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ABSTRACT 

Despite significant decline in HIV-1 infection rates from up-scaling of Anti-Retroviral 

Therapy (ART) accessibility, Kenya is among leading African countries in prevalence. 

Siaya County has the second-highest prevalence of HIV/AIDS in Kenya. During immune 

responses to infections, crucial cytokines such as Interferon-gamma (IFN-γ) and 

interleukin 10 (IL-10) are expressed by CD4+ T-cells. However, their production is 

dysregulated during HIV infection of these cells. Antiretroviral treatment (ART) aims to 

reduce viral load and restore balance within the immune system through normalizing IFN-

γ levels alongside IL-10 levels while enabling stable CD4+ cell counts. Non-adherence 

inhibits this process impairing viral suppression that undermines restoration or 

maintenance of immunity equilibrium. Despite its importance, few studies have analyzed 

how ART non-adherence affects circulating cytokine levels like IFN-γ and IL-10. 

Therefore, we conducted a cross-sectional study involving 163 individuals who visited 

Siaya County Referral Hospital inclusive of ART-naive patients with or without HIV-

infection living inside Western Province between October–December 2017. Our research 

aimed to determine whether there was any effect exerted on clinical therapy outcomes 

together with measuring changes made among participants' blood samples outlining 

differing adherence groups: those adherent wholly – ‘HIV1+, ART-adherent’ vs 

inadequately treated people - "HIV1 + , Art-nonadherent." HIV-1 status was determined 

by automated Abbott m2000 System, Viral load was measured using the COBAS® 

AmpliPrep/COBAS® TaqMan®, while CD4 count and cytokines measurement were done 

using BD PRESTO and Sandwiched ELISA respectively. The serum IFN-ɤ and IL-10 

levels for HIV-1 -ve, HIV-1 [+] ART-naive, HIV-1 [+] ART-adherent, HIV-1 [+] ART-

Non-adherent were: (5.73 vs. 5.89; 0.74 vs. 32.26; 2.55 vs. 14.9 and 0.98 vs. 26.73) 

pg/MmL. The CD4 T cell count was significantly lower in the HIV [+] ART-Naïve group 

(median, 395.9 IQR 349 copies per microliter of blood) as compared to HIV-1 negative 

(median 1407.4 IQR 1303 copies per microliter of blood), HIV [+] ART-Adherents, 

median, 575.4 IQR 374 copies per microliter of blood) and HIV [+] ART-Non-Adherents, 

median, 423.6, IQR, 252 copies per microliter of blood); P <0.001. Conversely, the viral 

load was higher in HIV [+] ART-Non-Adherents, median, 4.6, IQR 1.1 copies per 

microliter of blood), than HIV [+] ART-Adherents, median, 3.4, IQR 1.9 copies per 

microliter of blood) and HIV [+] ART-Naïve, median, 4.5, IQR, 1.6 copies per microliter 

of blood); P <0.001. Interleukin 10 (IL-10) levels correlated positively with viral load (ρ= 

0.272; P=0.004) and inversely with CD4 T cell count (ρ= -0.627; P<0.0001) as well as 

BMI (ρ= -0.376; P<0.0001). Nevertheless, there was a negative correlation observed 

between IFN-γ and both viral load (ρ= -0.326; P<0.0001) and BMI (ρ= -0.342; P<0.0001). 

Conversely, a positive correlation was found between IFN-γ and CD4 T cell count (ρ= 

0.619; P<0.0001). The current study has uncovered that the deficiency in compliance with 

highly active antiretroviral therapy (HAART) among HIV-1 infected patients is having a 

substantial impact on the quantities of pro-inflammatory and anti-inflammatory cytokines 

present within their blood. This discrepancy in cytokine balance could potentially disturb 

the sensitive equilibrium between these two conflicting factors. It is suggested that 

monitoring serum levels of IFN-γ and IL-10 may be an effective technique for tracking 

advancements made regarding HIV-1 infection management. 
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CHAPTER ONE  

INTRODUCTION 

1.1. Background to the study 

Due to HIV's ability to weaken the immune system, individuals are at risk of developing 

life-threatening opportunistic infections (Bhatti et al., 2016). As a result of its high 

prevalence worldwide, particularly in Sub-Saharan Africa where countries like Kenya and 

Siaya County reside, effective antiretroviral therapy (ART) is critical for controlling 

transmission and reducing viral replication. This is necessary not only for preventing 

further spread but also minimizing the impact on victims' immune systems. Considering 

that two-thirds of people living with HIV/AIDS globally live in sub-Saharan Africa while 

this region accounts for over 70% of total global burden associated with infection rates; 

efforts towards implementing ART programs need greater prioritization across these 

regions than ever before or else consequences could be detrimental. Currently, around 

twenty million adults aged between fifteen and forty-nine have been diagnosed with HIV 

within sub-Saharan African alone per Dwyer-Lindgren et al.'s research from 2019 data 

analysis findings now widely supported by numerous other researchers globally throughout 

recent years too 

According to the Kenya AIDS indicator survey (KAIS, 2017), sub-Saharan Africa ranks 

Kenya as having the third-highest number of HIV-positive individuals. The National AIDS 

Control Program's data for 2017 estimates an adult prevalence rate of 4.9%, where females 

showed a higher prevalence rate at 5.2% compared to males with only 4.5%. 

Geographically speaking, HIV epidemic in Kenya is dispersed across various locations 
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with wide-ranging rates - from highest in Siaya County at around21 .3 % and lowest 

estimated approximately being0 .1 %in Wajir county location-wise 

 

According to NASCOP (2018), the virus that impacts all demographic groups is mainly 

transmitted through sexual contact. The effective control of infection transmission 

measures in the population may be compromised by the high prevalence of non-adherence 

of infected individuals to prescribed ART regimens, which may be the cause of the high 

HIV prevalence in Siaya County (Essien-Baidoo et al., 2019; Iacob et al., 2017). The 

cumulative rate of non-adherence to the HIV-1 antiretroviral therapy regimen in Africa is 

23%, while the national rate in Kenya is 13% (CHS, 2017b). Siaya County’s rate is 22%, 

which is significantly higher than the national rate (CHS, 2017b). 

Numerous studies have demonstrated the effectiveness of antiretroviral therapy (ART) in 

reducing the incidence of HIV-associated illnesses and mortality rates. Therefore, it is 

recommended to routinely monitor patients who test positive for HIV to assess their 

infection progression and response to ART, as stated by several studies including Ahmed 

et al., 2018; Shoko & Chikobvu, 2019; Tsibris & Hirsch, 2010. This monitoring involves 

evaluating plasma viral load (VL) levels and assessing CD4-positive T-lymphocyte cell 

counts. Failure to adhere strictly with prescribed ART regimens has important implications 

not only on individual healthcare but also on communities at large that are affected by those 

living with or having AIDS/HIV-related sicknesses 

The possibility of HIV developing resistance to currently available antiretroviral 

medications (ARVs) is a potential outcome that could necessitate more complex and 

expensive second or third-line ART regimens. In severe cases, it may even result in death 
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(Chalker et al., 2008). Individuals who are infected with HIV have been observed to 

experience chronic immunological activation, altered cytokine levels, and constant 

declines in their CD4 T-cell count (Shebl et al., 2012). It should be noted that the efficacy 

of these drugs in lessening the impact on the immune system can be jeopardized if ARV 

treatment discontinues - which must not go overlooked as critically important information. 

 

The nutritional status of adults with HIV/AIDS is a crucial diagnostic and prognostic 

indicator. Low-income countries' current guidelines recommend monitoring BMI regularly 

to assess patients' response to ART treatment. Malnutrition in adults can result from several 

factors such as increased metabolic requirements, malabsorption of essential nutrients, 

infections, diarrhea, nausea/vomiting and reduced appetite due the effects of the virus on 

their bodies (Bantie et al., 2024). Compared to healthy individuals who require less energy 

consumption; asymptomatic adult HIV/AIDS-positive patients need at least an extra 10%, 

symptomatic ones necessitate between 20-30% more while those recuperating may require 

up-to-the-minute multiplied intake by about 30%. Sub-Saharan African nations report 

undernourishment rates for nearly one-fourth (23.7%) residing with the disease condition 

there (Seid et al.,2023). 

Pro-inflammatory and anti-inflammatory cytokines are the two primary categories into 

which cytokines can be broadly classified (Zhao et al., 2021). CD4+T-lymphocytes (Th 

cells) and monocytes/macrophages (mØs) are the primary cellular sources of cytokines 

(Breen, 2002). The immune response against foreign entities, such as HIV infection, is 

stimulated and inflammatory reactions are enhanced by the production of pro-

inflammatory cytokines (Maharaj et al., 2017). Tumour necrosis factor-alpha (TNF-α), 
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interferon-gamma (IFN-γ), interleukin-1 (IL-1), interleukin-2 (IL-2), interleukin-8 (IL-8), 

interleukin-12 (IL-12), interleukin-15 (IL-15), interleukin-18 (IL-18), and interleukin-17 

(IL-17) are the primary pro-inflammatory cytokines (Enayati et al., 2015).  

In contrast, the anti-inflammatory cytokines are a group of immunoregulatory molecules 

that counteract the effects of pro-inflammatory cytokines, thereby limiting the current level 

of inflammation (Al-Qahtani et al., 2024). Enayati et al. (2015) have identified IL-6, IL-

10, IL-13, and TGF-β as the primary anti-inflammatory cytokines. 

Prior research has suggested that individuals infected with HIV have compromised immune 

systems, as evidenced by the impaired proliferation of CD4+ T-cells. (Noble et al., 2001) 

observed that this phenomenon is caused by reduced levels of IL12. The subsequent 

decrease in IL-2 and IFN-γ as a consequence of the reduction in IL-12 leads to 

immunosuppression.  

The development of opportunistic infections is a defining characteristic of HIV progression 

towards AIDS, facilitated by the immunosuppressive state it creates. Both innate and 

adaptive immunity are largely regulated by proinflammatory cytokines like IFN-γ and IL-

12, which have been shown to impact anti-HIV treatment efficacy in vitro studies when 

their activity is altered. Evidence suggests that HIV infection leads to a shift from 

predominantly Th1 immune responses (featuring production of IFN-γ and IL-2) to Th2 

responses (marked by increased secretion of IL-4 &IL-10), with increased production of 

proinflammatory cytokines such as TNFα, typically observed alongside illness 

(Nittayananta et al.,2014). 
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Interferon-gamma (IFN-γ) plays multiple roles in the development of Human 

Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS). IFN-γ 

production can be detected from the early stage to the end phase of HIV-1 infection in 

patients. It was initially created to eradicate the initial infection; however, it, along with 

other inflammatory cytokines, contributes to the development of persistent immune 

activation, which exacerbates the clinical symptoms of AIDS. In vivo investigations of 

IFN-γ therapy in patients infected with the virus have demonstrated that the cytokine does 

not possess any direct antiretroviral effects against HIV-1 in primary cultures, as per a 

study conducted by Roff et al. (2014). Studies conducted both in vitro and in vivo have 

demonstrated the ability of IFN-γ to increase HIV-1 proliferation, thereby increasing the 

risk for related diseases. However, it has also been found that IFN-γ can boost the 

functionality of natural killer cells and cytotoxic T-lymphocytes when confronted with 

HIV-infected cells. These activities are crucial for halting viral replication within an 

individual (Januškevica et al., 2016). 

It has been shown that IL-10 plays a critical role in the preservation of immune function 

equilibrium during a variety of disorders. For example, research conducted on animal 

models has shown that the deletion of the IL-10 gene can enhance the body's capacity to 

combat pathogens and significantly accelerate the elimination of viral infections. 

Nevertheless, in certain infections, these interventions result in a more severe manifestation 

of the disease. This is due to the immune system's inability to effectively regulate immune-

mediated harm and limit the pathogen burden (Kwon et al., 2019). IL-10's function is 

achieved through its interaction with a variety of cell types, which results in a substantial 

reduction in the synthesis of nearly all pro-inflammatory cytokines and chemokines.  
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Furthermore, the expression of genes that encode natural antagonists for these molecules 

is concurrently stimulated by IL-10. Furthermore, IL-10 has been shown to regulate the 

expression of certain co-stimulatory molecules, such as CD80 and CD86, as well as MHC 

class II, thereby significantly influencing the ability of antigen-presenting cells (APC) to 

activate T cells (Levings et al., 2002).  

Critical immune system cells, such as CD4+ T-cells, blood monocytes, dendritic cells and 

tissue macrophages can be infiltrated by HIV-1. Even without the presence of CD4s, virus-

monocyte interaction may stimulate IL-10 production at mRNA and protein levels in 

CD14+ monocytes. The current discovery suggests that HIV induces the synthesis of the 

immunosuppressive interleukin-10 (IL-10) in monocytes, irrespective of the presence of 

CD4 molecules. As per Ji et al. (2005), it is feasible that the interference with HIV entrance 

through CD4 molecules may not effectively mitigate the impact of IL-10 in the context of 

HIV infection. Therefore, the analysis of IL-10 and INF-γ can offer valuable information 

regarding the disease's progression, the extent of the immune response, and the level of 

immunological activation (Williams et al., 2013). Assessing cytokine levels alongside viral 

load and CD4+ T-cell counts is an effective tool for evaluating HIV-infected individuals' 

adherence to prescribed ART regimens.  

1.2.Problem statement 

Since the initial identification of HIV in 1981, the virus has emerged as a significant global 

health crisis, infecting approximately 77 million individuals worldwide. Currently, around 

36.9 million people live with HIV, and the epidemic has resulted in tens of millions of 

deaths due to AIDS-related complications. HIV/AIDS continues to be a significant health 

concern in Kenya, causing approximately 29% of adult deaths, 20% of maternal fatalities 
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and resulting in the demise of around 15% children under five years old. Siaya County has 

the most substantial burden relating to HIV with an occurrence rate at an alarming high 

level-21.3%, which is noticeably greater than Kenya's national average figure standing at 

almost one-fifth (4.9 %). 

A major challenge in managing HIV in Siaya County is the high rate of non-adherence to 

antiretroviral therapy (ART). The county's non-adherence rate is 22%, compared to the 

national average of 13% and the African average of 23% (CHS, 2017). This high rate of 

non-adherence undermines efforts to control the spread of HIV. Factors contributing to 

non-adherence include late detection, stigma, discrimination, difficulty accessing 

healthcare facilities, adverse effects of medications, comorbidities, psychosocial factors, 

economic constraints, and the availability of ART facilities(Basti et al., 2017). 

Adherence to ART is crucial for its effectiveness. Studies in sub-Saharan Africa show that 

about 25% of patients discontinue ART within one year, and this rises to 40% after two 

years. Optimal adherence is defined as taking at least 95% of prescribed doses, while 

suboptimal adherence is taking 85-94%. Factors influencing adherence include stigma, 

poor service delivery, medication burden, and drug misuse. Strict adherence to ART is 

necessary to achieve optimal therapeutic outcomes (MoH, 2018), as non-adherence can 

lead to viral rebound, acute retroviral syndrome, increased risk of HIV transmission, 

decreased CD4 counts, accelerated disease progression, and the development of drug 

resistance. 

Monitoring adherence is essential, but current methods largely rely on self-reporting, which 

can be unreliable. Plasma viral load and CD4 count are used to monitor HIV progression. 
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Viral load measurement is a more direct indicator of ART effectiveness than CD4 count, 

which can sometimes be misleading. However, many healthcare facilities in Kenya face 

significant challenges in performing these tests due to financial constraints, technical 

limitations, and the labor-intensive nature of the processes. Viral load testing is currently 

available at only a few facilities, such as Kenya Medical Research Institute (KEMRI) - 

Kisian in Kisumu County and KEMRI-Alupe in Busia County. 

To improve monitoring, it is crucial to develop additional biomarkers that are cost-effective 

and easy to assay. Cytokines, which play a significant role in regulating HIV replication 

and the immune response, could be potential biomarkers. Assessing levels of cytokines like 

interleukin-10 and IFN-γ can provide valuable information about the immune response and 

viral replication rate. These biomarkers could offer a more accessible and cost-effective 

method for monitoring ART adherence and HIV progression. 

The relationship between cytokine levels and ART adherence is significant. For instance, 

changes in interleukin-10 and IFN-γ levels can reflect the patient's adherence to ART and 

the progression of HIV. These biomarkers are cost-effective and simple to test, making 

them practical for widespread use in resource-limited settings. Evaluating the efficacy of 

cytokines as biomarkers could enhance the objectivity and reliability of adherence 

monitoring. 

In summary, HIV/AIDS continues to be a major global health issue, with significant 

impacts in Kenya, particularly in Siaya County. High rates of non-adherence to ART pose 

challenges to controlling the epidemic. Effective monitoring of adherence and HIV 

progression is crucial for managing the disease. Developing cost-effective biomarkers like 
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cytokines could improve the reliability of adherence monitoring and help in better 

managing HIV/AIDS in resource-limited settings. 

1.3. Objective of the study 

1.3.1. Broad objective 

The objective of this study is to assess how non-compliance with ART regimens impacts 

the levels of INF-γ and IL-10, as well as clinical progression biomarkers for HIV disease 

in individuals who are not adhering to their treatment. The research will focus on patients 

living with HIV who attend Siaya County Referral Hospital. 

1.3.2. Specific objectives  

i. To assess the plasma concentrations of INF-γ and IL-10 in HIV-1 patients who are ART-

naive, ART-non-adherent or ART-adherent during their attendance at Siaya County 

Referral Hospital. 

ii. To investigate The CD4+ T-cell count, BMI and HIV-1 viral load of ART-naive, non-

adherent and adherent patients with HIV-1 attending Siaya County Referral Hospital will 

be evaluated to determine their health status. 

iii. To establish a correlation between the levels of INF-γ and IL-10 in serum with BMI, 

CD4+ T-cell count, and HIV-1 viral load among HIV-positive patients who are ART-naive 

or undergoing non-adherent and adherent ART regimens while receiving medical attention 

at Siaya County Referral Hospital. 
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1.4. Research questions  

i. What are the levels of INF-γ and IL-10 in the plasma of HIV-1 patients who have 

not adhered to ART treatment at Siaya County Referral Hospital? 

ii. What is the difference in CD4+ T-cell counts and viral load (VL) levels between 

HIV patients who adhere to their ART regimen versus those who do not, at Siaya 

County Referral Hospital? 

HYPOTHESES 

i. Ho: The association of plasma levels of INF-γ and IL-10 with BMI, CD4+ T-cell 

counts, and viral load does not correspond to ART-naive or non-adherent HIV patients 

attending Siaya County Referral Hospital.  

1.5. Justification for the study 

Kenya ranks fourth worldwide in terms of high HIV prevalence. The region of Siaya has a 

consistently high prevalence rate of HIV, with a quarter of the population being afflicted 

by the virus. The introduction of antiretroviral therapy (ART) causes a gradual reduction 

in the amount of HIV RNA, which in turn improves the body's immune response and 

lowers the occurrence of illness and mortality related to HIV/AIDS (Mayer & Venkatesh, 

2010). In addition, this phenomenon leads to a reduction in immunological activity 

associated with HIV, as evidenced by the presence of proinflammatory cytokines and T-

cell activation, ultimately causing harm to several organs (Klatt et al., 2013). Nevertheless, 

our comprehension of cytokine presentation in persons who initiated antiretroviral therapy 

(ART) but later stopped treatment is still restricted. At present, the assessment of HIV 
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clinical disease progression heavily relies on two indicators - viral load and CD4 count. 

While CD4 cell count is a more cost-effective marker than viral load, it does not 

consistently correspond with either viral load or disease advancement. Therefore, there is 

a need for alternative indicators that are both dependable and cost-effective to assess the 

effectiveness of treatment, the advancement of the disease, and the extent to which patients 

adhere to prescribed antiretroviral medication plans. Although there have been many 

studies that have thoroughly investigated the connections between IFN-γ and IL-10 in 

regard to HIV infection in both HIV-1 ART-naive and -experienced patients, a complete 

knowledge of these interactions has not yet been attained This study sought to investigate 

how non-adherence to antiretroviral therapy (ART) relates to the levels of interferon-

gamma and interleukin-10 in the bloodstream. Specifically, it aimed at gauging whether 

these biomarkers can effectively differentiate between those who adhere strictly versus 

those who don't stick with their prescribed ART regimen. 

1.6. Significance of the Study 

The results from this research offer noteworthy data that could assist in identifying further 

cost-effective markers for predicting the prognosis of HIV illness, in addition to developing 

a marker for detecting non-adherence to antiretroviral therapy (ART). 

This investigation has yielded data that help enhance comprehension of the dynamics and 

interplay between IFN-γ and IL-10 throughout the progression of HIV infection and its 

therapy. Study's scope. 

The study aimed to track individuals who had stopped their HIV-1 antiretroviral therapy 

(ART) treatment and those who had continued, both of whom were HIV-positive. The 
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investigation aimed to evaluate the INF-γ and IL-10 cytokine levels of individuals who 

agreed to be part of this study. Additionally, CD4 count and HIV viral load were analyzed 

as markers for monitoring the progression of HIV AIDS in participants aged 18 or older 

attending Siaya County Referral Hospital. The group included both defaulters and non-

defaulters receiving HIV-1 ART regimen treatment. 

This study is expected to make a significant contribution towards the attainment of 

sustainable development objective number 3, which focusses on promoting good health. 

The utilisation of cytokine levels as objective indicators for monitoring ART adherence 

leads to improved accuracy in adherence monitoring, hence boosting the effectiveness of 

HIV ART. By doing this, the quality of life for persons living with HIV will significantly 

enhance, leading to increased productivity. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. Origin and Structure Human Immunodeficiency Virus Human 

The high rates of Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome 

(HIV/AIDS) worldwide are a major issue, as evidenced by the tremendous number of 

people impacted. Over 70 million individuals have been affected by HIV up to this point, 

leading to 35 million fatalities. Presently, approximately 36.7 million individuals are living 

with the disease, and alarmingly, there are approximately 14,000 new infections reported 

daily (Fajardo-Ortiz et al., 2017). According to estimates, the African continent is home to 

over 70% of those living with HIV, while Asia accounts for approximately 20% of the 

affected population. The classification of the HIV places it in the Lentivirus genus, which 

belongs to the Retroviridae family and the Ortho-retrovirinae subfamily (Lopez et al., 

2010). HIV is categorized into two subtypes, HIV-1 and HIV-2. These types share genetic 

characteristics but have unique viral antigen variants. Simian immunodeficiency virus 

(SIV) belongs to the Lentivirus genus as well and causes an immune deficiency in non-

human primates. Research on epidemiology and phylogeny indicates that between 1920 to 

1940, humans were first exposed to HIV based on the available evidence so far retrieved 

from investigations conducted thus far. HIV-1 is believed to have originated from 

immunodeficiency viruses found in non-human primates, specifically Central African 

chimpanzees (SIVcpz), while HIV-2 is thought to have evolved from similar viruses found 

in West African sooty mangabeys (Ling et al., 2003). 
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The HIV-1 virion exhibits a spherical morphology, characterized by a diameter of around 

100 nm, which is equivalent to one-tenth of a micron. In accordance with Figure 2.1. The 

virion is enclosed by an external layer known as the viral envelope, which serves to 

safeguard the internal constituents of the virus. Additionally, the viral envelope contains 

specific proteins that facilitate the virus in identifying and binding to novel host cells. The 

virion contains viral structural proteins which undergo assembly to form a shell, commonly 

referred to as a capsid. This capsid serves the purpose of enclosing and arranging the viral 

DNA. The genome of HIV-1 is comprised of two single-stranded RNA molecules, which 

are positive-sense in nature. Each of these RNA strands contains a comprehensive 

collection of viral genes. The primary role of the virion is to facilitate the transfer of viral 

RNA from an infected cell, known as the "producer cell," to a recipient host cell. In the 

case of HIV-1, the virion can assume two unique morphological states, as described by 

Pornillos and Ganser-Pornillos in 2008 (Ganser-Pornillos et al., 2008). The process of 

virion formation involves the budding of an immature form from a producer cell. This 

immature form consists of a spherical capsid that is primarily formed of a precursor 

structural protein known as Gag (alternatively referred to as p55 or Pr55). The molecular 

weight of Gag is around 55 kDa. A morphological change from the immature to the mature 

virion is required for the acquisition of infectivity. Initiation of the phenomena known as 

"HIV-1 Maturation" occurs when the viral protease processes or cleaves the precursor Gag 

protein at a specific location ((Briggs & Kräusslich, 2011). 
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Figure 2: HIV structure 

Duane (2009) stated that the structure of HIV includes an enveloped virus with two conspicuous 

envelope glycoproteins, namely gp120 and gp41. Furthermore, it is made up of two segments of 

genomic RNA along with numerous enzymes and other crucial viral proteins. 

2.2 Pathogenesis of HIV 

HIV-1 is transferred by sexual contact across mucosal surfaces, as well as through 

maternal-infant exposure and percutaneous inoculation. The preferred transmission of 

CCR5-tropic viruses (referred to as R5 viruses) through all pathways remains incompletely 

understood. The process of transmission is thereafter accompanied by a systematic 

manifestation of viral and host indicators of infection within the blood plasma (Shaw & 

Hunter, 2012). The systematic evaluation of the sequential manifestation of laboratory 

markers in new HIV-1 infection was conducted by Fiebig et al. (2003), who developed a 
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laboratory staging system for acute and early infection (Fiebig et al., 2003). The phase 

immediately following cellular infection and preceding the initial detection of the virus in 

the bloodstream is referred to as the eclipse phase. The anticipated duration of this interval 

ranges from 7 to 21 days, as determined by clinical histories of occurrences involving high-

risk exposure (Grazinoli Garrido et al., 2020). Activation of natural killer (NK) cells and 

production of type I interferon (IFN-/) by plasmacytoid dendritic cells (pDC) are two of 

the most important aspects of innate antiviral responses (Barber, 2001). Significant 

implications for pathogenesis and the design of an efficient vaccine-induced response may 

result from HIV-1 infection's effect on both processes. The generation of 

immunostimulatory substances that aid in the formation of antigen-specific adaptive 

immune responses is facilitated in part by natural killer (NK) cells, which also play a 

critical role in the elimination of infected cells (Vivier et al., 2008). There is a fine balance 

between positive and negative signals provided by ligand-receptor systems that controls 

NK cell activity. Inhibitory natural killer cell receptors (iNKR) have been shown by Sivori 

et al. (2019) to prevent NK cell-mediated cytolysis by recognizing major 

histocompatibility complex (MHC) class I molecules on target cells (Sivori et al., 2019). 

CD4+ T cells' ability to specialize into various T helper (Th) cell subsets is pivotal in 

regulating immunological responses. These subsets of Th cells are essential for immune 

system function because they recruit and activate other immune cells such B cells, CD8+ 

T cells, macrophages, and effector cells. CD4+ T lymphocyte functions are mostly 

determined by the cytokines they produce and where in the body they are located. In a 

study published in 1986, Mosmann et al. divided T cell clones into two groups, Th1 and 

Th2 (Mosmann et al., 1986). IFN, IL-4, and IL-13 are cytokines referred to as "signature 
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cytokines" which have been observed to be produced by the aforementioned cell subtypes. 

Th1 cells significantly enhance the cytotoxic effector functions of NK cells, CD8+ T cells, 

and macrophages. This is crucial in eliminating intracellular pathogens such as viruses 

residing within host's cellular structures or bacterium that inhabits a similar environment 

along with protozoan parasites. While these types of T-cells can often be found in 

peripheral blood samples collected from individuals they tend to occur more frequently 

throughout lymph nodes (LNs), gastrointestinal tracts (GI) this includes other related 

tissues typically targeted for detection purposes via various medical diagnostic methods. 

Memory cells expressing the CCR5 receptor make up a sizable population of CD4+ T 

lymphocytes in the GI tract, as reported by Poles et al. (2001)(Poles et al., 2001). It is 

thought that viruses can easily infect these cells. There is no question that these cells are 

very receptive to HIV infections in culture. 

Direct cytopathic effects (CPE) of the virus are principally responsible for the distinctive 

decrease in CD4+ T cells that is seen in HIV infection. The main factors to this phenomena 

have been identified as syncytia formation (viral-induced cell fusion) and premature cell 

death (Costin, 2007). Measurements of the dynamics of cell growth and lysis indicate that 

the cytopathic effect is linked mostly to viral generation by infected cells; this includes the 

development of gigantic syncytial cells. Leonard et al. (1988) report that HIV infection is 

transient in the vast majority of T4 cells (Leonard et al., 1988). However, only a minority 

(10-30%) of these infected cells express the virus and die after being activated by 

phytohemagglutinin. This points to the importance of immune activation and cell 

differentiation in both viral generation and eventual cell death. 
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2.3. The burden of HIV-1 ART Regimen Non-Adherence  

ART adherence refers to the extent to which patients follow a specified treatment plan, 

including the regular and timely consumption of medications and adherence to dietary and 

medication restrictions ( Stricker et al., 2014; Addo et al., 2022;). The effectiveness of ART 

hinges on consistent and sustainable adherence to prescribed regimens (Mills et al., 2006). 

However, a significant minority of HIV-infected individuals fail to achieve optimal 

adherence, leading to severe public health consequences. 

A study in the UK found a non-adherence rate of 58% among HIV patients, especially high 

in those co-infected with TB (Mukui et al., 2016). In the US, 21% of AIDS patients missed 

a dose within 24 hours, and 34% skipped a dose within three days, due to factors like 

dietary restrictions, social stigma, and lifestyle adjustments (Aye et al., 2017). In Cuba, a 

study of 847 HIV patients showed a non-adherence rate of 29.4%  (Aragonés-López et al., 

2012). 

A meta-analysis by (Mills et al., 2006) reported a global non-adherence rate of 36%, with 

North America at 45% and Africa at 23%. Despite higher non-adherence in developed 

nations, adherence rates are slightly better in developing countries. In Africa, a study by 

(Chime, 2019) found a 23% non-adherence rate. Optimal adherence remains challenging 

due to the complexity of ART regimens, side effects, stigma, psycho-social factors, clinical 

environments, and cultural influences (Freeman et al., 2021). 

In Sub-Saharan Africa, adherence rates vary: 63% in South Africa (Schatz, 2019), 68% in 

Uganda (Nabukeera-Barungi et al., 2015), 54% in Nigeria (Anyaike et al., 2019), 24% in 

Southwest Ethiopia (Tesfaye et al., 2019), and 13% in Cameroon (Fonsah et al., 2017). In 
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Cameroon, higher adherence was linked to consistent treatment, counseling services, and 

social and economic support (Fonsah et al., 2017). According to Fonsah et al. (2017), 

achieving virological suppression of HIV necessitates a minimum adherence level of 80%. 

Instances when adherence rates fall below this threshold are indicative of suboptimal 

adherence among patients. 

In Kenya, non-adherence rates are inconsistent. The Kenya AIDS Indicator Survey (KAIS) 

2012 Report found that 58% of HIV-positive individuals aged 15-64 were eligible for ART. 

A 2014 study by (Maina et al., 2014), showed that 63% were receiving ART, with 78% 

achieving viral suppression. Non-adherence rates varied: 36% in Mombasa (Mahmood, 

2020), 48% in Nairobi's Kibra slums (Wekesa, 2019), 44.2% in Eldoret, and 18% in 

Nairobi (Kioko & Pertet, 2017); Mahmood et al., 2020; (Wekesa, 2019). A 2017 CHS 

study in Siaya found a 22% non-adherence rate, with barriers including non-disclosure of 

HIV status, alcohol use, low literacy, medication side effects, social stigma, and distance 

from healthcare facilities (Adeniyi et al., 2018); (Ahmed et al., 2018); (Oluoch et al., 2019). 

Non-compliance with ART is a complex issue that challenges long-term patient 

monitoring. A multidisciplinary approach is recommended to address this issue (Iacob et 

al., 2017). Besides reducing illness and death, achieving viral suppression is a secondary 

goal of HIV treatment. Poor adherence correlates with reduced efficacy in viral 

suppression, posing immediate health risks and increasing the likelihood of developing 

resistance to treatment (Bangsberg, 2006). This could impact treatment costs and the range 

of available therapeutic options. 
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The factors contributing to suboptimal adherence to ART are multifaceted and include the 

complexity of therapeutic regimens, such as the burden of pill consumption and frequency 

of dosing. Treatment-related side effects, inadequate health literacy, subpar patient-

physician rapport, and restricted availability of ART due to formulary limitations or 

financial constraints also play significant roles (Schaecher, 2013). Stigma, both social and 

self-imposed, remains a considerable barrier to adherence, as individuals may fear 

discrimination or judgment from others. This stigma can deter patients from seeking 

treatment or adhering to their medication regimen. 

Furthermore, psycho-social factors such as depression and lack of social support can 

negatively impact adherence. Clinical environments that are not patient-friendly or do not 

provide adequate counseling and support services can also hinder adherence. Cultural 

influences, including traditional beliefs and practices, may conflict with ART regimens and 

affect patients' willingness to adhere. 

To improve ART adherence, interventions must address these barriers comprehensively. 

Strategies may include simplifying ART regimens, enhancing patient education about the 

importance of adherence, and providing robust support systems. Health care providers 

should focus on building strong, trustful relationships with patients and creating an 

environment that reduces stigma and encourages open communication. 

Innovative approaches, such as the use of technology for reminders and support, peer 

support programs, and community-based interventions, have shown promise in improving 

adherence rates. Additionally, addressing socio-economic barriers by ensuring access to 

affordable medications and healthcare services is crucial. 
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In conclusion, while ART adherence is vital for the effectiveness of HIV treatment, 

achieving optimal adherence remains challenging due to various factors. Improving 

adherence rates and enhancing the health outcomes of individuals living with HIV requires 

a comprehensive strategy that encompasses patient education, support systems, reducing 

stigma, and improving healthcare access. 

2.4. Human Immunodeficiency virus infection and cytokines 

Cytokines are a class of signaling proteins that interact with specific receptors to modulate 

the process of cell differentiation, particularly within the immune system. These 

polypeptides exert their effects on signaling molecules and cells, inducing their activation 

and migration towards regions of inflammation, infections, and traumas. They also 

modulate main lymphocyte growth factors and other biological processes. The excessive 

activation or amplification of host defense mechanisms, as shown in certain cases of 

infective and sterile inflammation, can lead to tissue harm due to the actions of these 

cytokines (Holdsworth & Gan, 2015). Throughout the course of chronic HIV infection, 

CD4 and CD8 T cell immunological activation is impacted by both homeostatic 

mechanisms and inflammation resulting from HIV. The aforementioned disparities are 

evident in the manners by which these T cell populations react to the inflammatory and 

homeostatic milieu (Le Saout et al., 2012). 

Based on the findings of structural research, it has been observed that a significant 

proportion of cytokines can be categorized into one of four distinct types. The 

hematopoietin family has a role in the process of hematopoiesis. For instance, IL-2, also 

known as interleukin-2, and the interferon family exhibit a particular role of impeding viral 
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replication within the cellular environment of a host organism. As an example, IFN-γ, the 

chemokine group (including CCL14), and the tumor necrosis factor cluster (with abilities 

to induce cell death and carry out diverse functions). For example, the study conducted by 

Reeves et al. (2018) investigated the role of TNF-α (Reeves et al., 2018). 

HIV infection causes changes in both the cytokine profile inside the body (in vivo) and in 

test tubes (in vitro). Th1 cytokines like IL-2 and IFN-gamma are often suppressed during 

HIV-1 infection. Meanwhile, there is an increase in Th2 cytokines such as IL-4 and IL-10, 

while pro-inflammatory cytokines including TNF-alpha, IL-6,IL8,and Interleukins 1 

decrease significantly. Impaired cell-mediated immunity, brought on by cytokine 

overproduction, contributes to the disease's origin (Kedzierska & Crowe, 2001). Multiple 

cytokines can alter CD4 T lymphocytes and macrophage lineage cells to regulate HIV-1 

infection and replication in vitro (Künzli & Masopust, 2023). The category of "HIV-

inducing cytokines" encompasses several molecules, such as TNF-alpha, TNF-beta, IL-1 

and IL-6. Both T cells and monocyte-derived macrophages (MDM) are vulnerable to 

having their HIV-1 replication stimulated by these particular cytokines. Other cytokines 

like IL2, 7 or 15 have also been linked with the upregulation of HIV-1 in T cells while 

macrophage-colony stimulating factor alternatively named MCSF has been found effective 

in promoting MDM's proliferation of HIV-I virus. Inhibitors of HIV-1 replication in T cells 

and monocyte-derived macrophages (MDM) include the HIV-suppressive cytokines IFN-

alpha, IFN-beta, IL-16, IL-10, and IL-13. Iketleng et al. (2016) showed that IFN-gamma, 

IL-4, and granulocyte-macrophage colony-stimulating factors are all bifunctional 

cytokines with inhibitory and stimulatory effects on HIV-1(Iketleng et al., 2016). 
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A shift from a predominantly T-helper type 1 (Th1) to T-helper type 2 (Th2) immune 

response has been associated to HIV infection, according to a number of studies. 

Interleukin (IL)-2 and interferon (IFN)-y production decreases during this phase, while IL-

4 and IL-10 secretion increases (Clerici & Shearer, 1993). Additionally, there is an elevated 

production of proinflammatory cytokines such as IL-1, IL-6, IL-8, and tumor necrosis 

factor (TNF)-α. 

Interleukin-10 (IL-10), interferon-gamma (IFN-y), and interleukin-2 (IL-2) are three of the 

most important cytokines that have been associated to HIV infection and illness 

progression (Katsikis et al., 2011). Interleukin-2 promotes the rapid and selective 

expansion of effector T cell populations, such as CD4+ and CD8+ T cells, after they have 

been activated by antigen, as stated by (Boyman & Sprent, 2012). Significant effects on 

cellular metabolism and glycolysis, processes essential to the long-term health of T cells, 

have also been identified. Natural killer (NK) cells benefit from interleukin-2 (IL-2) 

because it promotes their expansion and survival. IL-2 is also important because it 

stimulates the production of cytokines including tumor necrosis factor-alpha (TNF-α), 

interferon gamma (IFN-), and granulocyte-macrophage colony-stimulating factor (GM-

CSF), which are produced by natural killer (NK) cells (Moro-García et al., 2018). 

Furthermore, it has been noted that IL-2 and IL-12 together exhibit a synergistic impact, 

leading to an increase in natural killer (NK) cell cytotoxicity (Maia et al., 2024). 

TGF-β1, a cytokine with both anti-inflammatory and profibrotic effects, may be a 

contributing factor to the increased prevalence of non-AIDS-related ailments and extended 

immunosuppression. This cytokine is consistently elevated in both untreated and virally 

suppressed individuals infected with HIV, as indicated by Theron et al. (2017)(Theron et 
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al., 2017). T regulatory cells (Tregs) exert their suppressive roles by multiple ways, one of 

which involves the production of TGF-β1. Additionally, Tregs produce IL-10, which is a 

broadly active anti-inflammatory cytokine (Shalev et al., 2011). TGF-β1 is usually a 

protective cytokine that possesses anti-inflammatory properties. However, overproduction 

of the same can result in severe pathological consequences. Various research studies have 

revealed increased levels of TGF-β1 among HIV-1 infected individuals' bloodstream due 

to augmented presence of regulatory T cells (Tregs). These findings suggest that these cells 

are likely responsible for producing this cytokine primarily. According to Choi et al.'s 

observations (2021), patients with CD4 counts below 200 cells/μL exhibit exceptionally 

high amounts of TGF-β1 concentration indicative and negatively correlated with both 

circulating CD8 and CD4 cell counts but no significant relationship observed concerning 

their HIV viral load levels. 

2.5 Effects of HIV ART Non-Adherence on Cytokines  

Failure to adhere to antiretroviral therapy (ART) could potentially result in negative 

outcomes for individuals living with HIV and their immediate social circle. The reported 

outcomes include the development of resistance to present treatment regimens, as well as 

the hastening of disease progression. The cytokine profile experiences a shift due to HIV 

infection in both laboratory and within the body. Individuals infected with HIV-1 typically 

exhibit reduced levels of T-helper type 1 cytokines, such as IL-2 and INF-γ. Conversely, 

there is an increase observed in production of T-helper type 2 cytokines like IL-4 and IL-

10 alongside pro-inflammatory ones like TNF-α,IL-6,IL8&and I L-. Irregular generation 

of these molecules hampers cellular immunity leading to disease progression. Past studies 
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have indicated that distinct types may regulate replication & transmission rates for CD4-T 

cells or macrophages affected by this condition (Kedzierska & Crowe 2001). 

IL-10 is a cytokine with anti-inflammatory properties that has a crucial function in 

controlling immunological responses. Within the realm of HIV, T cells that produce IL-10, 

namely CD8+ T cells, have been observed to hinder the destructive activity of other T cells 

and restrain the generation of pro-inflammatory cytokines such as IL-2 (Elrefaei et al., 

2007). This inhibition can contribute to immunological dysregulation observed in HIV 

infection, potentially resulting in a reduced response to antiretroviral therapy (ART) and 

increased non-adherence due to the perception of treatment inefficacy or adverse effects. 

According to studies, an association exists between higher quantities of T cells that produce 

IL-10 and the advancement of HIV disease. This indicates that IL-10 may assist in 

maintaining the virus' presence while evading immune system detection (Elrefaei et al., 

2007; Mohammadi et al., 2023). Moreover, having these regulatory T cells could weaken 

the ability of one's immune system to appropriately respond to ART medication, potentially 

aggravating adherence challenges. 

 

Alternatively, IFN-γ is a cytokine that supports inflammation and holds significant 

importance in shielding the body from viruses. By stimulating CD4+ and CD8+ T cells 

activation alongside an increase in major histocompatibility complex (MHC) molecules 

production, it enhances immune responses. These molecules are crucial for T cells to 

identify infected cells. Although IFN-γ signalling is crucial for controlling HIV replication, 

an excessive or unregulated IFN-γ response can cause immune activation. This immune 
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activation can potentially lead to non-adherence in patients, especially if they experience 

negative side effects from antiretroviral therapy (ART) or if they believe that their 

treatment is ineffective due to ongoing immune activation (Duggal et al., 2012). 

The interaction between IL-10 and IFN-γ plays a crucial role in determining the 

immunological milieu in patients with HIV infection. Antiretroviral medicines such as 

tenofovir have been demonstrated to hinder the generation of IL-10, which may result in a 

shift towards a more pro-inflammatory condition (Hughes et al., 2020). This transition has 

the potential to cause a rise in immune activation, which, although advantageous in certain 

situations, might also lead to intensified adverse effects from antiretroviral therapy (ART) 

and, as a result, decreased compliance. Furthermore, the existence of IL-10 can mitigate 

the impact of IFN-γ, resulting in a less than ideal immune response against the virus. This 

implies that the equilibrium between these cytokines has a vital role in defining both the 

efficacy of ART and the compliance with treatment protocols. 

Thus, both IL-10 and IFN-γ have a substantial impact on ARV non-adherence by 

modulating immune modulation and inflammation. The immunosuppressive qualities of 

IL-10 may decrease the effectiveness of ART, whereas the role of IFN-γ in boosting 

immunological activation can cause negative consequences that discourage adherence. 

Gaining insight into these processes is crucial for formulating methods to enhance 

treatment adherence among those who have HIV. 
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CHAPTER THREE   

MATERIALS AND METHODS 

3.1. Study site  

Patients were recruited from the Siaya County Referral Hospital. The hospital was 

established in 1976 and currently serving six sub-county hospitals, and 113 primary health 

care facilities as a referral center. The hospital serves mostly the communities living within 

the central Nyanza part of Kenya. It serves both the inpatient and outpatient including the 

patient support center for HIV patients on ART. Currently, more than 3,524 HIV patients 

are supported by the center. The hospital in-patient has a bed capacity of 220.  

3.2 Study Design  

Siaya County Referral Hospital was the location of a cross-sectional study that 

quantitatively examined HIV-infected patients who were not adhering to ART treatment. 

3.3. Study Population  

The research was conducted on adults with HIV who were adhering to ART, as well as 

those who were non-adhering and attended the HIV comprehensive care clinic at Siaya 

County Referral Hospital. Additionally, individuals from the same area but presumed 

healthy and HIV negative were included in the study as controls.  

3.3.1 Inclusion Criteria  

The study included adults aged 18 years and above who gave their consent, comprising 

ART-compliant HIV-positive patients, previously non-adherent individuals initiated on 

ART, as well as treatment-naive participants. 
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3.3.2 Exclusion criteria 

Individuals who were HIV positive and under 18 years old, as well as those with co-

infections such as HBV or malaria and those who did not provide consent, were excluded 

from the study on ART. 

3.4 Sample size and Sampling 

The (Charan & Biswas, 2013) sample size calculation method were used,  this formula was 

found to be suitable for quantitative case-control studies  

Sample size =  
𝑟+1

𝑟
 
𝑆𝐷2(𝑍𝛽+𝑍𝛼

2
)

2

𝑑2
                           

Where  

r = Ratio of control to cases, 1 for an equal number of case and control 

d = Expected mean difference between case and control of which will be 0.15 

Zβ = Standard normal variate for power = for 95% power value is 1.96. 

Zα/2 = Standard normal variate for level of significance (0.05) which is 1.96 

Sample size = 
1+1

1
 
12(0.15+1.96)2

0.152
  =197.8 

The samples used in the study 47 HIV positive patients on ART, 23 patients not on ART, 

42 on ART but not adhering and 51 negatives as controls, total of 163 participants. 
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The respondents for this study were selected using a simple purposive sample method. 

Cases and controls were recruited from the HIV comprehensive care clinic. The Morisky 

Medication Adherence Scale was utilized to assess the adherence of patients to ART. 

3.5. Sample Collection  

The variables examined in this study encompassed the CD4+ T cell count, as well as the 

plasma levels of cytokines and viral load. Five (5) mls of blood samples were obtained 

from individuals who were either receiving ART or had not yet started medication 

treatment. The blood was collected in 4 ml tubes that contained ethylenediaminetetraacetic 

acid (EDTA). Following the collecting process, the samples were carefully packaged in a 

cool box and subsequently sent to the laboratory for the purpose of conducting CD4 T cell 

count analysis. The centrifugation process was employed to separate whole blood into its 

constituent components, resulting in the isolation of plasma. The obtained plasma was then 

carefully stored in accordance with the prescribed guidelines provided with the test kits. 

This was done in preparation for later laboratory analyses, which encompassed the 

examination of cytokine levels as well as the determination of viral load. The CD4 T cell 

count was determined by the utilization of flow cytometry, whereas the viral load and 

cytokines were assessed utilizing the COBAS® AmpliPrep/COBAS® TaqMan® HIV-1 

Test (Roche Diagnostics, Mannheim, Germany) and ELISA procedures, respectively. 

3.5.1. Determination of CD4 count  

The enumeration of cells positive for the cluster of Differentiation 4 marker was conducted 

utilizing the Becton Dickinson (BD) FACSPresto instrument (Software V01.00.00) 

(Becton-Dickinson™, Franklin Lakes, USA). The BD FACSPresto™ cartridge, 
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specifically the CD4/%CD4/Hb cartridge, comprises of desiccated antibody reagents that 

are coupled with fluorochromes. Upon the interaction between blood and the reagents, the 

antibodies present in the reagents exhibit affinity towards the surface antigens located on 

the lymphocytes and monocytes. Following the incubation time, the cells were subjected 

to analysis using the BD FACSPresto Near-Patient CD4 Counter (Becton-Dickinson™, 

Franklin Lakes, USA), which served as the instrumental platform for this study. According 

to Afolabi et al. (2017), the program is capable of identifying the specific cell populations 

that are of interest. Additionally, it is able to determine CD4 absolute counts, CD4 

percentages of lymphocytes, and hemoglobin concentration.  

A volume of approximately 25-30 µl of blood was introduced onto the cartridge by directly 

filling the cartridge intake. Throughout this process, the cartridge lid remained closed, and 

the cartridge was consistently held in a horizontal position. The cartridge was thereafter 

inserted into the door with the channel oriented in an upward direction. Upon insertion, the 

door promptly closed, triggering an automatic processing of the sample. The processed 

results were afterwards displayed on the screen. Following the end of the procedure, the 

door was opened, and the results were printed out. 

3.5.2. Determination of the Viral Load  

The concentration of Human Immunodeficiency Virus Type 1 (HIV-1) RNA in human 

plasma was determined with a nucleic acid amplification test called the COBAS® 

AmpliPrep/COBAS® TaqMan® HIV-1 Test (Roche Diagnostics, Mannheim, Germany). 

Currently, the process of preparing specimens is automated by utilizing the COBAS® 

AmpliPrep Instrument. Also, either the COBAS® TaqMan® Analyzer or COBAS® 
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TaqMan ® 48 Analyzer automate amplification and detection tasks. Roche Molecular 

Systems (Clarke et al., 2014) state that this examination relies on three fundamental 

methods. 

 3.5.3. Specimen preparation 

The COBAS® AmpliPrep Instrument was used for automated specimen preparation, 

utilizing a silica-based capture method. The experimental procedure involved processing 

850 microliters (μL) of plasma and lysing HIV-1 virus particles by heating them in the 

presence of protease and chaotropic lysis/binding solution. This caused nucleic acids such 

as HIV-1 RNA to be released while also protecting against ribonucleases (RNases). 

Protease, along with predetermined amounts of HIV-1 QS Armored R molecules were 

injected into each sample alongside magnetic glass particles and the lysis reagent. 

Incubation then led to binding between the surface of these magnetic glass particles and 

both types of RNA present in specimens: HIV-1 QS RNA plus HIV - 1RNA . Having 

separated from unbound contaminants through particle washes which removed salts & 

proteins present throughout serum , this material containing freed RNAs could undergo 

amplification mixture addition prior introduction within either Roche Diagnostics' 

COBAS® TaqMan Analyzer or their COBAS® TaqMan®48 analyzer subsequent thereto 

being subjected another incubation period following forced amalgamation.. 

3.5.4. Reverse transcription of the target RNA 

The production of complementary DNA was achieved by performing reverse transcription 

and PCR amplification using the thermostable recombinant enzyme Thermus species DNA 

polymerase (Roche, 2007). Under appropriate buffer conditions and in the presence of 
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manganese ions (Mn2+), Z05 demonstrates a dual capacity as both a reverse transcriptase 

and a DNA polymerase. The concurrent execution of reverse transcription and PCR 

amplification, along with the ability to identify the amplicon in real-time, was made 

possible by integration. 

 3.5.5. Simultaneous PCR amplification of target cDNA and detection of cleaved 

dual- labeled oligonucleotide probe specific to the target 

Both the HIV-1 target RNA and the HIV-1 QS RNA were reverse-transcribed, and then 

the reaction mixture was thermal-cycled in a COBAS® TaqMan® Analyzer or a COBAS® 

TaqMan® 48 Analyzer (Roche Diagnostics, Mannheim, Germany). Denaturation of the 

RNA: cDNA hybrid and exposure of the desired primer target sequences were achieved by 

cycling the reaction mixture through an elevated temperature in this thermal cycler. 

Chilling caused the primers to anneal to their respective target DNA. The annealed primers 

on the target template were extended using DNA Polymerase from the thermostable 

Thermus species Z05, yielding a double-stranded DNA molecule known as an amplicon. 

The required number of cycles for the COBAS® TaqMan® Analyzer or COBAS® 

TaqMan® 48 Analyzer (Roche Diagnostics, Mannheim, Germany) has been 

preprogrammed by the manufacturer. 

Using a dual-labeled oligonucleotide probe that's specific to both the target and QS areas 

of HIV-1, we successfully identified the amplified DNA. With this probe, we were able to 

detect both the HIV-1 amplicon and HIV-1 QS amplicon separately. Real-time polymerase 

chain reaction (PCR) is at the core of Roche Diagnostics' COBAS® AmpliPrep/COBAS® 

TaqMan® HIV-1 test in Mannheim, Germany. This technique tracks PCR product 
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accumulation by measuring fluorescent reporter dye emission intensity throughout 

amplification processes. 

3.5.6. Sandwich ELISA determination of plasma level of IL-10  

The Invitrogen Hu IL-10 kit is a solid-phase sandwich Enzyme Linked Immuno-Sorbent 

Assay (ELISA) from InvitrogenTM, Life Sciences based in California, USA. This 

examination operates on the following principle: Human interleukin-10 (Hu IL-10)-

specific monoclonal antibodies are utilized to pre-coat the microtiter strips. The samples 

include known standards for Hu IL-10 concentration control specimens and unknowns 

which were pipetted into the wells. When bound together with immobilized antibody, 

human Interleukin 1 molecule has binding affinity forming complex due to it's collected Il 

- 19 being tracked continually through biotinylated monoclonal antibody recognizing only 

that of human nature. 

Microtiter wells were pre-filled with 50 μL of standards, samples or controls. Next, 

incubation buffer was added to the wells containing standards and samples. A cover was 

then placed over the plate and left to incubate for two hours at room temperature. The next 

step involved washing the sample before applying a biotinylated anti-IL-10 (Biotin 

Conjugate) solution in each well - 100 μL per well. The test plate was sealed once again 

and allowed to incubate for another two hours under room temperature conditions while 

being washed four more times afterward. A working solution comprising Streptavidin-

HRP (Thermo Fisher Scientific, Massachusetts, USA), which consists of about 100 uL 

volume per filled microtiter hole on plates formerly prepared plus an additional thirty 

minutes' leave out time interval after sealing up covered dishes followed by performing 
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washings resulted in refilling these holes back during this process period as required said 

that "four further washes were performed." Once completed with all those activities 

aforementioned above subsequently adding Stabilized Chromogen into every aperture 

within one's dish amongst final stages hasn't escape tight monitoring processes like any 

other scientific experiment you've heard so far because there are certain factors responsible 

such situations such make sure delicate testing instruments don't get interference causing 

them failures may end up skewing results leaving no value whatsoever also adds gravity 

tests already carried through stated researchers need take notice how they should have kept 

proper records documenting everything done towards achieving ideal outcomes. Afterward 

allowing dished stand idle durability reasons depending upon lab safety precautions stopper 

got poured bible reading using optical density readings taken from stopped sequences we 

determined IL-10 concentration utilizing standard curve(s). As Shebl et al.(2012) 

demonstrated convincingly enough – his work serves evidence-based proof backed-up 

rightly so empirical research findings showed accuracy concerning 

efficacy(commensurately applicable measures where called-for existence). 

3.5.7. Sandwich ELISA determination of plasma IFN-γ levels 

An example of a commercially available ELISA that employs a solid phase sandwich 

format is the Invitrogen IFN- kit (InvitrogenTM, Life Sciences, California, USA). The 

oligoclonal approach used in this assay involves the use of several monoclonal antibodies 

(MAbs 1) specific for various IFN-γ epitopes. All reagents were allowed to reach room 

temperature before use. 50 μL of each sample, standard, and control was pipetted into their 

respective wells. Next, anti-IFN-γ HRP Conjugate (at a volume of 50 μL) was added to 

each well. The solution sat for two hours at room temperature on a horizontally positioned 
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shaker turning at 700 revolutions per minute while being incubated. Afterward the solution 

was aspirated and the wells rinsed four times with water before adding in quickly produced 

chromogen-substrate (a mixture of H2O2 and TMB) that filled every well within fifteen 

minutes following washing steps which amounted up accordingly depending upon how 

you prepared it beforehand Then this plate would be incubated another fifteen more-minute 

session under protection against direct sunlight using shield if necessary! Finally we 

introduced Stop Solution - consisting only one molar hydrochloric acid(HCl)-reaching fifty 

microliters for every single last instance where absorption readings were taken as all 

samples had measurable quantities determined via curve-building from Shebl et al.'s work 

done back during 2012. 

3.6. Data Analysis  

The data were analyzed using SPSS V23. Mean and standard deviation (SD) summarized 

continuous variables, whereas counts and proportions (%) summarized categorical 

variables. A simple linear regression model evaluated the relationship between CD4 count, 

viral load, and cytokine levels; adjusted for patient age, gender, education level and marital 

status. In addition to this analysis method used above the Kruskal Wallis H-test with Dunn's 

post-hoc test determined statistically significant differences in cytokines levels among HIV 

patients adhering ART as compared to those who didn't comply along with CD4 count and 

viral load. The statistical significance was set at P ≤ 0.05. 
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3.7. Ethical Considerations  

Ethical and review approval was sought from the respective committees of Siaya County 

Referral Hospital, Masinde Muliro University of Science and Technology, and the National 

Commission for Science, Technology, and Innovation (NACOSTI), ensuring compliance 

with ethical research standards.  

The study implemented measures to safeguard the well-being of the participants and 

uphold their dignity. The participants were selected based on their eligibility as individuals 

who were either non-adhering to their HIV positive ART regimen or adhering to it. 

Detailed information regarding the study, such as the collection of anonymous samples, 

analysis of data, and the confidentiality of results, was provided to the participants. The 

study ensured that only codes representing the participants were used to maintain 

anonymity. Blood samples were exclusively obtained from patients who provided their 

consent, and this procedure was carried out by employees who had received proper 

training. 

The study relied solely on voluntary participation, and participants were afforded the 

opportunity to withdraw from the study at any point if they so desired. The participants 

were adequately informed and assured about their involvement, enabling them to 

comprehend the consequences of participation and make an autonomous decision without 

any form of pressure. 
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CHAPTER FOUR  

RESULTS 

4.1. Demographic profiles of the study participants.  

A total 163 adults, females, 90 (55.2%) and males, 73 (44.8%) were recruited into the 

study. The distribution of the gender across the groups was not significantly different, P = 

0.108. Age differences was also not significantly different across the groups; HIV-1 

negative 37.69 (6.0), HIV [+] ART-naive, 39.0 (7.0), HIV [+] ART-adherents, 37.5 (7.0), 

HIV [+] ART non-adherents, 37.86 (9.3); P = 0.838. Height was comparable across the 

study groups, even though it was not significantly across the group; HIV-1 negative 1.69 

(0.1), HIV [+] ART-naive, 1.64 (0.1), HIV [+] ART-adherents, 1.67 (0.1), HIV [+] ART 

non-adherents, 1.67 (0.1); P = 0.465. However, weight was significantly different across 

the study groups; HIV-1 negative 67.82 (18.0), HIV [+] ART-Naïve, 56.94 (11.0), HIV [+] 

ART-adherents, 66.64 (14.7), HIV [+] ART non-adherents, 59.15 (11.8); P= <0.001. 

Similarly, BMI was also significantly different across the group with HIV [+] ART-naive 

recorded lowest, 20.37 (5.11) as compared to HIV-1 negative 24.47 (5.27), HIV [+] ART-

adherents, 23.97 (5.49), HIV [+] ART Non-adherents, 21.07 (3.72); P = <0.001. 

Additionally, BMI was further categorized into either underweight ≤18.5 or overweight 

≥18.5. Majority of HIV [+] ART-Non-Adherents, 9 (40.0) were underweight even though 

the distribution of underweight and overweight individual was not significantly different 

across the group; P = 0.101. Consistent with height, waist circumference was not 

significantly different across the clinical groups: HIV-1 negative 76.0 (10.0), HIV [+] 

ART-naive, 72.0 (10.0), HIV [+] ART-adherents, 72.0 (10.0), HIV [+] ART Non-

adherents, 76 (9.3); P = 0.088. However, hips circumference was significantly different 
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across the study group; HIV-1 negative 90.0 (10.0), HIV [+] ART-naive, 90.0 (11.0), HIV 

[+] ART-adherents, 88.0 (5.0), HIV [+] ART non-adherents, 91.5 (7.0); P = 0.049. 

Similarly, MUAC was significantly differently across the groups; HIV-1 negative, 25.0 

(3.0), HIV [+] ART-naive, 24.0 (4.0), HIV [+] ART-adherents, 24.0 (2.0), HIV [+] ART 

non-adherents, 25.0 (2.0); P = 0.015. In contrast to MUAC and hips circumference, BUST 

was not significantly different across the groups, HIV-1 negative, 84.0 (6.0), HIV [+] ART-

naive, 83.0 (8.0), HIV [+] ART-adherents, 24.0 (2.0), HIV [+] ART non-adherents, 85.0 

(4.0); P = 0.372 (Table 4.1.) 

Table: 4. 1. Demographic characteristics of the study participants 

Characteristics HIV 

Negative 

HIV [+] 

ART-naive 

HIV [+] 

ART-

Adherents 

HIV [+] 

ART-Non-

Adherents 

P 

Gender n, %      

   Female 27 (30.0) 1415.6) 32 (35.6) 17 (18.9) 0.108 

   Male 24 (32.9) 9 (12.3) 15 (20.5) 24 (34.2) 

Age 37.69 (6.0) 39.0 (7.0) 37.5 (7.0) 37.86 (9.3) 0.838 

Height 1.69 (0.1) 1.64 (0.1) 1.67 (0.1) 1.67 (0.1) 0.465 

Weight 67.82 (18.0) 56.94 

(11.0) 

66.64 (14.7) 59.15 (11.8) <0.001 

BMI 24.47 (5.27) 20.37 

(5.11) 

23.97 (5.49) 21.07 (3.72) <0.001 

   BMI <18.5 4 (20.0) 5 (25.0) 3 (15.0) 9 (40.0) 0.101 

   BMI >18.5 47 (32.9) 119 (13.3) 44 (30.8) 33 (23.1) 0.101 

Waist (cm) 76.0 (10.0) 72.0 (10.0) 72.0 (10.0) 76 (9.3) 0.088 

Hips 90.0 (10.0) 90.0 (11.0) 88.0 (5.0) 91.5 (7.0) 0.049 

MUAC 25.0 (3.0) 24.0 (4.0) 24.0 (2.0) 25.0 (2.0) 0.015 

Bust 84.0 (6.0) 86.0 (10.0) 83.0 (8.0) 85.0 (4.0) 0.372 
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The data is presented as medians (IQR, interquartile range). HIV-1[+], which stands for 

human immunodeficiency virus type-1 positive, ART represents anti-retroviral treatment. 

F/M refers to Female and Male while MUAC signifies mid-upper arm circumference. 

The Kruskal-Walis H test was used in the analysis of data across groups set at P<0.01 for 

continuous measures and Chi-Square tests were employed for gender distribution and 

BMI or body mass index. The significant values are indicated in bold font. 

4.2. The Serum IFN-γ and IL-10 cytokines levels among the study participants 

The serum IFN-γ and IL-10 in HIV-1 individual, HIV-1 [+] ART-naive, HIV-1 [+] ART-

adherent, HIV-1 [+] ART-Non-adherent were: (5.73 vs. 5.89; 0.74 vs. 32.26; 2.55 vs. 14.9 

and 0.98 vs. 26.73) pg/mmL. This are summarized in the bar graph Figure 4.1. 

 
KEY 

Blue bars - IFN-γ 

Red bars - IL-10 

Figure: 4.1. Serum mean cytokines levels among the study participants 
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The figure above is showing the mean cytokine levels (pg/ml), HIV [+]; human 

immunodeficiency virus type-1 positive; ART; anti-retroviral treatment. The blue bars 

represent interferon gamma and red bars represent interlekins-10. 

4.3. CD4 T cell counts and viral load of the HIV-negative, ART-naive and -experienced 

ART regimen non-adherent and -adherent patients 

The CD4 T cell counts CD4 T cell counts were significantly lower in HIV [+] ART-Naive 

395.9 (349) group as compared to HIV-1 negative 1407.4 (1303), HIV [+] ART-Adherents, 

575.4 (374) and HIV [+] ART Non-Adherents, 423.6 (252); P = <0.001. Additionally, 

majority of HIV [+] ART-Naïve had lower CD4 count CD4 <300, 10 (43.5) as compared 

to HIV [+] ART-Adherents 5 (10.6) and HIV [+] ART Non-Adherents 18 (42.9), P = <0. 

001. Conversely, the viral load was higher in HIV [+] ART Non-Adherents, 4.6 (1.1), as 

compared to HIV [+] ART-Adherents, 3.4 (1.9) and HIV [+] ART-Naïve 4.5 (1.6); P 

<0.001. Majority of HIV [+] ART Non-Adherents individuals presented with >1000 copies 

per u/l of blood, 39 (92.9) as compared to HIV [+] ART-Naïve 9 (82.6), HIV-1 negative 0 

(0.0), HIV [+] ART-Adherents, 27 (57.4), P = <0.001. In addition, few HIV [+] ART Non-

Adherents individuals presented with <1000, HIV-1 viral copies 3 (7.1) as compared to 

HIV [+] ART-Naïve 4 (17.4) and HIV [+] ART-Adherents 20 (42.6), P = <0.001 (Table 

2). 
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Table: 4. 2. HIV-1 viral load and CD4 T cell count of the study participants.  

Clinical 

Characteristics 

HIV Negative HIV [+] 

ART-naive 

HIV [+] ART-

adherent 

HIV [+] ART-

non-adherents 

     P 

CD4 1407.4 (1303) 395.9 (349) 575.4 (374) 423.6 (252)     <0.001 

   CD4 <300 0 (0.0) 10 (43.5) 5 (10.6) 18 (42.9)     <0.001 

   CD4 300-499 3 (5.9) 7 (30.4) 13 (27.7) 12 (28.6)     <0.001 

   CD4 >500 48 (94.1) 6 (26.1) 29 (61.7) 12 (28.6)     <0.001 

Viral load  4.5 (1.6) 3.4 (1.9) 4.6 (1.1)     <0.001 

   VL <1000 51 (100.0) 4 (17.4) 27 (57.4) 3 (7.1)     <0.001 

   VL >1000 0 (0.0) 9 (82.6) 20 (42.6) 39 (92.9)     <0.001 

The data is presented as medians (IQR, interquartile range). HIV-1[+] represents human 

immunodeficiency virus type-1; ART [-] means anti-retroviral treatment was not 

administered while ART [+] implies that it was given. VL indicates viral load and CD4 T 

cell count refers to the cluster of differentiation. The analysis involved using Kruskal-

Wallis H test across groups with post-hoc P<0.01 for continuous measures and Chi-Square 

test for categorical information which revealed significant differences between the groups 

studied. The bold values are significant. 

4.4. Correlation of circulating cytokine levels with HIV-1 viral load, CD4 T cell 

count and BMI among HIV-1 ART-naive, and ART-experienced regimen -adherent 

and non-adherent patients 

Interleukins -10 (IL-10) correlated positively with viral load (ρ= 0.272; P=0.004) and 

inversely with CD4 T cell count (ρ= -0.627; P<0.0001) as well as BMI (ρ= -0.376; 

P<0.0001). However, IFN-γ correlated inversely with viral load (ρ= -0.326; P<0.0001) and 

BMI (ρ= -0.342; P<0.0001), positively with CD4 T cell count (ρ= 0.619; P<0.0001) (Table 

3). 

Table: 4. 3. Correlation of serum IL-10 and IFN-γ cytokine levels with HIV infection 

diagnostic BMI, Viral Load and CD4+ T-cell count 

Cytokine Log10 HIV-1 RNA 

copies 

CD4+ T cells BMI 

 ρ P ρ P Ρ P 

IL-10 0.272 0.004 -0.627 <0.0001 -0.376 <0.0001 

IFN-γ -0.326 <0.0001 0.619 <0.0001 0.342 <0.0001 
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The data presented is Spearman's rank correlation coefficient (rho, ρ) with the obtained 

values. The correlation between IL-10 (Interleukin-10) and IFN-γ (interferon-gamma) was 

determined through a Spearman's rank correlation analysis. Significant P-values are 

indicated by bolded values. 
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CHAPTER FIVE  

DISCUSSION 

5.1. Demographic profiles of the study participants 

An analysis of demographic and anthropometric data indicates that individuals who are 

infected with the human immunodeficiency virus (HIV) but have not yet started 

antiretroviral treatment, exhibit significantly lower weight and body mass index (BMI), 

when compared to those individuals also infected with HIV but receiving anti-retroviral 

therapy. Furthermore, the majority of individuals who did not adhere to antiretroviral 

therapy (ART) for HIV were underweight. This was followed by those who were both 

HIV-positive and had not yet started ART. This discovery suggests that the use of anti-

retroviral treatment may be a contributing factor to low weight, body mass index, and 

underweight in individuals who are HIV positive and not receiving anti-retroviral 

treatment, as well as those who are HIV positive but not adhering to their treatment, when 

compared to individuals who are HIV negative and adhering to their treatment. 

Furthermore, prior research has demonstrated a connection between the utilisation of ART 

and measures indicating decreased body weight, low BMI, and being underweight at the 

beginning stage of ART adoption (Pantazis et al., 2022; Hirigo et al., 2023). The metabolic 

complication of antiretroviral therapy (ART) has been associated with impaired absorption 

of nutrients, resulting in muscular atrophy and overall reduction in body weight (Duggal et 

al., 2012; (Thet & Siritientong, 2020)). The discovery supports the fact that advanced HIV 

infection and failure to follow treatment have been associated with HIV enteropathy, 

unresolved chronic diarrhoea, malabsorption, increased fever accompanied by weight loss 
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due to increased energy usage, and muscle wasting ((Elfstrand & Florén, 2010); (Siddiqui 

et al., 2022). Previous studies have shown an increase in body mass index (BMI) after 

starting antiretroviral therapy (ART) (Alebel et al., 2022; Mavarani et al., 2023). This 

finding contradicts the current discovery. An institutional retrospective analysis revealed 

an increase in weight and body mass index (BMI) within the first two years of initiating 

second-line antiretroviral therapy (ART) (Baraki et al., 2019). However, in our specific 

situation, not following medical instructions may play a vital role in worsening the increase 

of the amount of virus in the body, therefore causing harmful effects on the human body. 

In the setting of HIV-1 infection, individuals frequently suffer from underweight due to 

metabolic problems. This can result in deficits of important micronutrients as selenium, 

zinc, vitamins A, B12, and vitamin D. The aforementioned investigations undertaken by 

(Deshwal and Arora, 2019; Adhikari et al., 2022; Phiri et al., 2022) have demonstrated a 

clear correlation between these deficiencies and undernourishment, leading to future 

underweight.  

5.2. The Serum IFN-γ and IL-10 cytokines levels of the study participants  

The present study evaluated the levels of pro- and anti-inflammatory cytokines, body mass 

index (BMI), CD4+ T lymphocyte counts, and viral load in HIV-1-infected individuals 

who demonstrated noncompliance with highly active antiretroviral therapy (HAART). 

Afterwards, the indicated results were compared with the serum levels seen in patients who 

followed HAART treatment, as well as individuals who had not yet started HAART and 

were used as healthy controls. The study examined various cytokines, such as IFN-γ and 

IL-10, which have both pro-inflammatory and anti-inflammatory properties, respectively. 

Individuals infected with HIV-1 exhibited elevated levels of IFN-γ, which were 
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subsequently reduced with the consistent and prolonged use of HAART. Individuals who 

consistently followed regular HAART treatment showed a steady decrease in the levels of 

IL-10. Nevertheless, it was demonstrated that there was a rise in IL-10 levels among 

individuals who failed to adhere to the prescribed treatment plan. Conversely, it was noted 

that individuals infected with HIV-1 exhibited decreased blood levels of IFN-γ. Consistent 

and long-term use of HAART seemed to lead to higher levels of interferon-gamma (IFN-

γ) in the blood, while not following the prescribed treatment schedule appeared to be linked 

to lower levels of IFN-γ in the blood. Contrary to these findings, other studies have 

demonstrated that there are no substantial changes in blood IL-10 levels detected in HIV 

patients who are using HAART (Musa et al., 2021; Osuji et al., 2018). Recent studies have 

shown that IL-10 levels in HIV patients who are on HAART medication tend to increase 

at the same time as the CD4 T cell count rises (Liu et al., 2024; Younas et al., 2016). 

Multiple longitudinal investigations have yielded comparable results to the current 

analysis, demonstrating a decrease in IL-10 levels with adherence to HAART (Dale et al., 

2014; Osuji et al., 2018). Moreover, there is a lack of agreement on the effect of HAART 

on serum interferon-gamma (IFN-γ) levels in individuals with HIV. Multiple studies have 

observed a consistent increase in the levels of interferon-gamma (IFN-γ) in the bloodstream 

following frequent use of highly active antiretroviral therapy (HAART) (Roff et al., 2014; 

Watanabe et al., 2019). Conversely, some studies have documented a decrease in FN-γ 

levels in individuals with HIV who are undergoing HAART treatment (Hernández-Walias 

et al., 2020; Osuji et al., 2018; Watanabe et al., 2019). The current study reveals that 

patients who comply with the HAART regimen see a rise in serum levels of interferon-

gamma (IFN-γ). IFN-γ, categorised as a Th1 cytokine, usually triggers a shift from Th1 to 
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Th2 during HIV infection (Reuter et al., 2012; Williams et al., 2013). with ART. It is 

anticipated that IFN-γ levels in the bloodstream will decline during infection without 

antiretroviral therapy (ART), while highly active antiretroviral therapy (HAART) may 

boost immune cell synthesis of IFN-γ. These pro-inflammatory cytokines have vital 

functions within HIV-1 infections. Our research outcomes propose a potential reversal of 

blood cytokine levels due to non-adherence to ART.  

5.3 Correlation of serum IL-10 and IFN-γ cytokine levels with HIV infection 

diagnostic BMI, Viral Load and CD4+ T-cell count 

 

Furthermore, a direct association was found between the levels of IFN-γ and both the 

counts of CD4 T cells and BMI. In contrast, a negative connection was seen between IL-

10 levels and both CD4 T cell counts and BMI. Previous studies have found higher levels 

of IL-10 in persons with HIV who have a high viral load (Musa et al., 2021; Sun et al., 

2023). During HIV-1 infection, the decrease in IFN-γ, which is a type 1 helper T cell 

cytokine, offers a favourable environment for the reproduction of the virus and the 

reduction of CD4 T cells (Cromarty et al., 2019; Ward et al., 2021). The results of this 

investigation are consistent with the hierarchical analysis, which showed that IFN-γ had a 

significant effect on both viral load and CD4 T cell counts. 

In the current study, the anti-inflammatory properties of the cytokine IL-10 were examined. 

HIV infection appears to cause elevated levels of cytokines in the bloodstream. 

Observations revealed that the continued adherence to HAART over a prolonged period 

led to a reduction in the amounts of anti-inflammatory cytokines circulating in the body. 

However, it was demonstrated that HIV patients who did not follow to their treatment 

regimen had increased amounts of these cytokines in their bloodstream. Studies conducted 
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by Freeman et al. (2021) and Hokello et al. (2024) have shown that HIV infection leads to 

a shift from Th1 to Th2 cytokines, such as interleukin-10 (IL-10) (Freeman et al., 2021; 

Hokello et al., 2024). Consequently, it is expected that these cytokines will show elevated 

levels in the bloodstream after an infection. Consistent and ongoing use of HAART can 

result in a notable decrease in blood IL-10 levels. HAART works by restoring the 

equilibrium of cytokines (Pillay et al., 2020). In a recent study conducted by Jianu et al. 

(2021), the researchers examined the levels of serum IL-10 in HIV patients who were either 

treatment-naive or had prior experience with highly active antiretroviral therapy (HAART). 

The study found that there were similar outcomes in both groups, however there was a 

notable decrease in IL-10 levels among individuals who had undergone HAART treatment 

(Jianu et al., 2021). The results of this study indicate that strict adherence to HAART 

(Highly Active Antiretroviral Therapy) can result in a decrease in the levels of anti-

inflammatory cytokines in the blood. This could potentially lead to better outcomes for 

patients with HIV-1. Nevertheless, it was noted that failure to comply with the prescribed 

treatment led to a rise in anti-inflammatory cytokines, so negating the benefits of HAART. 

Additionally, a direct relationship was found between IL-10 and viral load, while IL-10 

showed an opposite connection with CD4 T cell counts and BMI. The data indicate that 

not following the prescribed HAART treatment has detrimental consequences, as it results 

in higher levels of anti-inflammatory cytokines. A correlation can be noted between higher 

levels of interleukin-10 (IL-10) and factors such as increased viral load, reduced CD4 T 

cell count, and body mass index (BMI).  

Our work has shown that not following HAART treatment results in higher levels of serum 

interleukin-10 (IL-10), while simultaneously decreasing interferon-gamma (IFN-γ) levels. 
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The findings of this study suggest that there may be a possibility to reverse the effects 

linked to following HAART treatment and controlling the transition of Th1/Th2 cytokines. 

As a result, this ultimately leads to harmful outcomes and a reduced outlook for individuals 

affected by HIV-1. Furthermore, IFN-γ has a vital function in predicting disease 

progression indicators in HIV-1 patients who do not adhere to treatment. 
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CHAPTER SIX  

CONCLUSIONS AND RECOMENDATIONS 

6.1. Conclusions  

i. The adherence to antiretroviral therapy (ART) has a considerable impact on the 

immunological function and viral load of patients with HIV-1. Individuals who 

adhere to antiretroviral therapy (ART) have higher levels of CD4+ T-cells and 

lower levels of viral load compared to patients who are not on ART or who are not 

adherent to ART. More precisely, patients who were adhering to antiretroviral 

therapy (ART) had a CD4+ T-cell count of 575.4 cells/µL and a viral load of 3.4 

log copies/mL. In contrast, patients who were not receiving ART or were not 

adherent to it had lower CD4+ T-cell counts (395.9 and 423.6 cells/µL, 

respectively) and higher viral loads (4.5 and 4.6 log copies/mL, respectively).  

ii. The blood concentrations of IFN-γ and IL-10 exhibit unique patterns and 

associations with illness indicators in individuals with HIV-1. The levels of IFN-γ 

show an inverse correlation with viral load (ρ= -0.326; P<0.0001) and a positive 

correlation with CD4+ T-cell count (ρ= 0.619; P<0.0001). This suggests that 

greater levels of IFN-γ are associated with improved immune function and reduced 

viral replication. On the other hand, there is a positive relationship between IL-10 

levels and viral load (ρ= 0.272; P=0.004), and a negative relationship between IL-

10 levels and CD4+ T-cell count (ρ= -0.627; P<0.0001). This suggests that higher 

IL-10 levels are linked to greater viral replication and a weaker immune system.    
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iii. Body Mass Index (BMI) shows a negative correlation with IL-10 levels (ρ= -0.376; 

P<0.0001) and a positive correlation with IFN-γ levels (ρ= -0.342; P<0.0001), 

indicating that a lower BMI is linked to greater IL-10 levels and lower IFN-γ levels. 

This suggests a potential correlation between the nutritional condition and the 

immunological response in individuals with HIV-1. A decreased BMI may signal 

a decline in general health and immune system functioning.   

6.2 Recommendation 

6.2.1 Recommendations for action 

 

i. Enhance adherence support initiatives for HIV-1 patients to enable consistent and 

appropriate use of antiretroviral treatment (ART). This may encompass routine 

counselling, reminders to stick to treatment, and tackling obstacles to adherence, such as 

social stigma, adverse effects, and pharmaceutical accessibility. Enhanced compliance 

will result in enhanced immune function, increased CD4+ T-cell counts, and reduced 

viral loads, ultimately enhancing patient outcomes.  

ii. Incorporate regular monitoring of cytokine levels, specifically IFN-γ and IL-10, into 

the clinical care of HIV-1 patients. Quantifying these cytokines can offer vital 

information on the patient's immunological condition and the advancement of the disease, 

enabling the implementation of more tailored treatment approaches. For example, 

elevated IL-10 levels may suggest the necessity for more vigilant monitoring and possible 

therapies to combat heightened viral replication and immune suppression. 

iii. Establish and execute nutritional assistance initiatives for individuals infected with 

HIV-1, specifically targeting those with a low body mass index (BMI). Optimizing 
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patients' nutrition can boost their general well-being, bolster immunological function, and 

potentially enhance their response to antiretroviral therapy (ART). Providing nutritional 

counselling and offering supplements or dietary help are crucial elements of complete 

HIV care. 

6.2.2 Recommendation for further study 

i. Perform longitudinal research to examine the prolonged impact of adhering to 

antiretroviral therapy (ART) on the immunological function and viral load in 

individuals with HIV-1. The primary objective of these research should be to 

investigate the temporal dynamics of CD4+ T-cell counts, virus loads, and cytokine 

levels (namely IFN-γ and IL-10) over prolonged durations. This research can offer 

profound insights into the correlation between consistent adherence to antiretroviral 

therapy (ART) and the course of diseases as well as the results experienced by 

patients. 

ii. Examine the impact of targeted dietary interventions on immunological function 

and viral suppression in individuals with HIV-1 infection. Subsequent research 

should investigate the effects of various diets, supplements, or nutritional support 

programs on BMI, cytokine levels, CD4+ T-cell counts, and viral load. This 

research aims to determine optimal nutritional methods for promoting the health 

and managing the treatment of individuals with HIV-1. 

iii. Perform mechanistic investigations to elucidate the underlying biological 

mechanisms by which IFN-γ and IL-10 impact the course of HIV-1 illness and the 

immune response. The objective of these investigations should be to clarify the 

pathways and interactions that result in the reported correlations between cytokine 
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levels, viral load, and CD4+ T-cell numbers. Gaining a comprehensive 

understanding of these pathways can facilitate the development of precise 

treatments that regulate cytokine levels in order to enhance patient outcomes. 
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APPENDICES 

APPENDIX I: CONSENT FORM 

CONSENT FORM (ENGLISH VERSION) 

INTRODUCTION 

Good morning/afternoon, my name is......................................................... I’m researching 

within the Siaya county referral hospital. The purpose of this research is to determine 

cytokines levels among ART defaulter’s HIV infected patients attending Siaya county 

referral hospital. This information will assist the researcher from Masinde Muliro 

University of Science and Technology - Masters of Science in Medical Laboratory 

Sciences and also an employee of Kakamega county government, to understand the above 

aspects and advice accordingly. 

Regarding this, I would like to ask you some questions. Some of the questions are personal, 

but the answers you give will be confidential. They will only assist the researcher to learn 

more about the benefits and challenges of ART programs. Your participation in the study 

is voluntary and therefore you are not obligated to participate. However, we would 

appreciate your participation. I would like to interview you and collect some blood from 

you and all the information you provide and also result in getting will be kept in strict 

confidence therefore not exposing you to any kind of victimization and will only be used 

for this study. I do appreciate your time and contribution. 

Do I have your permission to continue? 

.................... Yes (proceed with interview) 

.................... No (end the interview) 

Respondent’s signature or thumbprint: ............................................................................... 

(Interviewer arranges for a private setting to conduct the interview) 

Date: ......................................................... 

Time start: ................................................  

Time end: ................................................. 
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APPENDIX II: QUESTIONNAIRE 

SECTION A: PERSONAL DATA  

1. Age - ………………….  

2. Educational Level……… Non formal education [ ] Primary level [ ]  

Junior high/JSS [ ] senior high/SSS/Secondary [ ] Tertiary/Post-secondary [ ]  

3. Marital status Single [ ] Married [ ] Divorce [ ] Widow [ ] 

4. Place of Residence  

 5. Clinic Where You Used to Take Drugs 

SECTION B: HIV KNOWLEDGE 

To see how much, you know about the virus (HIV) and AIDS. This is not a test, so feel 

free to say you “don’t know” if you do not know the answer. 

Please answer either “true”, “false” or “don’t know” to the questions below 

  True  False   

Don’t 

Know 

1 It is possible to get HIV from having many sexual partners    

2 It is possible to get HIV from a blood transfusion    

3 It is possible to get HIV from using public toilets    

4 It is possible to get HIV from donating blood    

5 It is possible to get HIV from mosquito bites    

6 It is possible to get HIV from sharing food/utensils with a 

person who has HIV/AIDS 

   

7 A person infected with HIV can transmit the virus to his/her 

sexual partner during sex without a condom 

   

8 Using a condom every time you have sex can protect against 

HIV transmission baby during pregnancy 
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9 A pregnant woman with HIV can transmit the virus to her 

baby during delivery 

   

10 A woman with HIV can transmit the virus to her baby during 

breastfeeding 

   

11 All pregnant women with HIV/AIDS will have babies born 

with HIV 

   

12 You can always tell that a person has HIV/AIDS by just 

looking at him/her 

   

13 There is a cure for HIV/AIDS    

14 Taking HIV medication (ARVs) can help reduce severity of 

HIV infection  

   

 

SECTION C: HIV Treatment Knowledge (TK)  

Please answer either “true”, “false” or “don’t know” to the questions below 

  True  false I Don’t 

Know 

1 Once the HIV viral load results are ‘undetectable’, HIV 

medications should be stopped 

   

2 If HIV medications are not taken at the right time of day, 

HIV drug resistance can occur 

   

3 HIV is cured when the HIV viral load blood test result 

is ‘undetectable’ 

   

4 Condoms during sex are not needed when the HIV viral 

load blood test results are at ‘undetectable’ levels 
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5 It is better to take a half dose of HIV medications than 

stopping HIV medications completely. 

   

6 Treatments are available to reduce HIV medication side 

effects.  

   

7 Recreational drugs (e.g., cocaine) can affect the 

effectiveness of HIV medications. 

   

8 There currently exists an HIV vaccine that prevents HIV 

infection 

   

 

SECTION D: HIV MEDICATION ADHERENCE  

Please tell us what you are doing. Don’t worry about telling us that you don’t take all your 

pills. We need to know what is happening, not what you think we “want to hear.”  

The following questions are about your HIV medication regimen. If you took only a 

portion of a dose on one or more of these days, please report the dose(s) as being missed.  

 During the past 4 days, on how many days have you missed taking all your doses?  

0  None  

1  One day  

 Most HIV medications need to be taken on a schedule, such as “2 times a day” or “3 

times a day” or “every 8 hours.” How closely did you follow your specific schedule 

over the last four days?  

0  None of the days  

1  1 day  

2  2 days  

3  3 days  

4  All 4 days  

Does any of your HIV medications have special instructions, such as “take with food” 

or “on an empty stomach” or “with plenty of fluids?”  

1  Yes  

2  No  



76 
 

If Yes, how often did you follow those special instructions over the last four days?  

0  None of the days  

1  1 day  

2  2 days  

3  3 days  

4  All 4 days  

Some people find that they forget to take their pills on the weekend days. Did you 

miss any of your HIV medications last weekend— last Saturday or Sunday?  

1  Yes  

2  No  

When was the last time you missed any of your HIV medications? Check one.  

0  Within the past week  

1  1-2 weeks ago  

2  2-4 weeks ago  

3  1-3 months ago  

4  More than 3 months ago  

5  Never skipped/missed medications 

During the last 7 days how many times, in total did you take one or more of your 

ARV’S_______________ 

How would you rate your adherence over the last months (tick one)? 

0  Very Poor 

1  poor  

2  Fair  

3  Good  

4  Very Good  

5  Excellent  

 

 



77 
 

Section E. Morisky Medication Adherence Scale (NASCOP 2016) 

MMAS-8: Ask the patient each question below. Circle the corresponding score for each 

response. After completion of all questions, add up all the points you have circled for 

the total score.  

NO Question YES NO 

1. Do you ever forget to take your medicine?  1 0 

2. Are you careless at times about taking your medicine?  1 0 

3. Sometimes if you feel worse when you take the medicine, 

do you stop taking it?  

1 0 

4. When you feel better, do you sometimes stop taking your 

medicine?  

1 0 

5. Did you take your medicine yesterday?  0 1 

6. When you feel like your symptoms are under 

control, do you sometimes stop taking your 

medicine?  

  

 

1 0 

7. Taking medication every day is a real 

inconvenience for some people. Do you ever feel 

under pressure about sticking to your treatment 

plan?  

  

 

1 0 

8. How often do you have difficulty remembering to take all 

of your medications? (Please circle the correct answer 

below)  

A. Never/rarely  

B. Once in a while  

C. Sometimes  

D. Usually  

E. All of the time  

 

A. 0  

B. ¼  

C. ½  

D. ¾  

E. 1  

 

 

9. Total Score (sum of all items)    

Interpretation of MMAS-8 Score 

MMAS-8 

Score 

Adherence Rating Action Required 

0 Good  

 

Continue with routine monitoring, 

counseling, and support  

1-2  

 

Inadequate   Discuss at MDT  

 Assign a client-specific case 

manager  

 Assess barriers to adherence  
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 Engage treatment support staff in 

adherence counseling sessions  

 Follow-up in two to four weeks  

3-8  

 

Poor  

 
 Review client file at next MDT 

meeting  

 Assign a client-specific case 

manager  

 Assess for barriers to adherence, 

and develop solutions to address 

each  

 Engage treatment support staff in 

adherence counseling sessions  

 Implement DOT  

 Follow-up in one to two weeks  
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APPENDIX III: STUDY SITE MAP 

 

 

 

Showing the map of Kenya and Siaya County 
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APPENDIX IV: APPROVAL LETTER 
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APPENDIX V: INSTITUTIONAL ETHICS COMMITTEE (IERC) LETTER
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APPENDIX VI: NACOSTI 

 


