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Abstract 
The viral load and clusters of differentiation 4 (CD4) count are key parameters for diagnosis and 
monitoring of disease course and response to treatment in human immunodeficiency virus (HIV) 
infection. However, these tests are expensive and require sophisticated equipment that may be out of 
reach in resource-poor settings. This study assessed the neutrophil-lymphocyte ratio (NLR) and 
platelet-lymphocyte ratio (PLR) and their relationship with viral load and CD4 count among 45 HIV 
patients on highly active antiretroviral therapy (HAART) and 45 matched controls at the HIV clinic 
of the University of Uyo Teaching Hospital, Southern Nigeria. Weight and height measurements were 
used to derive the body mass index (BMI). Viral load, CD4 count, leucocyte, and platelet counts were 
measured by standard techniques, while their ratios were mathematically derived. Means were 
compared using Student's t-test, while Pearson’s correlation coefficient established a relationship 
between the variables on statistical package for the Social Sciences version 20, with P set at ≤ 0.05. 
While the viral load, platelet, NLR, and PLR were significantly higher, the BMI, CD4, total leucocyte, 
and lymphocyte counts were significantly lower for HIV patients compared to controls. Positive 
correlation exists between NLR and PLR, viral load and NLR, and viral load and PLR, while CD4 
count correlated negatively with NLR and PLR. The neutrophil-lymphocyte and platelet-lymphocyte 
ratios could be useful in the estimation and monitoring of viral load and CD4 cell count of HIV patients 
on HAART in resource-poor settings where direct testing is not readily available or affordable. 
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INTRODUCTION 
Infection with human immunodeficiency virus (HIV) remains a public health challenge 
globally and in Nigeria, and combating this infection is a multifaceted task that involves 
preventive measures targeted at reducing prevalence rates as well as effective management 
of already infected persons. According to a World Health Organization report, 85.6 million 
people have been infected since the onset of the human immunodeficiency virus (HIV) 
pandemic, while 40.4 million people have died of HIV as of 2022, thus ranking HIV as an 
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infection of global concern (WHO, 2023). The HIV prevalence for the adult population in 
Nigeria was reported to be 1.4% (NACA, 2017; UNAIDS, 2020).  
 
The Human Immunodeficiency Virus is a member of the “retrovirus family’’ and is classified 
as a lentivirus. Unlike other viruses, retroviruses store their genetic material as ribonucleic 
acid (RNA), which is released upon entry into a host cell (Meissner et al., 2022). Through the 
action of the Reverse Transcriptase, a deoxyribonucleic acid (DNA) copy of the viral RNA is 
produced. This viral DNA is subsequently integrated into the host cell’s genome (UNAIDS, 
2020; WHO, 2024). This integration enables the virus to evade the host’s immune response 
and establish persistent infection (Mouzakis et al., 2025). As a result, there is progressive 
impairment of CD4 T cells function, accompanied by a marked decline in CD4 cell count. Since 
CD4 cells are a subset of lymphocytes, their depletion is reflected in reduced total leukocyte 
and absolute lymphocyte counts (WHO, 2024). 
 
While lymphocyte levels decline during HIV infection, neutrophil counts tend to increase. 
This persistent neutrophilia is attributed to the continuous migration of neutrophils to sites of 
tissue damage caused by chronic inflammation. Neutrophils contribute to the inflammatory 
process through mechanisms such as the release of serine proteases, formation of neutrophil 
extracellular traps, and activation of other immune cells (Herrero-Cervera et al., 2022). In 
addition, chronic inflammation stimulates the production of cytokines such as interleukin-6, 
which enhances thrombopoietin production. This, in turn, promotes increased platelet 
production in the bone marrow, leading to reactive thrombocytosis (Rokkam et al., 2024). 
Platelets are also known to play active roles in immune and inflammatory responses, 
including in HIV infection (Pretorius, 2021; Okon et al., 2025). Consequently, increasing viral 
load in HIV infection is associated with CD4 cell depletion and lymphopenia, alongside 
inflammation-driven neutrophilia and secondary thrombocytosis. 
 
The CD4 cell count is a key biomarker used to assess the progression of HIV infection and the 
development of AIDS. Its depletion serves as an important indicator of immunosuppression 
(Li et al., 2023; Mou et al., 2025). It is also essential for guiding the initiation of antiretroviral 
therapy and monitoring patient response to treatment (Clinical Info HIV, 2022). Similarly, 
viral load measurement is a critical tool for diagnosing HIV infection, monitoring disease 
progression, and evaluating treatment effectiveness (Ochodo et al., 2022). 
 
In resource-limited settings, there is a need for alternative, cost-effective, and easily 
measurable indicators for monitoring disease progression and treatment response. The 
Neutrophil-Lymphocyte Ratio has been identified as a useful marker for assessing the severity 
of inflammatory conditions and response to therapy, while the Platelet-Lymphocyte Ratio is 
used to evaluate the risk of thrombosis associated with chronic inflammation (Akpan et al., 
2023; Obeagu and Obeagu, 2024). Therefore, this study examined the relationship between 
NLR and PLR, as well as their potential value in assessing and monitoring viral load and CD4 
cell count in individuals with HIV infection. 
 
MATERIALS AND METHODS 
Study design and site 
The study adopted a cross-sectional design. The study was carried out at the HIV Clinic of the 
University of Uyo Teaching Hospital, a tertiary health facility in Uyo, South-South Nigeria, in 
2024.  
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Ethical approval and informed consent 
The study protocol was approved by the Health Research Ethical Committee of the University 
of Uyo Teaching Hospital (NHREC/24/06/22.UUTH), with informed consent obtained from 
each study participant. 
 
Study subjects 
Using the national HIV prevalence of 1.4% (UNAIDS, 2020), a minimum sample size of 21 was 
calculated; the number was increased to 45 for improved statistical accuracy (the small sample 
size is a limitation of this study). Test subjects comprised 45 male and female HIV infected 
persons who had been on highly active antiretroviral therapy (HAART) for a mean duration 
of twenty (20) months, while control subjects comprised apparently healthy HIV sero-
negative males and females of similar age drawn from the general population in Uyo. The 
HIV subjects who were pregnant, those on hormonal contraceptives, and those not on HAART 
within the period of study were excluded. 
 
Anthropometric Measurements and determination of body mass index 
Body weight was measured using a stadiometer and recorded in kilograms (kg). Height was 
measured with the subject standing erect, without headgear or footwear, using a metre rule 
fixed against a wall, and recorded in metres (m). Body mass index (BMI) was subsequently 
calculated as the ratio of weight to the square of height and expressed in kg/m². 
 
Data and Sample Collection 
Information on antiretroviral therapy was obtained from the case notes of HIV-positive 
subjects. A total of 3 mL of venous blood was collected from a prominent vein under aseptic 
conditions with minimal stasis. The sample was transferred into a dipotassium 
ethylenediaminetetraacetic acid (K₂EDTA) container, achieving a final concentration of 2 
mg/mL of blood. 
 
Determination of Viral Load and CD4+ Count 
Viral load was determined using the Reverse Transcription Polymerase Chain Reaction 
method with the Abbott RealTime assay. CD4+ cell counts were measured using the Partec 
CyFlow Cytometer (Sysmex, 2006; Abbott Molecular, 2023). 
 
Determination of Leucocyte and Platelet Counts 
Total and differential white blood cell counts, as well as platelet counts, were analysed using 
the HEMIA 5D Differential Analyzer (SicuroBio, 2024). 
 
Calculation of Inflammatory Ratios 
The neutrophil–lymphocyte ratio (NLR), monocyte–lymphocyte ratio (MLR), and platelet–
lymphocyte ratio (PLR) were calculated by dividing the respective absolute cell counts (Zhai 
et al., 2021; Buonacera et al., 2022). 
 
Statistical Analysis 
Data analysis was performed using SPSS. Student’s t-test was used to compare means 
between groups, while Pearson’s correlation coefficient assessed relationships between 
variables. A two-tailed p-value of ≤ 0.05 was considered statistically significant. 
 
RESULTS 
Table 1 presents the BMI, viral load, and CD4 count of HIV patients and control subjects. The 
results showed that BMI and CD4 count were significantly lower (p = 0.001), whereas viral 
load was significantly higher (p = 0.001) among HIV-positive subjects compared to controls. 



Correlation of Neutrophil-Lymphocyte and Platelet-Lymphocyte Ratios with Viral Load and CD4 Count in HIV 
Patients on HAART in UYO, Nigeria   

 

Patience A. A. et al, DUJOPAS 12 (2c): 60-68, 2026                                                                                          63 

 

Table 2 summarizes the total and differential white blood cell counts, platelet counts, and their 
derived ratios. Total white blood cell count and absolute lymphocyte count were significantly 
lower (p = 0.001) in HIV subjects, while platelet counts were significantly higher (p = 0.001) 
compared to the control group. In addition, both neutrophil–lymphocyte ratio (NLR) and 
platelet–lymphocyte ratio (PLR) were significantly elevated (p = 0.001) among HIV subjects. 
Correlation analysis revealed a significant positive relationship between NLR and PLR (r = 
0.571, p = 0.001) in HIV-infected individuals. Furthermore, viral load showed a positive 
correlation with both NLR (r = 0.434, p = 0.001) and PLR (r = 0.512, p = 0.001). Conversely, 
CD4 count demonstrated a significant negative correlation with NLR (r = -0.204, p = 0.002) 
and PLR (r = -0.431, p = 0.001). 
 
TABLE 1 
 Body mass index, CD4 count and viral load of HIV subjects and control 

Parameters HIV subjects  
n=45 

Control subjects 
n=45 

P-value 

Body mass index (kg/m2) 
 

 20.16±3.18 44.11±3.83 0.001 
 

CD4 (cells/mm3) 

 

489.51±155.13 846.74 ±172.06 0.001 
 

Viral load (copies/ml) 38.65 ± 28.84 0.00 ± 0.00 0.001 

 
TABLE 2 
 Leucocytes and platelet count and their derived ratios for HIV subjects and control 

Parameters  HIV subjects  
n=45 

Control subjects 
n=45 

P-value 

Total white blood cell x 109/L 5.06 ± 1.03 5.74 ± 0.94 0.001 
 

Neutrophil x 109/L 2.25 ± 0.67 2.34 ± 0.64 0.510 
 

Lymphocyte x 109/L 2.26 ± 0.53 2.94 ± 0.56 0.001 
 

Monocyte x 109/L 0.33 ± 0.19 0.44 ± 0.26 0.737 
 

Eosinophil x 109/L 0.19 ± 0.11 0.16 ± 0.26 0.427 
 

Basophil x 109/L 0.22 ± 0.01 
 

0.08 ± 0.01 0.001 
 

Platelet x 109/L 315.01±73.64 175.71 ± 23.58 0.001 
 

Neutrophil-lymphocyte ratio 1.04 ± 0.31 0.82 ± 0.28 
 

0.001 
 

Monocyte-lymphocyte ratio 0.16 ± 0.11 0.14 ± 0.14 0.299 
 

Platelet-lymphocyte ratio 148.06 ± 52.02 61.91 ± 13.37 0.001 
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FIG. 1: Correlation between neutrophil-lymphocyte ratio and  
platelet-lymphocyte ratio of HIV subjects 

 

 
FIG. 2: Correlation between viral load versus neutrophil-lymphocyte and platelet-lymphocyte ratios of HIV 
subjects 
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FIG. 3: Correlation between CD4 count versus neutrophil-lymphocyte and platelet-lymphocyte ratios of HIV 
subjects 
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an active role in immune responses; for example, they release mediators such as platelet factor 
4 (CXCL4), which can inhibit HIV entry into neighbouring T-cells. They also facilitate antigen 
recognition by antigen-presenting cells, thereby promoting immune responses (Awamura et 
al., 2023). 
 
However, platelet activation can also have adverse effects. Substances released during platelet 
activation, including β-thromboglobulin, may amplify inflammation and increase the risk of 
thrombosis (Ogweno, 2023). Additionally, platelets have been reported to serve as reservoirs 
for HIV, enabling viral persistence and dissemination (Simpson et al., 2020). Variations in 
platelet count may therefore reflect either a response to antiretroviral therapy or its failure (Li 
et al., 2021). 
 
The study further showed that neutrophil–lymphocyte ratio (NLR) and platelet–lymphocyte 
ratio (PLR) were significantly higher in HIV-infected individuals compared to controls. These 
ratios are important indicators of inflammation and thrombotic risk, respectively. Elevated 
NLR reflects an ongoing inflammatory response, which is characteristic of chronic infections 
(Buonacera et al., 2022; Akpan et al., 2023). Similarly, PLR serves as a marker of inflammation 
and immune dysregulation and has been associated with survival outcomes in HIV-infected 
individuals (Hanberg, 2019; Obeagu and Obeagu, 2024). The elevated PLR observed in this 
study suggests an active systemic response to chronic inflammation. 
 
These findings indicate an increased tendency toward inflammation and thrombosis among 
HIV-infected subjects (Guo and Rondina, 2019; Mandel et al., 2022), further supported by the 
positive correlation between NLR and PLR. Moreover, viral load demonstrated a significant 
positive correlation with both NLR and PLR, indicating that higher levels of viral replication 
are associated with increased inflammatory activity. This suggests that, in settings where viral 
load testing is limited, NLR and PLR—derived from routine full blood count—may serve as 
useful surrogate markers for monitoring disease progression. 
 
Conversely, CD4 cell count showed a significant negative correlation with both NLR and PLR, 
indicating that higher inflammatory ratios are associated with greater immunosuppression. 
This further supports the potential utility of these ratios in monitoring CD4 levels in HIV 
patients receiving HAART. 
 
CONCLUSION  
This study has shown that there is a positive correlation between the neutrophil-lymphocyte 
and platelet-lymphocyte ratios with viral load and a negative correlation between both ratios 
and CD4 count for HIV patients on HAART. It is suggested that the neutrophil-lymphocyte 
and platelet-lymphocyte ratios could be used to assess and monitor viral load and CD4 count 
for HIV patients on HAART in resource-poor settings where direct testing is not readily 
available or affordable. 
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