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ABSTRACT
Introduction: Haematologic and haemostatic abnormalities are common complications of human immunodeficiency virus (HIV) infection. These abnormalities intensify in the course of the disease. In both antiretroviral-treated and naïve individuals, varied types of haematologic and haemostatic abnormalities are common. The human immunodeficiency virus (HIV) is the leading infectious cause of adult death in the world. As HIV disease progresses without treatment, the prevalence and severity of its adverse effects also increase. Antiretroviral treatment (ART) decreases the mortality of HIV positive subjects but increases coagulation disorders. 
Aim of the Study: This study is aimed at assessing the Haematologic and Haemostatic Profiles of Human Immunodeficiency Virus- Positive Subjects on Two Anti-Retroviral Regimens in Port Harcourt, Nigeria. 
Materials and Methods: A total of one hundred and fifty (150) subjects aged (20-79) were recruited for the study from the Rivers State University Teaching Hospital (RSUTH) and University of Port Harcourt Teaching Hospital (UPTH) out of the which, fifty (50) were those on Abacavir Lamivudine Dolutegravir (Abc/3Tc Dtg) (First-line regimen), fifty (50) on Tenoforvir Lamivudine Dolutegravir(TLD) (Second-line regimen), while the remaining fifty (50) were the Naïve subjects used as control. The 5-part Sysmex XP-300 Automated Haematology Analyser was used to analyse the haematologic parameters. The determination of the D-dimer levels was done using the enzyme-linked immunosorbent assay (ELISA) technique. The generated data was expressed as Mean ± Standard deviation, and analysed using Microsoft Office Excel 2007 and Graph Prism Pad version 6.2. Comparisons of mean and standard deviation values were made for the various parameters for HIV-positive patients on First-line antiretroviral therapy, Second-line therapy and Naïve subjects using the Student’s independent t-test. Comparisons between more than two groups were made using the analysis of variance (ANOVA). Results were considered statistically significant at a 95% confidence interval (p<0.05). 
Results: From this study, the WBC value for naïve subjects (5.3 ± 1.0 × 10 9/l) and patients on the First-line drug (5.3 ± 1.5 × 10 9/l) was significantly decreased when compared with (6.0 ± 1.7 × 10 9/l) in subjects on the Second- line (p= 0.0256). The lymphocyte value for naïve subjects (2.1 ± 0.68 × 10 9/l) was found to be significantly decreased when compared with 2.2 ± 0.93 × 10 9/l and 2.7 ± 1.3 × 10 9/l in subjects on the First-line and Second-line, respectively (p= 0.00068). The haemoglobin (HB) values for naïve subjects (10 ± 2.2 g/dl) were found to be significantly decreased when compared with 13 ± 1.5 g/dl in subjects on the First-line drugs and for subjects on the second-line drugs (p= 0.0001).  The Neutrophil to lymphocyte ratio (NLR) value for naïve subjects (1.7 ± 1.2) was found to be significantly increased when compared with 1.2 ± 0.68 and 1.1 ± 0.99 for First and Second line, respectively (p= 0.0070). Prothrombin time for naïve subjects (12 ± 2.8 sec) and subjects on the second-line drug (12 ± 2.4 sec) was found to be significantly decreased when compared with 14 ± 3.3 sec in subjects on the First-line drug (p=0.004). The APTT for naïve subjects (28 ± 5.3sec) was significantly decreased when compared with the First-line drug (33 ± 13 sec) and second-line drug (30 ± 7.3 sec) (p= 0.0091). The D-dimer levels for naïve subjects (537 ± 84 mg/dl) were significantly increased when compared to 160± 30 mg/dl for first-line and 308± 98 mg/dl for Second-line drugs (p < 0.0001) 
Conclusion: There was a significant decrease in most parameters of the Naïve subjects, due to their immunocompromised state. And also significant differences were noted in the haemostatic parameters between the first-line and second-line when compared to the Naive subject. Inflammatory markers, such as the neutrophil-to-lymphocyte ratio (NLR) and monocyte percentages, demonstrated the influence of ART in reducing systemic inflammation, with first-line treatment leading to improved immune balance. The persistence of elevated inflammatory markers in some second-line patients, however, emphasises the need for continuous monitoring and tailored treatment strategies.
Key Words: Hematologic, Haemostatic, Human Immunodeficiency Virus-Positive Subjects, Antiretroviral regimen, First-line, Second-line, Naïve

1.0 INTRODUCTION
The human immunodeficiency virus (HIV) is the leading infectious cause of adult death in the world (WHO, 2020).  HIV continues to be a major global public health issue; it infects vital cells in the human immune system, such as helper T cells (specifically CD4+T cells), macrophages, and dendritic cells (Oloro et al.,2022). Untreated disease caused by the human immunodeficiency virus (HIV) has a case fatality rate that approaches 100 per cent (WHO, 2020). Acquired immunodeficiency syndrome (AIDS) has torn apart families and caused untold suffering in the most heavily burdened regions. In hard-hit areas, including some of the poorest parts of the world (WHO, 2020), HIV infection has reversed gains in life expectancy registered in the last three decades of the 20th century. 
 Human immunodeficiency virus infection is a major global health emergency (Abhishek and Alison, 2019).  Human immunodeficiency virus is a virus that causes infection only in humans and is only transmitted from humans to humans.  Zoonotic transmission does not take place (Kamble,2021). The symptoms of HIV vary depending on the stage of infection. Though people living with HIV tend to be most infectious in the first few months after being infected, many are unaware of their status until the later stages (WHO, 2020). In the first few weeks after initial infection, people may experience no symptoms or an influenza-like illness, including fever, headache, rash or sore throat (WHO, 2020). As the infection progressively weakens the immune system, they can develop other signs and symptoms such as swollen lymph nodes, weight loss, fever, diarrhoea and cough (WHO, 2020). Without treatment, they could also develop severe illnesses such as tuberculosis (TB), cryptococcal meningitis, severe bacterial infections and cancers such as lymphomas and Kaposi’s sarcoma (WHO, 2020). The alarming rate at which tuberculosis with HIV kill people in Nigeria has become a worrisome problem; it is therefore necessary to monitor the prevalence of tuberculosis and the HIV situation in Nigeria (Ologunde et al.,2021).
Human immunodeficiency virus (HIV) continues to be a major global public health issue, having claimed 34.7 million (26.0-45.8 million) lives so far (WHO, 2020). Due to gaps in HIV services, the world health organization (WHO) report indicated that at the end of 2020, an estimated 37.6 million (30.2-45.0 million) people were living with HIV worldwide with about 1.5 million (1.1-2.1 million) new infections and about 690, 000 HIV- related deaths (WHO, 2020).  Human immunodeficiency virus (HIV) is reported to contribute greatly to the disease burden in the world, especially in Africa (WHO, 2019).  
Nigeria is one of the countries in the world with the highest number of people living with HIV. Human immunodeficiency virus infection remains a leading contributor to the burden of disease and a significant public health threat for the country with about an estimated 1.9 million persons living with HIV (NACA, 2021), of which Rivers State has a prevalence rate of 3.8% of the total number of people living with HIV in Nigeria making it the third highest in the country (NACA, 2021). The distribution of HIV burden across age bands indicates that 12% of persons living with HIV are between the ages of 0-14 years while 75% are between 15-49 years and 13% are 50 years and above with females having a significantly higher burden compared to men (NACA, 2021).                                             
There is presently no cure for HIV/AIDS; however, several medications are available to control the multiplication of the HIV and prevent complications. These drugs are referred to as antiretroviral therapy (ART), which is usually a combination of three or more drugs from different classes. To preserve viral suppression and prevent viral resistance, combination antiretroviral therapy is increasingly utilised to lower the risk of HIV disease progression and death. Clinical end points are no longer as important in clinical trials as a decline in viral load as a sign of a successful therapeutic response. Regardless of CD4+ level, patients with a viral load of more than 5,000 to 20,000 copies per mL are recommended to consider starting antiretroviral medication (Ford et al., 2015). 
A patient undergoing effective combination therapy should experience a minimum 10-fold reduction in viral load within three to four weeks of treatment. Four to six months after starting a new regimen, the objective is to reduce the viral load as much as possible, ideally to undetectable levels (Cohen et al., 2016). Antiretroviral drug selection is based on the patient's medical history, drug-drug interactions, side effects, and current treatment failure. It also takes into account the patient's knowledge and attitudes about these drugs, which may impact their desire for a similar regimen (Zolopa et al., 2009).  These ART drugs are grouped into different categories. The combination therapy used for this research is Lamivudine, Dolutegravir, Abacavir and Tenoforvir; they all fall into different categories of ART as follows :
Lamivudine: Lamivudine is in a class of medications called nucleoside reverse transcriptase inhibitors (NRTIs)(Gandhi et al., 2023). It works by decreasing the amount of HIV and hepatitis B in the blood. Lamivudine's mechanism of action involves its conversion to active metabolites that inhibit viral DNA synthesis by interfering with reverse transcriptase, the enzyme used by viruses like HIV and HBV to replicate. It does this by being incorporated into the viral DNA chain and acting as a chain terminator, preventing further elongation. Lamivudine is converted by phosphorylation to its active triphosphate form (3TC-TP) by cellular kinases. The 3TC-TP metabolite competes with natural cytidine triphosphate (García-Trejo et al., 2021), the building block for DNA, for incorporation into the viral DNA chain by the reverse transcriptase enzyme. Once incorporated into the DNA chain, 3TC-TP lacks the 3'-hydroxyl group needed for the formation of the 5' to 3' phosphodiester linkage, essential for DNA chain elongation. This prevents the viral DNA from being extended, halting viral replication. 
Doltegravir: Dolutegravir is in a class of medications called HIV integrase inhibitors (Max and Vibhakar et al., 2014). It works by decreasing the amount of HIV in your blood and increasing the number of immune cells that help fight infections in your body. Its mechanism of action involves the inhibition of HIV integrase, an enzyme crucial for HIV replication. It works by binding to the active site of integrase, blocking the crucial strand transfer step where HIV DNA is integrated into the host's DNA (Yadav et al., 2018). The strand transfer step is essential in the HIV replication cycle and results in the inhibition of viral activitythus preventing the virus from replicating and spreading. 
ABACAVIR: Abacavir is in a class of medications called nucleoside reverse transcriptase inhibitors, also called NRTIs (Inzaule et al., 2020). It works by interfering with the HIV-1 reverse transcriptase enzyme, which is essential for the virus to replicate. Specifically, abacavir is metabolised to carbovirtriphosphate, which competes with dGTP (deoxyguanosine-5'-triphosphate), a natural substrate for the enzyme. This competition leads to the inhibition of viral DNA elongation and ultimately, the inhibition of viral replication (Kamzeeva et al., 2023). It's also known as Ziagen and is often combined with other antiretroviral drugs. Abacavir is generally well-tolerated, but can cause hypersensitivity reactions in some individuals, especially those carrying the HLA-B*57:01 allele. 
Tenofovir: Tenofovir belongs to a class of antiretroviral drugs known as nucleotide analogue reverse transcriptase inhibitors (NtRTIs), which block reverse transcriptase (Singhand Das, 2022), an enzyme necessary for viral production in HIV-infected individuals. This enables the management of HIV viral load and the treatment of Hepatitis B infection through decreased viral replication. Tenofovir disoproxil fumarate is the fumarate salt of the prodrug tenofovir disoproxil. Tenofovir disoproxil is absorbed and converted to its active form, tenofovir, a nucleoside monophosphate (nucleotide) analogue. Tenofovir is then converted to the active metabolite, tenofovir diphosphate (Xiao et al., 2022), a chain terminator, by constitutively expressed enzymes in the cell. Tenofovir diphosphate inhibits HIV-1 reverse transcriptase and the Hepatitis B polymerase by direct binding competition with the natural deoxyribonucleotide substrate (deoxyadenosine 5’-triphosphate) and, after integration into DNA, causes viral DNA chain termination.
METHODOLOGY
2.0 AIM OF THE STUDY
This study is aimed at assessing the Haematologic and Haemostatic Profiles of Human Immunodeficiency Virus-Positive Subjects on Two Anti-Retroviral Regimens in Port Harcourt, Nigeria.
2.2 STUDY AREA
 This study was carried out between May 2023 to February 2024 at the HIV clinic of University of Port Harcourt Teaching Hospital and Rivers State University Teaching Hospital, both of which are tertiary healthcare services for medical education and training/research in Port Harcourt Rivers State, PortHarcourt being the capital city of Rivers State and one of the thirty-six States of Nigeria. Rivers state is located in the Niger Delta region of southern Nigeria (Britanica 2021) Rivers State borders include Imo and Anambra to the north, Abia and Akwa Ibom to the east, and Bayelsa and Delta to the west, with a population of  9,898,470  inhabitants,  with its geographical coordinates as 4°45′N 6°50′E.
2.3 SAMPLE COLLECTION
Ten millilitres (10ml) of venous blood was collected from each subject using standard venipuncture techniques and dispensed into sample bottles as follows: 3ml into K3EDTA for determination of haematological parameters, 2ml into plain for D-dimer assay and 5ml into trisodium citrate bottles for the assay of haemostatic parameters.
2.4 SAMPLE ANALYSIS
The haematological parameters were analysed using the 5-part Sysmex XP-300 Automated Haematology Analyser.
The determination of the D- D-dimer levels was done with an enzyme-linked immunosorbent assay (ELISA)technique, and the determination of the PT and APTT was done manually using AGAPE reagents.
2.5 DATA ANALYSIS
The generated data was expressed as Mean ± Standard deviation, and analysed using Graph Pad Prism version 6.2. Comparisons of mean and standard deviation values between two groups were made using the Student’s independent t-test. Comparisons of more than two groups were made using the analysis of variance (ANOVA). Results were considered statistically significant at a 95% confidence interval (p<0.05).


 RESULTS 
This study was carried out the haemostatic and haematological parameters of HIV positive subjects on Abacavir Lamivudine Dolutegravir (Abc/3Tc Dtg), Tenoforvir Lamivudine Dolutegravir (TLD), and Naïve Subjects as controls.
Table 1 depicts the sociodemographic characteristics of naïve HIV patients, patients on first-line and second-line ART 
Table 1: Sociodemographic Characteristics of naïve HIV Patients, Patients on First-line and Second-line ART 
	Subjects
	Variable
	Frequency (N)
	Percentage (%)

	Naïve
	Age
	
	

	
	≤ 40
	29
	58

	
	> 40
	21
	42

	
	Total
	50
	100

	
	Gender
	
	

	
	Male
	26
	52

	
	Female
	24
	48

	
	Total
	50
	100

	First-line
	Age
	
	

	
	≤ 40
	29
	58

	
	> 40
	21
	42

	
	Total
	50
	100

	
	Gender
	
	

	
	Male
	26
	52

	
	Female
	24
	48

	
	Total
	50
	100

	Second-line
	Age
	
	

	
	≤ 40
	28
	56

	
	> 40
	22
	44

	
	Total
	50
	100

	
	Gender
	
	

	
	Male
	26
	52

	
	Female
	24
	48

	
	Total
	50
	100



Table 2 depicts haematological parameters of naïve HIV patients, patients on first-line and second-line ART.   For white blood cell count (WBC), significant differences were observed (p = 0.0256). naïve and first-line patients both had a WBC of 5.3 ± 1.0 and 5.3 ± 1.5 × 109/L, respectively, which were significantly lower compared to second-line patients (6.0 ± 1.7 × 109/L).
Neutrophil count (NEUT) showed no significant differences between the groups, with values of 3.0 ± 0.93, 2.5 ± 0.94, and 2.5 ± 1.5 × 109/L for naïve, First-line, and Second-line groups, respectively (p = 0.0937). Lymphocyte count (LYMPH) showed significant differences (p = 0.0068), with naïve and First-line patients having similar values (2.1 ± 0.68 and 2.2 ± 0.93 × 109/L, respectively), which were significantly lower compared to the Second-line group (2.7 ± 1.3 × 109/L).
Monocyte count (MONO), eosinophil count (EOSINO), and basophil count (BASO) did not show significant differences between groups. Monocyte values were 0.36 ± 0.47, 0.35 ± 0.095, and 0.31 ± 0.10 × 10^9/L for naïve, First-line, and Second-line groups, respectively (p = 0.5523). Eosinophil and basophil counts were similarly non-significant, with eosinophil values of 0.14 ± 0.23, 0.14 ± 0.10, and 0.095 ± 0.065 × 10^9/L (p = 0.2289), and basophil counts of 0.079 ± 0.41, 0.0, and 0.0 ×  10^9/L, respectively (p = 0.1612).
Neutrophil percentage (NEUT %) showed significant differences between the groups (p < 0.0001). naïve patients had a higher NEUT % (53 ± 13%) compared to both First-line (46 ± 9.5%) and Second-line (42 ± 14%) groups. Lymphocyte percentage (LYMPH %) was also significantly different (p < 0.0001), with naïve patients having a lower lymphocyte percentage (39 ± 11%) compared to First-line (44 ± 9.6%) and Second-line (50 ± 14%) groups. Monocyte percentage (MONO %) was significantly higher in the First-line group (7.2 ± 2.0%) compared to naïve (5.0 ± 2.5%) and Second-line (5.7 ± 2.1%) groups (p < 0.0001).
Basophil percentage (BASO %) was significantly different among the groups (p < 0.0001). naïve patients had a higher basophil percentage (0.28 ± 0.48%) compared to the First-line and Second-line groups, both of which had undetectable basophil levels. Red blood cell count (RBC) showed no significant differences, with values of 4.6 ± 4.4, 4.5 ± 1.0, and 4.3 ± 0.70 × 10^12/L for naïve, First-line, and Second-line groups, respectively (p = 0.8834).
Haemoglobin (HGB) levels were significantly different (p < 0.0001), with naïve patients having a lower haemoglobin level (10 ± 2.2 g/dL) compared to First-line (13 ± 1.5 g/dL) and Second-line (12 ± 1.5 g/dL) patients. Hematocrit (HCT) was also significantly higher in the First-line group (38 ± 4.3%) compared to naïve (31 ± 9.7%) and Second-line (29 ± 4.6%) groups (p < 0.0001).
Mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH) were significantly different across the groups (p < 0.0001). naïve patients had lower values of MCV (76 ± 11 fL) and MCH (26 ± 3.1 pg) compared to First-line (87 ± 7.7 fL and 30 ± 2.8 pg) and Second-line (89 ± 14 fL and 38 ± 4.2 pg) groups. Red blood cell width (RBWC4) was also significantly different, with naïve patients having a higher value (16 ± 4.7) compared to First-line (13 ± 0.96) and Second-line (14 ± 1.6) groups (p < 0.0001).
Red blood cell distribution width (RBWDB) was significantly different among the groups (p < 0.0001). Naïve and Second-line patients had higher RBWDB values (49 ± 7.3 and 46 ± 9.0, respectively) compared to the First-line group (42 ± 4.3). Platelet count (PLT) and mean platelet volume (MPV) did not show significant differences between groups, with platelet values of 250 ± 62, 234 ± 63, and 245 ± 62 × 10^9/L, and MPV values of 9.3 ± 1.7, 12 ± 14, and 9.8 ± 2.0 fL for naïve, First-line, and Second-line groups respectively.

Table 2:  Haematological Parameters of Naïve HIV Patients, Patients on First-line and Second-line ART
	Haematological Parameters
	Naïve
	First-line
	Second-line
	F-value
	p-value

	WBC
	5.3 ± 1.0a
	5.3 ± 1.5a
	6.0 ± 1.7b
	3.756
	0.0256*

	NEUT
	3.0 ± 0.93
	2.5 ± 0.94
	2.5 ± 1.5
	2.407
	0.0937

	LYMPH
	2.1 ± 0.68a
	2.2 ± 0.93a
	2.7 ± 1.3b
	5.165
	0.0068*

	MONO
	0.36 ± 0.47
	0.35 ± 0.095
	0.31 ± 0.10
	0.5961
	0.5523

	EOSINO
	0.14 ± 0.23
	0.14 ± 0.10
	0.095 ± 0.065
	1.489
	0.2289

	BASO
	0.079 ± 0.41
	0.0 ± 0.0
	0.0 ± 0.0
	1.848
	0.1612

	NEUT %
	53 ± 13a
	46 ± 9.5b
	42 ± 14b
	10.69
	<0.0001*

	LYMPH %
	39 ± 11a
	44 ± 9.6b
	50 ± 14b
	11.78
	<0.0001*

	MONO %
	5.0 ± 2.5a
	7.2 ± 2.0b
	5.7 ± 2.1a
	12.97
	<0.0001*

	EOSINO %
	1.9 ± 1.8
	2.4 ± 2.3
	2.6 ± 1.9
	1.566
	0.2124

	BASO %
	0.28 ± 0.48a
	0.0 ± 0.0b
	0.0 ± 0.0b
	17.44
	<0.0001*

	RBC
	4.6 ± 4.4
	4.5 ± 1.0
	4.3 ± 0.70
	0.1241
	0.8834

	HGB
	10 ± 2.2a
	13 ± 1.5b
	12 ± 1.5b
	34.94
	<0.0001*

	HCT
	31 ± 9.7a
	38 ± 4.3b
	29 ± 4.6b
	16.23
	<0.0001*

	MCV
	76 ± 11a
	87 ± 7.7b
	89 ± 14b
	18.03
	<0.0001*

	MCH
	26 ± 3.1a
	30 ± 2.8b
	38 ± 4.2b
	20.61
	<0.0001*

	MCHC
	32 ± 3.1
	34 ± 3.0
	33 ± 2.5
	2.984
	0.0537

	RBWC4
	16 ± 4.7a
	13 ± 0.96b
	14 ± 1.6b
	14.96
	<0.0001*

	RBWDB
	49 ± 7.3a
	42 ± 4.3b
	46 ± 9.0a
	10.09
	<0.0001*

	PLT
	250 ± 62
	234 ± 63
	245 ± 62
	0.8706
	0.4209

	MPV
	9.3 ± 1.7
	12 ± 14
	9.8 ± 2.0
	1.960
	0.1445

	PDW
	15 ± 1.9a
	16 ± 1.4b
	16 ± 1.0b
	6.062
	0.0030*

	PCT
	2.2 ± 0.34
	2.2 ± 0.57
	2.4 ± 0.53
	1.086
	0.3402

	PLR
	138 ± 69
	118 ± 52
	124 ± 107
	0.8402
	0.4337

	NLR
	1.7 ± 1.2
	1.2 ± 0.68
	1.1 ± 0.99
	5.129
	0.0070*

	LMR
	14 ± 24
	6.8 ± 4.5
	10 ± 9.1
	2.625
	0.0758


Key: * = Significant at p < 0.05; Means with different superscripts are significantly different from each other (p < 0.05)
Table 3 depicts the Haemostatic Parameters of Naïve HIV Patients, Patients on First-line and Second-line ART.
The mean prothrombin time (PT) for naïve patients was 12 ± 2.8 seconds, which was significantly different from the First-line group (14 ± 3.3 seconds). However, the Second-line group had a mean PT of 12 ± 2.4 seconds, which was not significantly different from the naïve group but was significantly different from the First-line group (F = 8.346, p = 0.0004). This indicates that First-line ART may prolong PT compared to both naïve and Second-line ART patients.
Activated partial thromboplastin time (APTT) also showed significant differences among the groups. The naïve group had a mean APTT of 28 ± 5.3 seconds, which was significantly different from the First-line group (33 ± 13 seconds). The Second-line group, with a mean APTT of 30 ± 7.3 seconds, did not differ significantly from the naïve group but was significantly different from the First-line group (F = 4.851, p = 0.0091). This suggests that First-line ART might be associated with an increased APTT compared to both naïve and Second-line ART.
The international normalised ratio (INR) values followed a similar pattern. The naïve group had a mean INR of 0.90 ± 0.25, which was significantly different from the First-line group (1.1 ± 0.30). The Second-line group had a mean INR of 0.92 ± 0.25, not significantly different from the naïve group but significantly different from the First-line group (F = 9.468, p = 0.0001). This indicates that First-line ART might increase INR compared to both naïve and Second-line ART patients.
D-Dimer levels showed significant differences across all groups. The naïve group had a mean D-Dimer level of 537 ± 84 mg/dL, which was significantly higher than both the First-line (160 ± 30 mg/dL) and Second-line (308 ± 98 mg/dL) groups. Furthermore, the Second-line group was significantly different from the First-line group (F = 309.4, p < 0.0001). This suggests that naïve patients have higher D-Dimer levels, indicating a higher level of coagulation activity, and that First-line ART is associated with lower D-Dimer levels compared to Second-line ART

Table 3: Haemostatic Parameters of Naïve HIV Patients, Patients on First-line and Second-line ART
	Haemostatic Parameters
	Naïve
	First-line
	Second-line
	F-value
	p-value

	PT (secs)
	12 ± 2.8a
	14 ± 3.3b
	12 ± 2.4a
	8.346
	0.0004*

	APTT (secs)
	28 ± 5.3a
	33 ± 13b
	30 ± 7.3a
	4.851
	0.0091*

	INR
	0.90 ± 0.25a
	1.1 ± 0.30b
	0.92 ± 0.25a
	9.468
	0.0001*

	D-DIMER(mg/dl)
	537 ± 84a
	160 ± 30b
	308 ± 98c
	309.4
	<0.0001*


Key: * = Significant at p < 0.05; Means with different superscripts are significantly different from each other (p < 0.05)

4.0 DISCUSSION
This study provides information about the sociodemographic characteristics of HIV patients across three groups: naïve, those on first-line ART, and those on second-line ART. A notable observation is the relatively consistent age distribution across all groups, with more than half of the patients in each group aged 40 years or younger. This reflects a significant presence of younger individuals among the HIV-positive population, a trend often seen globally where young adults are disproportionately affected (UNAIDS, 2024).
From this study, the higher white blood cell (WBC) count observed among second-line ART patients compared to the other groups may reflect either improved immune reconstitution or chronic inflammation resulting from treatment challenges. Immune activation is a known feature of patients on second-line therapy, as prolonged exposure to the virus or treatment-related complications can trigger systemic inflammatory responses (Lv et al., 2021). This finding contrasts with that of Enawgaw et al. (2014), who reported a significant increase in WBC among ART-naïve patients compared to those receiving ART. Their study suggested that untreated HIV infection could provoke an elevated immune response, reflected by higher WBC levels, as the body attempts to counteract the viral load. 
In terms of neutrophil counts, there were no significant differences between the groups, suggesting that ART does not drastically affect neutrophil levels under stable health conditions. This disagrees with that of Enawgaw et al. (2014), who reported a significant increase in absolute neutrophil count among ART-naïve patients compared to those receiving ART. On the other hand, the increased lymphocyte counts observed in second-line ART patients may reflect better immune reconstitution following treatment adjustments, indicating that the immune system can recover even after initial therapy failure. This finding agrees with research showing improved lymphocyte levels among patients switched to second-line therapy due to enhanced viral suppression and immune response (Ndoro et al., 2022). 
No significant differences were found in monocyte, eosinophil, or basophil counts across the three groups, indicating that these parameters are less sensitive to ART stages. However, the differences in neutrophil and lymphocyte percentages between the groups reflect shifts in immune balance. Naïve patients showed a higher neutrophil percentage, which may be due to immune response to active infection, while second-line patients exhibited higher lymphocyte percentages, which could be due to improved immune function following sustained viral suppression. The finding from this study disagrees with that of Enawgaw et al. (2014), which reported significantly higher neutrophil count in ART patients compared to ART-naïve patients.
Red blood cell count (RBC) showed no significant differences across the groups, suggesting that ART does not significantly impact RBC levels in stable patients. However, the haemoglobin (HGB) levels were significantly lower in naïve patients compared to those on ART, highlighting the anaemia often observed in untreated HIV infection (Berhane et al., 2020). Low haemoglobin levels in this group may result from the effects of the disease on erythropoiesis, chronic inflammation, or nutritional deficiencies. These findings contradict those of Martina and Chinemerem (2022), who reported significantly higher haemoglobin and red blood cell levels in ART patients compared to ART-naïve individuals. However, the higher haematocrit levels observed in the first-line ART group align with their study, reflecting improved oxygen-carrying capacity as treatment helps restore health and reduce anaemia. This suggests that while haemoglobin and red blood cell responses may vary, ART consistently contributes to raising haematocrit levels, indicating better management of anaemia in treated patients.
The mean corpuscular volume (MCV) and mean corpuscular haemoglobin (MCH) were also significantly different across the groups. Naïve patients had lower values, which could indicate microcytic anaemia, often associated with untreated HIV infection. This finding disagrees with a study by Martina and Chinemerem (2022), which reported lower MCV and MCH values in naïve patients compared to those who are receiving treatment. In contrast, first-line and second-line ART patients exhibited higher MCV and MCH, reflecting a normalisation of red blood cell production as treatment progresses. No significant difference in the mean corpuscular haemoglobin concentration (MCHC) between the various groups was recorded.
The red blood cell width (RBWC4) and red blood cell distribution width (RBWDB) also showed significant differences, with naïve patients exhibiting higher values. Increased variability in red blood cell size may be attributed to underlying pathological processes in untreated HIV patients. This finding agrees with a study by Al-Kindi et al. (2017), which reported elevated red blood cell width (RBWC4) and red blood cell distribution width in HIV patients. On the other hand, while platelet count and mean platelet volume did not show significant differences, the platelet distribution width (PDW) revealed significant variability, with treatment-naïve patients having lower PDW compared to those on ART. This suggests that treatment may influence platelet size and distribution, which can be reflective of response to ART (Nkambule et al., 2020). This finding agrees with Enawgaw et al. (2014), who observed no significant difference in platelet counts between HIV patients on ART and those not receiving ART. However, their study also reported a significant increase in mean platelet volume (MPV) among ART-receiving patients compared to ART-naïve ones, which contradicts the results of the present study.
The neutrophil-to-lymphocyte ratio (NLR) was significantly higher in naïve patients, which may be attributed to increased immune activation due to the HIV infection. As reported by Zahorec (2021), a higher NLR is often associated with inflammation and can serve as a prognostic marker for various diseases, including HIV. 
For APTT, naïve patients exhibited significantly lower values than those on first-line ART, reflecting a more efficient intrinsic coagulation pathway (Chaudhry









, 2023). The first-line ART group had a higher APTT, suggesting that this therapy may hinder the activation of intrinsic pathway factors (Chaudhry, 2023). The APTT of the second line group did not significantly differ from that of the naïve group but remained lower than that of the first line group, indicating that second line ART may be more conducive to maintaining normal coagulation activity. The INR was significantly higher in the first-line ART group compared to the naïve group, indicating a greater risk of bleeding associated with first-line therapy. This elevation could result from the influence of ART on vitamin K metabolism, affecting the levels of vitamin K-dependent clotting factors (Girolami et al., 2018). The INR in the second line group did not differ significantly from the naïve group, suggesting that second line therapies might mitigate the coagulopathy seen in first line treatments, thereby returning coagulation function toward normal.
D-Dimer levels were significantly higher in naïve patients compared to both first-line and second-line groups, indicating an increased level of coagulation activity and potentially a heightened inflammatory response associated with untreated HIV (Petäjä, 2011). The first line ART group exhibited the lowest D-Dimer levels, suggesting effective management of coagulation and inflammation through therapy. The second line group had higher D-Dimer levels than first line patients but lower than naïve individuals, which may reflect incomplete resolution of the coagulation abnormality or residual inflammation in response to the underlying disease.
4.1 CONCLUSION
The findings in this study emphasise the dynamic relationship between antiretroviral therapy (ART), on haematological parameters and some haemostatic parameters among HIV patients across two treatment regimen stages. Naïve patients demonstrated significant haematological challenges, such as lower haemoglobin and red blood cell counts, reflective of HIV-related anaemia and compromised erythropoiesis. The introduction of first-line ART improved these parameters, indicating the restoration of haematopoiesis and immune regulation. However, patients on second-line therapy exhibited haematological profiles that, in some cases, resembled those of naïve individuals, suggesting ongoing treatment resistance or persistent health challenges.
Platelet indices, such as platelet distribution width (PDW) and mean platelet volume (MPV), were stable across treatment stages, implying that ART has a limited effect on platelet production and morphology. However, the higher variability in platelet size among naïve patients suggests underlying immune dysregulation, which ART appears to mitigate over time. Inflammatory markers, such as the neutrophil-to-lymphocyte ratio (NLR) and monocyte percentages, demonstrated the influence of ART in reducing systemic inflammation, with first-line treatment leading to improved immune balance. The persistence of elevated inflammatory markers in some second-line patients, however, emphasises the need for continuous monitoring and tailored treatment strategies.
4.2 RECOMMENDATION
The findings in this study emphasise the dynamic relationship between antiretroviral therapy (ART), some haemostatic and haematological parameters among HIV patients across various treatment stages. We thereby recommend the following: 

1. Haemostatic parameters of HIV patients should be measured at baseline before commencement of therapy and before going for any invasive procedures or surgeries.
2. More awareness programs should be done about HIV to encourage voluntary testing and early detection to avoid the presentation of AIDS
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