medical expenses, and worse patient outcomes.  Following surgical procedures, post-operative wound infections are a common and critical therapeutic consequence.  Research is also lacking in understanding the dynamic interaction between immune response indicators like TNF-alpha, IL-10 and albumin, particularly in male patients with post-operative infections. As a result of this, the current study investigated the serum levels of tumor necrosis factor-alpha, interleukin-10 and albumin circulating among male patients with post-surgical wound infection in Asaba, Nigeria.
MATERIALS AND METHODS
Study site
The study was carried out at Federal Medical Center Asaba, Delta State Nigeria. 
Study Design
This was a cross-sectional study designed to evaluate the serum levels of tumor necrosis factor-alpha, interleukin-10 and albumin circulating among male patients with post-surgical wound infection in Asaba, Nigeria. 
Study population
Fifty participants were recruited for the study using simple random sampling method. The test group comprised of male patients with post-surgical wound infection (25 patients) while twenty-five apparently healthy males served as the control group. Clinical wound swab samples were collected from each patient.
Sample size
The sample size (N) was calculated using prevalence from previous studies on the prevalence of post-surgical wound infections globally which was found to be 2.5% (Mengistu et al., 2023) according to the sample size calculation formula described by Daniel and Cross (1999).

N	=	Z2P (1 – P)
		        D2
N 	=	required sample size
Z	=	confidence level at 95% (standard value of 1.96)
P	=	estimated prevalence of post-surgical wound infections globally which was found to be 2.5% (Mengistu et al., 2023).
 D	=	margin of error at 5% (standard value = 0.05)
N    =   1.962 X 0.025(1-0.025)
                 0.052
     3.8416 X 0.025(0.975)
              0.0025
N = 37 minimum sample sizes
Therefore, a minimum of 50 participants was used for this study.

Inclusion criteria
Male patients with confirmed cases of post-surgical wound infection and apparently healthy male participants who gave their informed consent were included for this study.
Exclusion Criteria
Male patients with post-surgical wound infection and apparently healthy male individuals without post-surgical wound infection who did not give their informed consent were excluded from this study.
Ethical considerations
Ethical approval was granted by the ethics committee of Federal Medical Centre, Asaba, Delta State, before the commencement of the study.
Informed consent of all the participating subjects were sought and obtained.

Blood sample collection 
Five milliliters (5 ml) of venous blood sample was collected from each participant into plain container for determination of cytokine and albumin levels. Blood samples were allowed to clot, then retracted and centrifuged for 10 mins at 4000 rpm. Serum samples were separated and stored at -20 0C until analyzed.
Determination of Cytokine levels
Tumor necrosis factor-alpha and interleukin-10 levels were determined using sandwich enzyme-linked immunosorbent assay technique. 
Albumin
This was determined using the Bromocresol green method (BCG) described by Doumas and Watson (1971) and referenced by Okpogba et al. (2021). 

Statistical analysis
The data obtained was analyzed using SPSS (Statistical Package for Social Sciences) 20.0 and expressed as Mean ± Standard deviation. Independent t-test and Pearson correlation was used to determine statistical difference and the association between variable. P value < 0.05 was considered statistically significant.  

RESULTS
In Table 1, the mean values of serum TNF-α, IL-10 with albumin of the test group and the control group are represented. There was a significant increase in the mean values of serum TNF-α and IL-10 in the male patients with post-surgical wound infection (test group) compared to the observed levels in the apparently healthy individuals (TNF-α = 164.08±4.092 Vs 46.24±8.418; p = 0.001; IL-10 = 32.36±9.367 Vs 16.80±5.874; p = 0.001).
However, there was a statistically significant decrease in the mean value of serum albumin present in the test group when compared to the observed values in the control group (32.88±5.311 Vs 36.41±5.654; p = 0.027), (Table 1).

There was no significant correlation observed between the parameters (TNF-α, IL-10 and albumin) studied in the test group (p>0.05), (Table 2). 
A significant negative correlation was observed between the parameters TNF-α vs Albumin (r = -0.498; p = 0.011). However, a significant positive correlation was observed between the parameters TNF-α vs IL-10 (r = 0.728; P = 0.001), (Table 3).
Table 1: The mean values of Tumor necrosis factor alpha, Interleukin-10 and Albumin circulating among male patients with post-surgical wound infection and control group (Mean ± SD)
	PARAMETERS
	GROUP
	N
	MEAN±SD
	T-value
	P-value

	TNF-α
	TEST
	25
	164.08±4.092
	62.952
	0.001*

	
	CONTROL
	25
	46.24±8.418
	
	

	IL-10
	TEST
	25
	32.36±9.367
	7.037
	0.001*

	
	CONTROL
	25
	16.80±5.874
	
	

	Albumin
	TEST
	25
	32.88±5.311
	2.274
	0.027*

	
	CONTROL
	25
	36.41±5.654
	
	


*Statistical significance at p<0.05
TNF-α = Tumor Necrosis Factor-alpha
IL-10 = Interleukin-10





Table 2: Level of association between the parameters studied in the test group
	Parameters
	r-value
	p-value

	TNF-α Vs Albumin
	0.365
	0.073

	IL-10 Vs Albumin
	0.024
	0.909

	TNF-α Vs IL-10
	0.271
	0.189


*Statistical significance at p<0.05

Table 3: Level of association between the parameters studied in the control group
	Parameters
	r-value
	p-value

	TNF-α Vs Albumin
	-0.498
	0.011*

	IL-10 Vs Albumin
	0.306
	0.136

	TNF-α Vs IL-10
	0.728**
	0.001*


*Statistical significance at p<0.05


DISCUSSION
In the present study, the mean serum TNF-α and IL-10 levels were significantly higher in the patients with post-surgical wound infections compared with the control group. These findings imply that there is an elevated inflammatory response and altered cytokine environment in patients with post-surgical wound infection compared to apparently healthy controls. More so, the observed cytokine imbalances in this study may facilitate impaired wound healing process and resolution commonly seen in these patients. The current reports agree with findings of previous studies by Ehiaghe et al. (2024), Ehiaghe et al. (2025a) and Ehiaghe et al. (2025b), who reported significantly higher levels of  tumor necrosis factor alpha, interferon-gamma, and interleukin-10 in patients wth post-surgical wound infection than in control group in Nnewi and Benin City, Nigeria, noting that multidrug-resistant bacterial infections are more virulent, and that the observed excessive inflammatory response may impede infection resolution which may explain, in part, why patients with MDR infections do not respond well to treatment, even when they receive prompt antibiotics. Also, Olszewska et al. (2022) in line with the present findings, demonstrated that both inflammatory markers, high sensitive C-reactive protein (hs-CRP) and TNF-α were higher in subjects with obstructive sleep apnea syndrome following surgery compared to the controls. 
However, the current study noted a significantly lower mean serum albumin level in the patients with post-surgical wound infections compared to the control group. This result aligns with the of Liu et al., 2017; Ge et al., 2017; Issangya et al., 2020; Hu et al., 2023). Albumin accounts for nearly three-quarters of serum's antioxidant capacity (Keller, 2019).  Hepatic synthesis maintains circulating albumin, which can reach the interstitium and tissues and act as a free radical scavenger and antioxidant (Weaving et al., 2016). Albumin production and anti-inflammatory properties may be enhanced in response to the level of inflammation (Weaving et al., 2016).  Inflammatory conditions lead to an increase in albumin breakdown in addition to increased albumin synthesis, which can lead to hypoalbuminemia (Weaving et al., 2016).  Decrease in serum albumin level causes a fall in oncotic pressure which in turn leads to interstitial oedema and this can worsen the progression of wound healing and recovery. Studies also showed that hypoalbuminemia contributes in process of wound healing, fracture union and severity of disease (Robert et al., 2003). Serum albumin is frequently employed in clinical practice as a measure of nutritional status and has a strong correlation with clinical outcomes (Almasaudi et al., 2020).
The levels of TNF-α vs. albumin showed a significant negative correlation in the control subjects. This may suggest that in apparently healthy individuals as the pro-inflammatory cytokine (TNF-α) is increasing, there is a corresponding decrease in the serum albumin level.  On the other hand, a significant positive association between TNF-α and IL-10 level was found in the control group. this points to the fact that as the pro-inflammatory cytokine (TNF-α) rises in apparently healthy individuals, there is a corresponding increase in the anti-inflammatory cytokine (IL-10) level which functions to counteract the effect of the TNF-α.
CONCLUSION
This study found that patients with post-surgical wound infections had significantly lower mean serum albumin levels and significantly higher mean serum levels of TNF-α and IL-10.  These results highlight the possible roles that serum albumin and TNF-α/IL-10 dysregulation may play in the development and severity of surgical wound infections in male patients. The observed excessive inflammatory response may hinder infection resolution, which leads to poor treatment outcomes despite timely antibiotic treatment.  
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