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ABSTRACT
Background: HIV continues to pose a major global health burden, particularly in developing countries, where its association with renal complications is becoming increasingly evident. The situation is further aggravated by malaria co-infection, which not only heightens mortality but also accelerates HIV-1 progression through CD4+ cell activation and pro-inflammatory cytokine upregulation. Despite this critical overlap, limited research has examined biochemical markers that may reflect or predict these complications. 
Aim: This study therefore evaluated serum clusterin and uric acid levels in HIV-infected patients, with and without malaria co-infection, at Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi, to provide insights into potential biomarkers for monitoring disease progression and co-morbidity outcomes. 
Method: This case-controlled study involved eighty-eight participants, aged 18-65 years, recruited from the voluntary counseling and testing (VCT) and antiretroviral therapy (ART) units of NAUTH, Nnewi. Participants were randomly assigned to four groups (n=22 each): HIV positive without malaria, HIV positive with malaria, HIV negative with malaria, and HIV negative without malaria (control). Six milliliters of blood were collected from each participant for the determination of serum clusterin and uric acid levels using established laboratory methods. 
Result: The findings revealed significantly higher serum clusterin (463.70±85.84 pmol/L) and uric acid (346.13±77.95 µmol/L) in HIV positive patients co-infected with malaria when compared to HIV seropositive subjects only and control subjects (p<0.05). Furthermore, clusterin levels were significantly elevated in males (422.16±89.11 pmol/L) compared to females (p<0.05). Notably, HIV subjects with CD4 counts of ≤500 cells/µL exhibited significantly higher clusterin (444.86±108.15 pmol/L) and uric acid (323.08±74.77 µmol/L) levels than those with CD4 counts >500 cells/µL (p<0.05). 
Conclusion: This study concludes that HIV-malaria co-infection is associated with a pronounced inflammatory reaction and hyperuricemia, indicative of heightened oxidative stress. These biochemical alterations signify an increased risk for renal dysfunction and disease severity among co-infected individuals. 
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[bookmark: _Toc184026906]INTRODUCTION
Human immunodeficiency virus (HIV), the etiological agent of acquired immunodeficiency syndrome (AIDS), primarily affects and impairs immune system cells, persistently posing a major global public health challenge. This is particularly evident in developing countries such as Nigeria (WHO, 2020). The devastating impacts of HIV are widespread, with an estimated 38.0 million people living with HIV and nearly 33 million lives claimed by the virus globally by the end of 2019 (WHO, 2020). Transmission routes include sexual intercourse, shared intravenous drug paraphernalia, and mother-to-child transmission through contact with infected body fluids (WHO, 2020). It is important to note that individuals living with HIV who adhere to antiretroviral therapy (ART) and achieve viral suppression do not transmit the virus to their sexual partners (WHO, 2020). As the virus progressively destroys immune cells, infected individuals develop immunodeficiency, leading to an increased susceptibility to a broad spectrum of infections, cancers, and other diseases that typically healthy immune systems can ward off (May et al., 2014; Ezeugwunne et al., 2019).
The advent of antiretroviral therapy significantly improved the prognosis for HIV-positive individuals, drastically reducing mortality rates and enhancing life expectancy worldwide (Wandeler et al., 2016). However, the long-term use of ART has also introduced new health complications, most notably the emergence of renal disease (Joshi et al., 2018). Renal dysfunction in people living with HIV (PLWH) is a multifactorial issue, resulting from direct HIV infection effects, HIV-induced inflammation, co-morbid diseases, and the nephrotoxicities associated with ART drugs (Chazot et al., 2017; Adeleke and Emokpae, 2019). Kidney disease, manifesting as acute kidney injury, HIV-associated kidney disease, co-morbid chronic kidney disease (CKD), and treatment-related kidney toxicity, has been identified as a significant cause of mortality among PLWH undergoing ART (Chazot et al., 2017; Wyatt, 2017). Compared to HIV-negative individuals, HIV-positive patients generally exhibit a higher risk of proteinuria, albuminuria, and reduced glomerular filtration rates (Shinha et al., 2015; Ukibe et al., 2018). Certain antiretroviral medications have been linked to the progression of kidney disease, inhibition of renal tubular transporters that mediate creatinine secretion, or impaired reabsorption of phosphate and low-molecular weight proteins (Post, 2020). Consequently, long-term ART use can lead to potentially life-threatening kidney derangements (Adeleke and Emokpae, 2019). Therefore, meticulous and consistent monitoring of renal function, employing relevant renal biomarkers, is crucial for the effective management of HIV-infected individuals on ART (Galati et al., 2022).
Further complicating the clinical management of HIV is co-infection with malaria, a widespread mosquito-borne infectious disease globally (WHO, 2022). Malaria typically presents with symptoms such as fever, fatigue, vomiting, and headaches, and can progress to severe outcomes including jaundice, seizures, coma, or even death (WHO, 2024). Symptoms commonly appear 10 to 15 days after an infected mosquito bite, and without proper treatment, recurrences may occur months later (WHO, 2022). The co-infection of HIV with malaria is known to increase mortality rates (Sanyaolu et al., 2013). Moreover, malaria infection creates an ideal micro-environment that promotes rapid HIV-1 replication by inducing strong CD4+ cell activation and up-regulating pro-inflammatory cytokines, thereby facilitating the spread of the virus among CD4+ cells (WHO, 2022). Kidney failure, particularly associated with blackwater fever where hemoglobin from lysed red blood cells leaks into the urine, is also a reported complication of severe malaria (Hanif et al., 2023).
In this intricate pathological landscape, the identification and evaluation of reliable diagnostic and prognostic biomarkers for renal health are increasingly vital (Galati et al., 2022). This study investigates serum clusterin and uric acid as markers of emerging relevance. Clusterin, a heterodimer circulating in human blood plasma and expressed in renal proximal tubule epithelial cells, plays protective roles during oxidative stress and endothelial injury (Figueroa et al., 2019; Pizzino et al., 2017). Its secreted form is associated with a protective response, while the nuclear form is linked to cell death and apoptosis during oxidative stress (Pizzino et al., 2017). Similarly, elevated serum uric acid (SUA) levels, or hyperuricemia, are consistently associated with endothelial dysfunction in HIV patients (Nsonwu-Anyanwu et al., 2017; Pirro et al., 2018). The hyperuricemia observed in HIV infection may result from complex pathological, metabolic, and immunological interactions characteristic of disease progression, including HIV viremia-induced increased cell turnover, loss of mononuclear cells, autoimmune or neoplastic disorders, hypercatabolic states, concomitant infections, and heightened oxidative stress (Patel et al., 2019). Furthermore, some antiretroviral drugs are associated with mitochondrial dysfunction, leading to increased lactate formation which competes with urate for tubular secretion in the kidneys, contributing to hyperuricemia (Alrubayyi et al., 2022). Elevated uric acid is a recognized risk factor for various metabolic diseases, including inflammatory gout, hypertension, cardiovascular death, renal disease, atherosclerosis, and ischemic heart disease (Liu et al., 2020; Wang et al., 2019; Nagahama et al., 2015).
Nigeria currently faces a substantial burden of HIV infection, with a reported 1.4% prevalence among adults aged 15–49 years nationally, rising to 1.9% in the southeastern part of the country (UNAIDS, 2019). The increasing prevalence of HIV, coupled with the frequent co-infection of malaria, significantly exacerbates the risk of renal complications. These deleterious effects on the kidneys can stem from the direct viral impact, antiretroviral drug usage, or co-morbidities owing to the vulnerability of HIV-positive patients to opportunistic pathogens, which further intensify the negative impacts of HIV infection (UNAIDS, 2019). In light of this critical public health scenario and the increasing prevalence of HIV and malaria co-infection, it has become imperative to evaluate clusterin and uric acid levels in these patient populations at Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi. This evaluation aims to facilitate early prognosis, detection, and enhanced management of potential renal complications and disease severity, thereby reducing the risks of greater complications in these subjects.
Therefore, this study specifically aimed to evaluate serum clusterin and uric acid levels in HIV-infected patients, both with and without malaria co-infection, at Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi, Nigeria. 
MATERIALS AND METHODS
Materials: The materials utilized in this project included a Tourniquet, 5ml Syringe, plain test tubes, Cotton wool, Swabs, spectrophotometer, refrigerator, centrifuge, microplate reader, automatic pipette, weighing balance, measuring tape, and sphygmomanometer. Additionally, reagents such as clusterin and uric acid kits were employed.
Study Design and Participants Recruitment: This investigation was a case-controlled study specifically designed to evaluate clusterin and uric acid levels in HIV-infected patients co-infected with malaria at Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi. A total of eighty-eight (88) HIV positive patients and control participants, aged between 18 and 65 years, were randomly recruited from the voluntary counseling and testing (VCT) unit and the antiretroviral therapy (ART) unit in the HIV clinic (IHVN centre) of NAUTH, Nnewi. Prior to commencing the study, informed consent was obtained from each participant. Participants were stratified into four distinct groups: Group A comprised HIV positive subjects without malaria (n=22); Group B included HIV positive subjects with malaria (n=22); Group C consisted of HIV negative subjects with malaria (n=22); and Group D was made up of HIV negative subjects without malaria (n=22).
Sample Size: The sample size for this study was meticulously calculated utilizing G*power software version 3.0.10 (Universitat Dusseldorf, Germany). A power analysis was conducted using an alpha level of 0.05, a power of 0.80, and a medium effect size of 0.4. Based on these parameters, the calculated total sample of 80 participants provided 80% power to detect a difference of 0.4 at a significance level of 0.05. To account for potential attrition throughout the study, a slightly larger total sample size of 88 participants was ultimately employed.
Study Site: This research was conducted exclusively at Nnamdi Azikiwe University Teaching Hospital, located in Nnewi, Nigeria.
Inclusion and Exclusion Criteria: Participants were included in the study if they were HIV positive patients receiving a triple combination of Stavudine, Lamivudine, and Nevirapine, consistent with the World Health Organization's (WHO) first-line antiretroviral therapy, or if they were HIV negative patients. All included participants were required to be aged between 18 and 65 years and meet the WHO criteria for HIV staging. Conversely, subjects with a history of smoking, hypertension, tuberculosis, heart diseases, or any other clinical condition apart from HIV infection were explicitly excluded from participation.
Sample Collection: For each participant in every group, a six-milliliter (6ml) blood sample was collected. These samples were then dispensed into plain containers, specifically designated for the subsequent determination of clusterin and uric acid levels. To preserve the integrity of the samples until analysis, the serum samples were stored at a temperature of -20°C.
Methods: HIV Determination Participants underwent screening for HIV infection using both Immunoassay and Immunochromatographic methods. Antibodies to HIV-1 and HIV-2 in human plasma were specifically determined using the Abbott Determine™ HIV-1 and HIV-2 kit, which functions as an in-vitro visually read immunoassay (Abbott Japan Co. Ltd. Tokyo, Japan). Additionally, the HIV-1 and 2 STAT-PAK Assay kit, an Immunochromatographic test for the quantitative detection of antibodies to HIV-1 and HIV-2 in human plasma (CHEMBIO Diagnostic system, Inc, New York, USA), was utilized.
Determination of Malaria: Malaria screening for participants was conducted using the Abbot Malaria Rapid Test kit, as described by Abbot Laboratories. This test employs lateral flow immuno-chromatography, a method effective in the diagnosis of malaria, to qualitatively detect plasmodium antigen in human whole blood samples.
Determination of Serum Clusterin: Serum clusterin levels were determined using an Immnoturbidimetric method with a human clusterin ELISA kit. The established reference range for CLU is between 50 and 1600 pmol/L.
Determination of Serum Uric Acid: Serum uric acid estimation was performed using the Uricase method, a procedure detailed by Ochei and Kolhatkar (2007).
Anthropometric Measurements: Weight and height measurements were taken from participants while they were dressed in clothing but without shoes. The Body Mass Index (BMI) was subsequently calculated using the formula: BMI = weight (kg) / height² (m²). Height was measured using a measuring tape attached to a wooden surface, while weight was recorded using a manual weighing scale. Overweight was defined as a BMI ≥ 25 kg/m², and generalized obesity was defined as a BMI ≥ 30 kg/m².
Blood Pressure Reading: Systemic blood pressure was recorded using an OMRON automatic digital blood pressure monitor. Measurements were taken on the left arm of each subject after a 10-minute rest period, using a cuff of appropriate size, with the subject in a sitting position. Blood pressure was expressed as both systolic and diastolic rates. Hypertension was diagnostically defined as a systolic blood pressure ≥ 140 mmHg and/or a diastolic blood pressure ≥ 90 mmHg.
Statistical Analysis: All obtained data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 25.0. Results were presented as mean ± standard deviation (SD). Statistical analysis involved the application of one-way analysis of variance (ANOVA), followed by a post-hoc t-test and Pearson correlation to examine relationships between variables. The level of statistical significance for all analyses was predetermined and set at P˂0.05.
RESULTS
Table 1 Shows the comparison between age and anthropometric indices among HIV positive only, co-infection, malaria positive only and control groups.
There was a significant difference when the mean systolic blood pressure (SBP) of the co-infection group was compared to that of the HIV positive only group with p=0.006
There was a significant difference when the mean systolic blood pressure (SBP) of the HIV positive only group was compared to that of the Malaria positive only group with p=0.000
Table 1 Comparison of The Mean Value of Age and Anthropometric Values Among HIV Positive Only, Co-Infection, Malaria Positive Only and Control Groups.
	Groups
	Age(years)
	SBP (mmHg)
	DBP (mmHg)
	BMI (kg/m2)

	HIV POSITIVE ONLY(A)
	26.00±10.50
	117.92±14.44
	80.42±14.89
	24.58±4.24

	CO-INFECTION(B)
	26.38±8.52
	121.00±7.88
	76.67±12.39
	24.79±4.99

	MALARIA POSITIVE ONLY(C)
	24.05±2.35
	113.24±9.28
	80.00±7.95
	24.32±4.08

	CONTROL(D)
	24.05±5.95
	108.75±11.16
	74.76±10.78
	26.31±3.51

	F-value
	1.036
	4.936
	1.126
	0.923

	p-value
	0.987
	0.003*
	0.343
	0.433

	AvsB
	0.948
	0.006*
	0.280
	0.866

	AvsC
	0.069
	0.000*
	0.909
	0.845

	AvsD
	0.085
	0.055
	0.117
	0.178

	BvsC
	0.731
	0.364
	0.360
	0.722

	BvsD
	0.682
	0.424
	0.595
	0.236

	CvsD
	0.408
	
	0.102
	0.165


Data was analysed using one-way ANOVA, post hoc LSD was used to carry out multiple comparison and values were considered to significant at p<0.05
Table 2 Shows comparison of Mean ± SD of Clusterin and Uric Acid in HIV Positive, Co-infection, Malaria Positive and Non-HIV/Malaria test subjects by Gender
The mean value of Clusterin was significantly higher(P<0.05) in males (422.16±89.11) when compared to females. There was no significant difference(P>0.05) in the mean value of uric acid when compared by gender.
TABLE 2 COMPARISON OF MEAN±SD OF SERUM CLUSTERIN AND URIC ACID BY GENDER OF SUBJECTS HAVING CO-INFECTION
	GENDER
	CLUSTERIN (pmol/l)
	URIC ACID (µmol/l)

	Male (n=9)
	422.16±89.11
	288.16±53.98

	Female n (=13)
	379.44±109.85
	298.55±75.73

	F(P) Value
	3.896(0.000)*
	0.570(0.452)


*Statistically significant at P<0.05
Table 3 Shows comparison of CD4 Count and Test parameters. The mean value of CD4 Count (<=500) was significantly higher(P<0.05) in Clusterin (444.86±108.15) when compared to CD4 Count (>500) (370.63±74.01). The mean value of CD4 Count (<=500) was significantly higher(P<0.05) in Uric Acid (323.08±74.77) when compared to CD4 Count (>500) (274.824±49.71).
Table 3 Comparison Based On Cd4 Count Below 500 And Above 500 And Test Parameters
	CD4 COUNT
	CLUSTERIN (pmol/l)
	URIC ACID (µmol/l)
	CD4 COUNT

	<=500
	444.86±108.15
	323.08±74.77
	<=500

	>500
	370.63±74.01
	274.82±49.71
	>500

	t(P) value
	-3.655(0.000)*
	-3.487(0.001)*
	t(P) value


*Statistically significant at P<0.05

Table 4 Shows comparison of Mean ± SD of Clusterin and Uric Acid in HIV Positive, Co-infection, Malaria Positive and Non HIV/Malaria test subjects
The mean value of Clusterin was significantly higher(P<0.05) in Co-infection subjects (463.70±85.84) when compared to other test subjects. Similarly, the mean value of Uric Acid was significantly higher(P<0.05) in Co-infection subjects (346.13±77.95) when compared to other test subjects.

Table 4 Comparison Of Mean±Sd Of Serum Clusterin And Uric Acid Among Groups
	GROUPS
	CLUSTERIN (pmol/l)
	URIC ACID (µmol/l)

	HIV POSITIVE ONLY (n=22)
	440.29±66.80
	297.65±49.18

	COINFECTION (n=22)
	463.70±85.84
	346.13±77.95

	MALARIA POSITIVE ONLY (n=22)
	407.80±61.77
	253.70±42.61

	CONTROL
(n=22)
	265.92±60.67
	163.19±27.75

	A vs B: P - Value
	0.060
	0.015*

	A vs C: P - Value
	0.009*
	0.020*

	A vs D: P - Value
	0.000*
	0.000*

	B vs C: P - Value
	0.000*
	0.000*

	B vs D: P - Value
	0.000*
	0.000*

	C vs D: P - Value
	0.000*
	0.000*


*Statistically significant at P<0.05

DISCUSSION
Human immunodeficiency virus (HIV) continues to pose a significant global public health challenge, particularly in developing countries like Nigeria, where its prevalence and devastating effects remain high despite ongoing efforts to control the disease. Nigeria, in particular, carries one of the highest burdens of HIV/AIDS globally, with a reported 1.4% prevalence among adults aged 15–49 years, reaching 1.9% in the southeastern region. The advent of antiretroviral therapy (ART) has markedly improved life expectancy among HIV-positive individuals. However, ART is not without its complications, with an emerging concern being kidney disease, which is suspected to be linked to these medications. The renal dysfunction can stem from various mechanisms, including the HIV infection itself, HIV-induced inflammation, comorbid conditions, and drug-related toxicities. Beyond HIV, malaria is another widespread infectious disease, and co-infection with HIV is known to increase mortality. Such co-infections are associated with strong CD4+ cell activation and an upregulation of pro-inflammatory cytokines, creating an environment conducive to rapid HIV-1 replication and spread among CD4+ cells. This study aimed to evaluate clusterin and uric acid levels in HIV-infected patients co-infected with malaria at Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi.
The mean age of the participants in this study ranged between 24.05±2.35 and 26.00±10.50 years. This demographic finding highlights that a significant proportion of those affected are young, vibrant individuals within the active workforce age bracket of 18 to 65 years, which carries serious implications for the country's economic productivity. This observation is consistent with other studies indicating that HIV and AIDS disproportionately affect younger populations, specifically those aged 15-49 years (UNAIDS, 2020).
Regarding anthropometric and physiological parameters, the mean systolic blood pressure (SBP) was significantly higher in the co-infection group and the HIV-positive-only group when compared to the malaria-positive-only and control groups (p=0.006 and p=0.000, respectively). Conversely, no significant difference was observed in the mean diastolic blood pressure (DBP) across the groups. Despite these variations, it is notable that the participants' blood pressure readings remained within the normotensive range (systolic blood pressure ≤ 140mmHg and/or diastolic blood pressure ≤ 90mmHg) (WHO, 2021). This finding contrasts with reports by Ezeugwunne et al. (2019), which indicated no significant alterations in SBP and DBP in HIV subjects receiving antiretroviral therapy compared to control groups. Furthermore, the study found no significant difference in the mean body mass index (BMI) among the various groups.
A noteworthy gender-based difference emerged in serum clusterin levels, with the mean value being significantly higher in males (422.16±89.11) compared to females (379.44±109.85) (P<0.05). Clusterin is recognized for its protective role during pathological stresses, attributed to its antioxidant and antiapoptotic properties (Figueroa et al., 2019). The elevated clusterin in males suggests a potentially higher susceptibility to oxidative stress in HIV-infected males compared to females. In contrast, no significant gender-based difference was observed in the mean serum uric acid levels (P>0.05), which may indicate that HIV status does not exert a gender-specific influence on uric acid metabolism.
The study also explored the relationship between immune status and the biomarkers. The mean values for both clusterin (444.86±108.15) and uric acid (323.08±74.77) were significantly higher (P<0.05) in participants with a CD4 count of 500 cells/µL or less, compared to those with a CD4 count greater than 500 cells/µL (clusterin 370.63±74.01; uric acid 274.82±49.71). Given that clusterin and uric acid function as markers of oxidative stress (Figueroa et al., 2019), these findings suggest that lower CD4 counts, often indicative of higher viral loads, correlate with increased levels of oxidative stress.
Crucially, the mean serum clusterin level was significantly higher in co-infected subjects (463.70±85.84) compared to all other study groups (P<0.05). This result strongly implies heightened levels of oxidative stress within the context of HIV and co-infection. Furthermore, clusterin is known to be expressed in instances of kidney injury, which can arise from factors such as extensive drug usage, including antiretroviral therapy. Similarly, the mean serum uric acid level was significantly higher in co-infected subjects (346.13±77.95) when compared to other groups (P<0.05). This elevation points to hyperuricemia, defined as elevated blood uric acid, a condition that predisposes individuals to gout (Song et al., 2022). Hyperuricemia typically results from either the overproduction of uric acid or inefficient renal excretion, with the latter accounting for over 90% of cases, or from medications that impair renal urate clearance (Feng et al., 2022). Clinically, hyperuricemia is established at serum uric acid levels exceeding 450 μmol/L for males and 390 μmol/L for females (Feng et al., 2022). Excessive production and accumulation of monosodium urate, coupled with reduced urinary excretion, lead to elevated uric acid levels in bodily fluids, potentially resulting in crystal deposition in joints and tissues, causing pain and inflammation (Narang and Dalbeth, 2020). Elevated uric acid is also associated with a range of metabolic diseases, including inflammatory gout, hypertension, cardiovascular mortality, renal disease, atherosclerosis, and ischemic heart disease (Liu et al., 2020, Wang et al., 2019, Nagahama et al., 2021). The overall results of this study indicated significantly higher serum clusterin (463.70±85.84) and uric acid (346.13±77.95) levels in HIV-positive patients co-infected with malaria compared to HIV-seropositive subjects only and control subjects (p<0.05).
CONCLUSION 
This study unequivocally demonstrates significantly higher serum clusterin and uric acid levels in HIV-positive patients co-infected with malaria compared to those with HIV infection alone and HIV-negative subjects. The observed elevations in serum clusterin and uric acid in HIV-infected individuals co-infected with malaria are indicative of substantial inflammation and hyperuricemia, likely driven by heightened oxidative stress. These pathological processes collectively contribute to an increased risk of renal dysfunction and exacerbation of disease severity in this vulnerable population.
RECOMMENDATION
Given the significantly higher serum clusterin and uric acid levels observed in HIV-positive patients co-infected with malaria, which indicate substantial inflammation and hyperuricemia driven by heightened oxidative stress, it is imperative to integrate regular and diligent monitoring of these novel biomarkers into the routine clinical management of HIV-positive individuals, especially those with malaria co-infection. This proactive approach will facilitate the early detection of renal dysfunction, pathological stresses, and potential exacerbation of disease severity, thereby enabling timely interventions and enhancing the overall management strategies for this vulnerable patient population.

INFORMED CONSENT 
Prior to the commencement of the study, written informed consent was diligently sought and obtained from all participating subjects
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