



Evaluation of Serum IFN-gamma and IL-10 Equilibrium in HIV-Positive Subjects on ART in Rivers State, Nigeria


Abstract
Background: In the clinical management of HIV, viral suppression is often the primary focus, yet the underlying immune architecture frequently remains in a state of disharmony. This study investigated the pro-inflammatory (IFN-gamma) and anti-inflammatory (IL-10) profiles of HIV-positive subjects on Antiretroviral Therapy (ART) compared to healthy controls in Rivers State, Nigeria.
Methods: A cross-sectional comparative study was conducted involving 126 participants: 63 HIV-positive individuals on stable ART and 63 healthy controls. Cytokine levels were quantified using high-sensitivity Enzyme-Linked Immunosorbent Assay (ELISA).
Results: The study observed a profound cytokine inversion. IFN-gamma levels were significantly depleted in the HIV group compared to controls while IL-10 levels were significantly lower than the control group, suggesting a state of suppressed peace rather than balanced regulation. Regional variations were significant for IL-10 and the IFN-γ/IL-10 ratio, with Rivers West exhibiting the lowest ratio, indicating a shift toward a Th2-skewed environment and advancing immune dysfunction.
Conclusion: ART alone is insufficient to restore immunological homeostasis, leaving a protection gap despite viral suppression. The persistent dysregulation of the IFN-γ/IL-10 equilibrium underscores the need for clinical attention beyond mere viral load monitoring.
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1. Introduction
The transition of HIV from an acute terminal illness to a chronic manageable condition is one of the greatest triumphs of modern medicine. However, for the population in Rivers State, Nigeria, the management of HIV involves more than just lowering viral counts. It requires the restoration of a complex signaling network of cytokines that dictate how the body responds to infections and internal stress.
Interferon-gamma (IFN-gamma) is the cornerstone of the Th1 response, serving as the primary activator of macrophages and the "alert system" for cellular defense. Conversely, Interleukin-10 (IL-10) is a potent anti-inflammatory agent that prevents the immune system from causing collateral tissue damage. In a healthy individual, these two exist in a rhythmic balance. A study by Obeagu & Chukwu (2024) noted that the chronic nature of HIV management in the Niger Delta is often complicated by persistent immune exhaustion. This study explores whether the current standard of care Antiretroviral Therapy (ART) effectively re-establishes this cytokine balance or merely maintains a suppressed peace.
Cytokines are small signalling proteins essential for regulating immune responses and inflammation. In HIV infection, proinflammatory cytokines such as interferon-gamma (IFN-γ), tumour necrosis factor-alpha (TNF-α), interleukin-6 (IL-6) and interleukin-1 beta (IL-1β) become significantly elevated. These molecules play a pivotal role in the pathogenesis of HIV, contributing to chronic inflammation, immune activation, and the persistence of viral replication. Together, these processes drive the progression of HIV infection and its associated complications (Streeck et al., 2022).
One of the defining features of HIV infection is chronic immune activation, a process heavily influenced by the overproduction of proinflammatory cytokines. TNF-α, IL-6 and IL-1β are released by activated monocytes and macrophages in response to HIV antigens. These cytokines stimulate continuous activation and proliferation of immune cells, leading to an overactive immune system that eventually becomes dysfunctional and exhausted. This state of chronic activation correlates with the depletion of CD4+ T-cells even in patients undergoing antiretroviral therapy (ART) (Streeck et al., 2022). Such immune exhaustion significantly undermines the ability of the body to combat infections and respond to vaccines effectively (Streeck et al., 2022).
Proinflammatory cytokines also directly enhance HIV replication. TNF-α activates nuclear factor-kappa B (NF-κB), a transcription factor that binds to the long terminal repeat (LTR) regions of the HIV genome. This activation boosts viral gene expression and increases the production of new virions (Wong et al., 2020). Similarly, IL-6 has been shown to upregulate HIV transcription and promote the release of viral particles. These effects perpetuate high viral loads, particularly during the acute and advanced phases of infection, further exacerbating disease progression.
Systemic inflammation driven by these cytokines has far-reaching effects, contributing to a range of HIV-associated comorbidities. For instance, IL-6 is strongly associated with an increased risk of cardiovascular disease in HIV-positive individuals. By promoting endothelial dysfunction, atherosclerosis, and thrombosis, elevated IL-6 levels increase the prevalence of coronary artery disease and other vascular conditions in this population (Serrano-Villar et al., 2014). Similarly, neurocognitive impairments observed in HIV patients, collectively referred to as HIV-associated neurocognitive disorders (HAND), are partly attributed to the neuroinflammatory effects of cytokines such as TNF-α and IL-1β. These cytokines induce neuronal damage and disrupt the blood-brain barrier, leading to cognitive decline and neurodegeneration (Williams et al., 2018). Additionally, metabolic syndromes, including insulin resistance and dyslipidaemia, are linked to elevated levels of TNF-α and IL-6, highlighting their role in the development of diabetes and obesity in HIV patients (Lake & Currier, 2017).
Given their significant role in HIV pathogenesis, proinflammatory cytokines represent promising therapeutic targets. Strategies to mitigate their impact include the use of monoclonal antibodies, cytokine receptor antagonists, and small molecule inhibitors. For example, TNF-α inhibitors like infliximab and etanercept have been explored for their ability to reduce immune activation and systemic inflammation. Similarly, IL-6 blockade using agents such as tocilizumab shows potential in addressing inflammation-related comorbidities. Beyond these targeted approaches, effective ART remains a cornerstone of therapy. By suppressing viral replication, ART not only halts disease progression but also reduces the levels of proinflammatory cytokines, alleviating inflammation and immune activation (Deeks et al., 2017).
Anti-inflammatory cytokines play a crucial role in regulating immune responses during HIV infection, significantly influencing disease progression and treatment outcomes. These molecular mediators help maintain immune homeostasis while simultaneously impacting viral persistence and immune reconstitution. IL-10 serves as a master regulator of immune responses in HIV infection. Recent studies have demonstrated its dual role: while it helps control excessive inflammation, elevated levels can suppress antiviral immune responses (Wang et al., 2022). Research has shown that HIV-infected individuals with chronic disease progression exhibit higher IL-10 levels compared to elite controllers (Thompson et al., 2023).
TGF-β has emerged as a critical mediator in HIV pathogenesis. Current research indicates its involvement in the regulation of T cell responses, maintenance of naive T cell quiescence, and promotion of regulatory T cell (Treg) development (Chen, 2023). Through canonical and non-canonical signaling networks, TGF-β contributes to the establishment and maintenance of the persistent viral reservoir (Shahum & Nixon, 2026). Recent studies have highlighted the role of IL-4 in HIV infection particularly its contribution to immune dysregulation alongside other cytokines like IL-10 and IFN-γ (Sokoya et al., 2026).
Anti-inflammatory cytokines maintain a delicate balance in immune responses during HIV infection. Studies have shown that dysregulation of these cytokines—characterized by a rise in Th2 cytokines and a reduction in Th1 cytokines—correlates with increased viral replication and accelerated CD4+ T cell depletion (Sokoya et al., 2026). Contemporary research revealed that anti-inflammatory cytokines contribute to viral persistence by promoting latency establishment in memory CD4+ T cell subsets (Moore & Pernet, 2025). Recent clinical studies demonstrated that monitoring neuroimmune cytokine profiles, such as IL-10, can predict survival and treatment outcomes in patients with HIV-associated complications (Boulware et al., 2023).
The ratio between Interferon-gamma (IFN-γ) and Interleukin-10 (IL-10) remains a crucial immunological marker. A shift from a Th1 response to a Th2-dominated response serves as a primary indicator for disease progression and immune dysfunction (Sokoya et al., 2026).
IFN-γ plays a vital role in the antiviral immune response by enhancing macrophage activation and promoting Th1 responses (Sokoya et al., 2026). Research confirms that maintaining IFN-$\gamma$ production is crucial for controlling viral replication and is associated with slower disease progression, whereas its suppression by anti-inflammatory mediators jeopardizes host defenses (Govindaraj et al., 2023; Lema et al., 2025).
The role of IL-10 in HIV infection has been further elucidated in recent years. While it demonstrates antiviral properties by suppressing HIV replication in macrophages through the inhibition of pro-inflammatory cytokine production, its potent immunosuppressive effects can impair the protective Th1 response crucial for viral control (Brockman et al., 2009; Sokoya et al., 2026). Contemporary studies have linked elevated IL-10 levels to increased viral loads, chronic immune activation, and accelerated disease progression (Vinhaes et al., 2021).
Recent investigations have reinforced the value of the IFN-γ/IL-10 ratio as a prognostic marker in HIV infection. Clinical observations indicate that higher ratios reflecting a dominance of type 1 interferon responses over regulatory ones consistently correlate with better clinical outcomes and slower disease progression (Sokoya et al., 2026). This ratio provides crucial insights into the balance between protective cell-mediated immunity and viral-induced immunosuppression.
Modern longitudinal studies have confirmed that the IFN-γ/IL-10 ratio typically decreases as HIV disease advances, with notably lower ratios observed in patients with advanced disease compared to those in earlier stages (Lema et al., 2025). This decline reflects the progressive shift from a protective Th1 response to an exhausted, Th2-dominated or regulatory immune environment. Advanced immunological monitoring has established the IFN-$\gamma$/IL-10 ratio as a valuable tool for assessing treatment effectiveness. Recent studies have demonstrated that successful antiretroviral therapy (ART) leads to significant improvements in this ratio, indicating the restoration of immune homeostasis and successful immune reconstitution (Sokoya et al., 2026).
2. Materials and Methods
2.2 Study Design
This study utilized a cross-sectional comparative design, recruiting 63 participants from healthcare facilities within Rivers State.
2.3 Sample Size
The sample size was determined using the standard formula for estimating proportions (n = Z²P(1-P)/d²), where the HIV prevalence (P) was set at 3.8% based on Rivers State data from the 2018 Nigeria HIV/AIDS Indicator and Impact Survey (Federal Ministry of Health Nigeria, 2019), the confidence level at 95% (Z = 1.96), and the precision level at 5% (d = 0.05). This calculation resulted in a required sample size of approximately 56. However, this study adopted a sample size of 63.
2.4 Study Population
A total of 63 HIV-positive individuals on a stable ART regimen and 63 HIV-negative healthy controls were enrolled from nine health facilities distributed across the three senatorial districts of Rivers State (21 participants per district, seven per facility), with recruitment facilitated through coordination with clinic personnel and counselors who identified eligible participants based on study criteria, while controls were sourced from identical geographical locations to maintain environmental and demographic comparability, focusing on the 20-45 age demographic to ensure results reflected the immune status of the most economically and physically active segment of the population.
2.5 Eligibility Criteria
Inclusion Criteria
Eligible participants included HIV-positive individuals who had been on ART for a minimum of five years and apparently healthy HIV-negative individuals, within the 20–45 age range, provided informed consent, without severe psychiatric disorders and substance abuse history as well as residing in Rivers State. 
Exclusion Criteria
Participants were excluded if they were pregnant, lactating, had serious comorbid conditions including malignancies or severe cardiovascular diseases, had undergone surgery or major medical interventions in the past three months, were unable to consent, or lived outside Rivers State.
2.6 Sample Collection
Blood samples (2ml) were collected into sterile plain glass vacutainers. The samples were centrifuged to separate the serum, which was then transferred into sterile aliquot tubes for analysis for Interferon-gamma (IFN-γ) and Interleukin-10 (IL-10).
Laboratory Quantification
2.7.1 Estimation of IFN-γ and IL-10
Method: Enzyme-Linked Immunosorbent Assay (ELISA) as described by Januarie et al. (2021).
Principle: The sandwich ELISA technique uses two antibodies that bind to different epitopes of the target cytokine (IFN-γ or IL-10). The capture antibody is pre-coated onto a microplate, and the detection antibody is biotinylated. The signal is amplified using streptavidin-HRP conjugate and visualized with a chromogenic substrate.
Procedure
Serum was separated from whole blood via centrifugation at 3000 rpm for 15 minutes and stored at -80°C. Samples were introduced to microplates pre-coated with antibodies specific to IFN-gamma and IL-10. After a series of incubation and wash cycles, a colorimetric reaction was triggered using TMB substrate. The optical density was read at 450nm. Final concentrations were derived using a standard curve, providing a precise measurement in pg/mL.
2.7.2 Determination of IFN-γ/IL-10 Ratio: 
IFN-γ/IL-10 = Interferon-gamma (pro-inflammatory)/Interleukin-10 (anti-inflammatory)
2.8 Statistical Analysis
The data produced by the research was analyzed using the Statistical Package for Social Sciences (SPSS) version 24. Group comparisons were conducted utilizing independent t-test, one-way ANOVA and a subsequent Post Hoc test, where a significance level of p < 0.05 was applied for statistical significance. The findings were visually presented in tables.


3. Results
Table 1: Sociodemographic Data of HIV Individuals Controls
	
	Rivers East
	
	Rivers S-East
	
	Rivers West
	

	
	HIV
	Control
	HIV
	Control
	HIV
	Control 

	Sex
	
	
	
	
	
	

	Female
	12
	12
	14
	12
	14
	10

	Male
	9
	9
	7
	9
	7
	11

	Primary
	3
	4
	3
	3
	5
	4

	Secondary
	8
	5
	8
	9
	9
	6

	Tertiary
	9
	12
	10
	9
	7
	11

	Marital Status
	
	
	
	
	
	

	Married 
	10
	9
	11
	12
	10
	8

	Single
	8
	9
	6
	5
	7
	8

	Widowed 
	3
	3
	4
	3
	4
	5

	Occupation
	
	
	
	
	
	

	Self Employed
	11
	10
	12
	8
	9
	12

	Civil Servant
	10
	11
	9
	13
	12
	8





Table 2:  Comparison of Cytokine Levels Between HIV Individuals and Controls
Abbreviations:  IFN-γ: Interferon-gamma, IL-10: Interleukin-10. Significance level: *=p<0.05, NS = not significant (p>0.05)

	
	IFN-γ (pg/mL)
	IL-10 (pg/mL)
	IFN-γ/IL-10

	HIV Subjects  (n= 21)
	14.92 + 9.83
	0.53 + 0.20
	240.59 + 112.16

	Control  (n= 21)
	83.83 + 8.21
	1.50 + 0.86
	95.46 + 88.52

	P-value
	< 0.001
	< 0.001
	< 0.001

	E-value
	19.2654
	8.487
	8.0619

	Remark
	S
	S
	S





Table 3: Comparison of Cytokine Levels Between HIV Individuals and Controls in Rivers East
	
	IFN-γ (pg/mL)
	IL-10 (pg/mL)
	IFN-γ/IL-10

	HIV Subjects  (n= 21)
	118.10 + 13.74
	0.52 + 0.22
	277.02 + 159.30

	Control  (n= 21)
	84.86 + 8.52
	2.06 + 0.72
	46.00 + 16.98

	P-value
	< 0.001
	< 0.001
	< 0.001

	E-value
	9.424
	9.345
	6.608

	Remark
	S
	S
	S


Abbreviations:  IFN-γ: Interferon-gamma, IL-10: Interleukin-10. Significance level: *=p<0.05, NS = not significant (p>0.05)









Table 4: Comparison of Cytokine Levels Between HIV Individuals and Controls in Rivers South-East
	
	IFN-γ (pg/mL)
	IL-10 (pg/mL)
	IFN-γ/IL-10

	HIV Subjects  (n= 21)
	112.71 + 71.75
	0.48 + 0.154
	255.309 + 72.929

	Control  (n= 21)
	83.76 + 8.04
	0.93 + 0.764
	169.40 + 116.92

	P-value
	< 0.001
	0.015
	0.007

	E-value
	11.871
	0.263
	2.857

	Remark
	S
	S
	S


Abbreviations:  IFN-γ: Interferon-gamma, IL-10: Interleukin-10. Significance level: *=p<0.05, NS = not significant (p>0.05)


Table 5: Comparison of Cytokine Levels Between HIV Individuals and Controls in Rivers West
	
	IFN-γ (pg/mL)
	IL-10 (pg/mL)
	IFN-γ/IL-10

	HIV Subjects  (n= 21)
	113.952 + 5.85
	0.656 + 0.189
	189.45 + 62.741

	Control  (n= 21)
	82.857 + 18.350
	1.51 + 0.725
	70.99 + 37.34

	P-value
	< 0.001
	< 0.001
	< 0.001

	E-value
	13.981
	5.215
	7.434

	Remark
	S
	S
	S


Abbreviations:  IFN-γ: Interferon-gamma, IL-10: Interleukin-10. Significance level: *=p<0.05, NS = not significant (p>0.05)










Table 6: Comparison of Cytokine Levels Among HIV Subjects Based on Senatorial Zones
	
	IFN-γ (pg/mL)
	IL-10 (pg/mL)
	IFN-γ/IL-10

	Riv East
	118.09 + 13.74
	0.52 + 0.22a
	277.02 + 159.30a

	Riv S/East
	112.71 + 7.75
	0.48 + 0.15a
	255.31 + 72.93b

	Riv West
	113.95 + 5.84
	0.66 + 0.19b
	189.45 + 62.74c

	P-value
	0.179
	0.010
	0.028

	F-value
	1.768
	4.976
	3.783

	Remark
	NS
	S
	S


Abbreviations:  IFN-γ: Interferon-gamma, IL-10: Interleukin-10. Mean ± SD within a given parameter with different superscripts are significantly different at p<0.05. Significance level: *=p<0.05, NS = not significant (p>0.05)



Table 7: Comparison Based on Cytokine Levels Among HIV Subjects Based on Gender
	
	IFN-γ
	IL-10
	IFN-γ/IL-10

	Riv East Female
	116.36 + 16.25
	0.49 + 0.19a
	285.98 + 169.87

	Riv East Male
	121.00 + 6.36
	0.59 + 0.30a
	259.75 + 160.63

	Riv S/East Female
	10.27 + 4.43
	0.44 + 0.16a
	273.57 + 77.60

	Riv S/East Male
	118.83 + 11.07 
	0.58 + 0.10a
	209.82 + 30.60

	Riv West Female
	113.69 + 4.07
	0.58 + 0.17a
	214.12 + 66.53

	Riv West Male
	114.38 + 8.30
	0.79 + 0.15b
	149.36 + 26.31

	P-value
	0.211
	0.002
	0.066

	F-value
	1.481
	4.393
	2.213

	Remark
	NS
	S
	NS


Abbreviations: IFN-γ: Interferon-gamma, IL-10: Interleukin-10. Mean ± SD within a given parameter with different superscripts are significantly different at p<0.05. Significance level: *=p<0.05, NS = not significant (p>0.05)

Table 8: Comparison Based on Cytokine Levels Among HIV Subjects Based on Age Group
	
	IFN-γ (pg/mL)
	IL-10 (pg/mL)
	IFN-γ/IL-10

	RE 20-39
	117.22 + 20.31
	0.53 + 0.19a
	245.62 + 92.76a

	RE 40-59
	118.18 + 6.46
	0.52 + 0.26a
	304.70 + 205.16b

	RSE 20-39
	109.42 + 3.90
	0.42 + 0.16a
	288.40 + 79.99c

	RSE 40-59
	117.11 + 9.56
	0.56 + 0.10a
	213.85 + 33.36d

	RW 20-39
	114.70 + 3.12
	0.57 + 0.18a
	220.76 + 73.29d

	RW 40-59
	113.27 + 7.64
	0.73 + 0.16b
	160.98 + 34.16e

	P-value
	0.289
	0.008
	0.030

	F-value
	1.271
	3.486
	2.683

	Remark
	NS
	S
	S


Abbreviations:  IFN-γ: Interferon-gamma, IL-10: Interleukin-10. Mean ± SD within a given parameter with different superscripts are significantly different at p<0.05. Significance level: *=p<0.05, NS = not significant (p>0.05)

Discussion
The sociodemographic data showed a balanced recruitment strategy across the three senatorial districts including Rivers East, South-East and Rivers West. A total of 63 HIV-positive subjects and 63 healthy controls were recruited. There was a higher prevalence of females (63.5%) compared to males (36.5%) in the HIV-positive group. This indicated regional epidemiological trends where women often showed higher healthcare-seeking behaviour or biological vulnerability. This study focused on the 20–45 age range to ensure the findings represented the most economically and physically active segment of the population. Most participants were either self-employed or civil servants with secondary or tertiary education, suggesting a relatively high level of health literacy within the cohort.

The research findings from Rivers State revealed a state of chronic immune dysregulation in HIV-positive patients on ART, characterized by a cytokine inversion where both pro-inflammatory (IFN-γ) and anti-inflammatory (IL-10) markers fail to reach the homeostatic levels of healthy controls. This study observed a significant depletion of IFN-γ in HIV subjects compared to controls. This profound Th1 suppression indicated a persistent protection gap despite long-term ART. Findings from this study align with Li et al. (2023), who reported that even with viral suppression, the IFN-γ/IL-10 ratio typically remained lower in HIV-infected individuals than in healthy populations which could be due to a permanent shift away from protective Th1 responses. Conversely, some clinical trials, such as those described by Thompson et al. (2022), have shown that successful ART can lead to significant improvements in the IFN-γ/IL-10 ratio, suggesting a degree of immune reconstitution that was not fully observed in the Rivers State cohort. This discrepancy may be due to differences in treatment duration.
This study found significantly lower IL-10 levels among HIV subjects compared to controls. This may suggest that while ART reduces the extreme inflammation of acute infection, it leaves the immune system in a state of suppressed peace rather than balanced regulation. Streeck et al. (2022) noted that chronic immune activation driven by overactive cytokines persists in ART patients. Findings from this study support this by showing that even managed patients do not recover the robust cytokine signaling patterns seen in the healthy local population.

Findings from this study revealed that Interferon-gamma (IFN-γ) levels did not vary significantly across the three senatorial districts and remained relatively consistent (p = 0.179) which could be because the suppressive effect of HIV on pro-inflammatory Th1 responses is uniform across the state, regardless of geographical location. This finding aligns with the observation by Obeagu & Chukwu (2024) that ART tends to produce a standardized, albeit incomplete, suppression of certain inflammatory markers across different clinical settings.

Interleukin-10 (IL-10) levels showed a statistically significant difference across the zones (p = 0.010). Rivers West had significantly higher IL-10 levels compared to both Rivers East and Rivers South-East. This regional elevation in Rivers West could suggest a more pronounced anti-inflammatory or suppressive environment in that district. According to Wang et al. (2022), elevated IL-10 in chronic HIV can impair the protective Th1 response, potentially indicating that subjects in Rivers West may face a different trajectory of immune exhaustion compared to those in the East or South-East.

The regional disparity where Rivers West differed significantly from Rivers East in IL-10 levels (p=0.010) suggests that local co-endemic conditions might influence immune recovery. This is consistent with Obeagu & Chukwu (2024), who argued that HIV management in the Niger Delta is uniquely complicated by local factors leading to persistent immune exhaustion.

The IFN-γ/IL-10 ratio exhibited the most distinct regional variations (p = 0.028) that each zone is significantly different from the others in terms of its cytokine equilibrium whereby Rivers East maintained the highest ratio followed by Rivers South-East and then Rivers West which had the lowest ratio. The significant decline in the ratio toward the West showed a shift from a Th1-dominant response to a more Th2-skewed environment. This finding is consistent with Li et al. (2023), who noted that a declining IFN-γ/IL-10 ratio is a key marker of advancing immune dysfunction and poor treatment effectiveness. The variation could be caused by localized factor such as variations in healthcare delivery across senatorial districts modulate the success of immune reconstitution.

This study also revealed that males in Rivers West had significantly higher IL-10 levels compared to other groups based on gender comparison. This echoes findings by Wang et al. (2022), who linked elevated IL-10 levels in chronic disease to suppressed antiviral immune responses, suggesting that certain demographics (like males in the Rivers West region) may be at higher risk for immunosuppression-related complications.


Age-Related Immunological Nuances was observed in this study. Older subjects (40–59 years) in Rivers West had significantly higher IL-10 levels and distinct ratio patterns. This is supported by Martinez-Rodriguez et al. (2023), who demonstrated that longitudinal changes in cytokine ratios are critical markers for assessing treatment effectiveness in aging HIV populations. The increased IL-10 in older cohorts may suggest a greater reliance on suppressive mechanisms to counter chronic inflammation as the immune system ages.

Conclusion
The research findings from Rivers State reveal a state of chronic immune dysregulation in HIV-positive patients on ART, characterized by a cytokine inversion where both pro-inflammatory and anti-inflammatory markers fail to reach homeostatic levels. While ART effectively suppresses viral replication, it appears to maintain a suppressed peace rather than a robust, balanced immune regulation. The significant depletion of IFN-γ suggests a persistent Th1 suppression and a protection gap that limits the body’s ability to respond to new infections. Furthermore, the regional disparities particularly the lower IFN-γ/IL-10 ratios in Rivers West suggest that local environmental factor such as geographical location may complicate immune recovery in certain districts. Ultimately, the IFN-γ/IL-10 ratio could serve as a critical marker demonstrating that successful viral suppression does not inherently equal complete immunological recovery.

Reccomendation
1. Clinical management should incorporate cytokine profiling, specifically the IFN-γ/IL-10 ratio, to monitor true immune reconstitution.
2. Clinical focus should be increased for older patients and specific demographics showing higher risks of immunosuppression.

Contribution to Knowledge
1. This study contributes to the field of immunology by establishing that viral suppression via ART in the Rivers State population does not equate to the restoration of immunological homeostasis, identifying a specific cytokine inversion. 
2. It provides localized evidence that the IFN-γ/IL-10 ratio serves as a more sensitive prognostic marker for treatment effectiveness than standard metrics. 
3. Furthermore, this research revealed significant regional disparities within the Senatorial districts in Rivers State suggesting that geographical and demographic factors influence the trajectory of immune exhaustion in HIV-managed patients.
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