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Abstract 

The immune system is a sophisticated network of chemicals and cells that protects the organism's integrity by getting rid of anything 

that is deemed harmful. The importance of CD8+ T-cells in the suppression of HIV infection has long been recognized. The research 

was a descriptive study to determine the mean values of CD4, CD8, CD4/CD8 ratio, perforin and granzyme B among HIV patients 
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on HAART in part of Southern region of Nigeria, using HIV seropositive patients visiting clinic at Irrua Specialist Teaching Hospital 

and Central Hospital, Uromi Edo State. Information on the HAART status and clinical state of the study participants were obtained 

from their medical records. A total of 88 participants comprising of 58 HIV sero-positive patients on HAART (test) and 30 

apparently healthy participants (control) were recruited for this study. The seropositive patients were further classified into stage I 

(30) and stage II (28). The HIV positive participants were patients with chronic HIV infection who have been on HAART for a 

period ranging from 1 year to over 10 years. All participants have had one or two set of ART drug combination; Zidovudine + 

Lamivudine + Nevirapine and/or Lamivudine + Efavirenz + Tenofovir. The CDC staging method with CD4 count was used to 

classify the study participants (test group) into stages I and II; stage I (CD4 count ≥ 500 cells/µl), stage II (CD4 count 200 to 500 

cells/µl). Stage I participants had significantly (p = 0.000) higher mean CD4 values (880.36 ± 334.60 cells/µl) than stage II subjects 

(400.09 ± 68.03 cells/µl), similarly the mean CD4 values for stage II was significantly (p = 0.000) lower than the control group 

(965.10 ± 129.41 cells/µl). However, there was no significant difference (p = 1.000) between mean CD4 values for stage I and 

control group. The results from the mean CD4/CD8 ratios revealed that stage I had a significant (p=0.02) higher ratio than stage II. 

Also, stage II patients showed significantly (p<0.05) lower ratio than the control group. However, there was non-significant 

difference between stage I group and the control group. There was no significant difference (p = 1.000) in serum PEF values between 

stages I (163.75 ± 23.93 pg/ml) and II (167.21 ± 18.12 pg/ml). However, the sero-positive groups showed significantly (p < 0.05) 

higher PEF values than the control group (137.01 ± 36.71 pg/ml). Granzyme B followed the same pattern with perforin. In 

conclusion, the result of the mean CD4/CD8 ratio in stage II subjects may reveal possible significant immunological failure and a 

higher risk of non-AIDS related complications for that group of patients.  
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Introduction 

The immune system is a sophisticated network of chemicals and 

cells that protects the organism's integrity by getting rid of 

anything that is deemed harmful. Cellular immunity and 

particularly cytotoxic T lymphocytes (CTLs) are the main actors 

in immune response to HIV infection. The importance of CD8+ 

T-cells in the suppression of HIV infection has long been 

recognized [1-4]. Because circulating CD8+ T-cells have a high 

capacity for cytotoxicity, they depend on the expression of 

CD107a, a common marker of degranulation ability, and the lytic 

granule contents, specifically granzymes and perforin [5]. 

Cytotoxic T lymphocytes eliminate virally infected target cells 

mostly by the exocytosis of cytotoxic granules containing 

granzymes and perforin. Studies have indicated that genetic 

mutations or deletions in perforin result in reduced cellular 

cytotoxicity and severe immunodeficiency [6]. Highly active 

antiretroviral therapy (HAART) has been demonstrated to be 

effective in preventing AIDS-related death in people living with 

HIV since its introduction [7]. However, Kroeze et al. [8] 

reported that despite HAART-induced viral suppression, only 

partial immune reconstitution has been seen. Whereas 

antiretroviral medication comes with side effect and the 

predominant adverse effect include; prolonged immunological 

activation and inflammation due to co-infections or residual virus 

replication [9,10]. HIV-positive individuals have higher levels of 

immune activation and inflammation, which has an impact on 

CD8+ T-cells. These changes include: (i) consistently high 

absolute counts [11]; (ii) an increase in the total memory cell pool 

with a skewed differentiation [12]; (iii) high expression of the 

exhaustion marker Programmed Death (PD)-1 and the activation 

markers HLA-DR and CD38 [13]; and (iv) low cytotoxic ability 

[3,14]. According to Perdomo-Celis et al. [15]; Tanko et al. [16], 

HAART can partially restore some of these defects, like the 

persistent increase in their absolute counts, activation state, and 

maturation status. During chronic HIV infection, HIV-specific 

CD8+ T-cell pool exhibit reduced differentiation, decreased 

functionality, enhanced exhaustion, and little-to-no expression of 

perforin [4,17,18]. According to some research, one of the factors 

leading to the progression of HIV infection is the decrease of 

HIV-specific CD8+ T cell cytolytic capability during chronic 

infection [17]. Moreover, persistent CD8+ T cell activation in the 

lack of potent antiviral action may exacerbate the illness and 

ultimately boost viral replication [19]. Many patients experience 

expansion of CD8+ T-cell compartment during ART due to 

bystander activation and continuous residual viral replication, 

which prevents the CD4/CD8 ratio from normalizing [20,21]. A 

low CD4/CD8 ratio is indicative of immunological failure, and 

patients with this ratio also have a greater risk of non-AIDS 

morbidity and death [22]. Monitoring the CD4, CD8, CD4/CD8 

ratio, perforin, and granzyme-B may potentially assist in 

preventing unfavorable disease outcomes. 

Materials and Methods 

Research Design and Study Area 

The research was a descriptive study to determine the mean 

values of CD4, CD8, CD4/CD8 ratio, perforin and granzyme B 

among HIV patients on HAART in part of Southern region of 

Nigeria, using HIV seropositive patients visiting clinic at Irrua 
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Specialist Teaching Hospital and Central Hospital, Uromi Edo 

State. Information on the HAART status and clinical state of the 

study participants were obtained from their medical records. This 

study was carried out in Esan Central and Esan North-East LGA 

in Edo State, Nigeria. This area is located between latitude 6⁰ 10’ 

and 6⁰ 45’ north of the equator and between longitudes 6⁰ 10’ and 

6⁰ 30’ east of the Greenwich Meridian [23]. 

Study Population 

A total of 88 participants comprising of 58 HIV sero-positive 

patients on HAART (test) and 30 apparently healthy participants 

(control) were recruited for this study. The seropositive patients 

were further classified into stage I (30) and stage II (28). The HIV 

positive participants were patients with chronic HIV infection 

who have been on HAART for a period ranging from 1 year to 

over 10 years. All participants have had one or two set of ART 

drug combination; Zidovudine + Lamivudine + Nevirapine and/or 

Lamivudine + Efavirenz + Tenofovir. The CDC staging method 

with CD4 count was used to classify the study participants (test 

group) into stages I and II; stage I (CD4 count ≥ 500 cells/µl), 

stage II (CD4 count 200 to 500 cells/µl) [24,25]. There was 

limited number of stage III participants (CD4 count ≤ 200 

cells/µl), hence were excluded from the study. 

Sample Collection 

Ten milliliters (10mls) of venous blood were collected from each 

patient and dispensed into plain container (5ml) and EDTA 

container (5ml). The samples in plain container were centrifuged 

and serum obtained for the determination of Perforin and 

Granzyme B. The EDTA samples were used for the estimation of 

CD4+ T cells and CD8+ T cells. 

Determination of Serum Perforin 

Serum human perforin was estimated using human PF; PFP 

ELISA Kit (Melsin Medical Co., Limited). 

Principle: The assay uses purified human perforin (PF; PFP) 

antibody to coat microtitre plate wells, make solid-phase 

antibody, then add PF; PFP to the wells. Combined antibody 

which with HRP labeled, become antibody-antigen-enzyme-

antibody complex, after washing completely, add TMB substrate 

solution. TMB substrate becomes blue color at HRP enzyme-

catalyzed, reaction is terminated by the addition of a sulphuric 

acid solution and the color change is measured 

spectrophotometrically at a wavelength of 450nm. The 

concentration of PF; PFP in the samples is then determined by 

comparing the O. D. of the samples to the standard curve. 

Determination of Serum Granzyme B 

Serum Granzyme B was estimated using human Gzms-B ELISA 

Kit (Melsin Medical Co., Limited). 

Principle: The assay uses purified human Gzms-B antibody to 

coat microtitre plate wells, make solid-phase antibody, then add 

Gzms-B to the wells. Combined antibody which with HRP 

labeled, become antibody-antigen-enzyme-antibody complex, 

after washing completely, add TMB substrate solution. TMB 

substrate becomes blue color at HRP enzyme-catalyzed, reaction 

is terminated by the addition of a sulphuric acid solution and the 

color change is measured spectrophotometrically at a wavelength 

of 450nm. The concentration of Gzms-B in the samples is then 

determined by comparing the O. D. of the samples to the standard 

curve. 

Determination of CD4 and CD8 level 

The CD4/CD8 count was determined using the BD 

FACSCount™ System [26]. 

Principle: The BD FACSCount™ System work based on the 

principle of a direct two-colour immunofluorescence method. 

When whole blood is added to the tubes of a sample reagent pair, 

the fluorochrome-labelled antibodies bind specifically to antigens 

on the surface of lymphocytes (CD4 or CD8). The FACSCount 

instrument detects two colours and measures relative cell size. 

The CD3 cells will fluoresce red and the CD4 and CD8 cells will 

fluoresce yellow when analysed on the FACSCount instrument. A 

known number of reference beads is contained in each reagent 

tube and functions as fluorescence and quantitation standard for 

calculating the absolute counts for the CD4+, CD8+, and CD3+ T 

lymphocytes. Fixative solution is added to the stained samples 

prior to analysis to preserve the integrity of the antibody binding. 

No lysing is necessary 

Statistical analysis 

The results were presented as mean ± standard deviation. The 

differences in mean values across the groups were analyzed using 

one-way ANOVA. SPSS statistical package version 22 was used 

in data analysis. Significant levels were considered at p < 0.05. 

Results 

Table 1 shows the socio-demographic characteristics of the study 

population. The participants comprised of 58 HIV sero-positive 

and 30 HIV sero-negative (control) participants. The HIV 

participants were classified according to the Centre for Disease 

Control C4 staging pattern, into stage I and II with 30 and 28 

study participants respectively. The age range of the participants 

was 20 years and above, with majority between 41 to 60 years for 

the sero-positive groups and 20-40 years for the control group. 

Stage I had 7 (23.3%) male and 23 (76.7%) female, stage II had 6 

(21.4%) male and 22 (78.6%) female, while control group had 10 
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(33.3%) male and 20 (66.7%) female. The participants were 

mostly those with chronic HIV infection who have been on ART 

for a period ranging from 1 year to over 10 years. All participants 

have had one or two sets of ART drug combination; Zidovudine + 

Lamivudine + Nevirapine and/or Lamivudine + Efavirenz + 

Tenofovir. Table 2 shows the level of CD4, CD8, CD4/CD8, PEF 

and GRZM in the HIV positive and control groups (mean ± SD). 

Stage I participants had significantly (p = 0.000) higher mean 

CD4 values (880.36 ± 334.60 cells/µl) than stage II subjects 

(400.09 ± 68.03 cells/µl), similarly the mean CD4 values for stage 

II was significantly (p = 0.000) lower than the control group 

(965.10 ± 129.41 cells/µl). However, there was no significant 

difference (p = 1.000) between mean CD4 values for stage I and 

control group. The table shows that there was no overall 

significant difference (p = 0.530) in the mean values of CD8 cells 

count across the groups, even though stage II participants 

recorded the least values (685.09 ± 366.39 cells/µl) while stage I 

participants had the highest values (817.77 ± 349.90 cells/µl). 

Stage I participants showed significantly (p = 0.020) higher 

CD4/CD8 ratio (1.26 ± 0.63) than the stage II (0.73 ± 0.36) 

patients whereas when compared to the control (1.26 ± 0.27) 

group, participants in both HIV stages showed no significant 

difference (p > 0.05). There was no significant difference (p = 

1.000) in serum PEF values between stages I (163.75 ± 23.93 

pg/ml) and II (167.21 ± 18.12 pg/ml). However, the sero-positive 

groups showed significantly (p < 0.05) higher PEF values than the 

control group (137.01 ± 36.71 pg/ml). Granzyme B followed the 

same pattern with perforin. 

Discussion 

The present work was designed to determine the mean values of 

CD4, CD8, CD4/CD8 ratio, perforin and granzyme B among HIV 

patients on HAART in parts of Edo state. The mean CD4 levels 

across the three groups showed that stage I had a considerably 

(p=0.000) higher count than stage II. Comparing stage II to the 

control group, there was a substantial (p=0.000) decrease in 

count. This finding could be the consequence of an increased viral 

load and T-helper cell depletion that occurs when HIV illness 

progresses (from Stage I to II) [27,28]. The decrease in the 

quantity of CD4+ T cells appears to be caused by the effects of 

prolonged immunological activation as well as the immune 

system's progressive inability to produce new T cells in chronic 

infection [29]. There was however non-significant (p>0.05) 

difference between mean CD4 of stage I and control group. This 

outcome aligns with the findings of Gray et al. [30], which 

suggests that antiretroviral therapy can decelerate the progression 

of the illness and perhaps result in a life expectancy approaching 

normal [9].  

Table 1: Socio-Demographic Characteristics of the Study Population. 

 

Table 2: CD4, CD8, CD4/CD8, PEF and GRZM values of the study groups (mean ± SD). 

Group(n) CD4 (cells/µl) CD8 (cells/µl) CD4/CD8 PEF(pg/ml) GRZM(pg/ml) 

Stage I(30) (A) 880.36±334.60 817.77±349.90 1.26±0.63 163.75±23.93 1.92±0.38 

Variables CDC Stage I 

n(%) 

CDC Stage II 

n(%) 

Control 

n(%) 

Age (years) 

 

 

 

 

20-40 13(43.3) 7(25.0) 24(80) 

41-60 16(53.3) 17(60.7) 6(20) 

≥61 1(3.3) 4(14.3) 0(0) 

Total 30(100) 28(100) 30(100) 

 

Gender 

 

Male 

7(23.3) 6(21.4) 10(33.3) 

Female 23(76.7) 22(78.6) 20(66.7) 

Total 30(100) 28(100) 30(100) 

 

ART combination 

 

(Zidovudine 

Lamivudine 

Nevirapine) 

Yes Yes No 

 (Lamivudine 

Efavirenz 

Tenofovir) 

Yes Yes No 

Keys: CDC = Centre for Disease Control; ART = Antiretroviral Therapy; M = Mean; SD = Standard Deviation; Yrs = 

Years, Yes = Subjects have had the ART combination; No = Subjects have not had the ART combination 
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Stage II(28) (B) 400.09±68.03 685.09±366.39 0.73±0.36 167.21±18.12 1.90±0.20 

Control(30) (C) 965.10±129.41 782.10±109.56 1.26±0.27 137.01±36.71 1.29±0.19 

f- value 16.888 0.645 4.553 4.415 16.174 

p-value <0.0001* 0.530 0.017* 0.019* <0.0001* 

A vs B <0.0001* 0.792 0.020* 1.000 1.000 

A vs C 1.000 1.000 1.000 0.032* <0.0001* 

B vs C <0.0001* 1.000 0.048* 0.035* <0.0001* 

 

The clinical management of HIV infection has been led during the 

past thirty years by CD4 count monitoring. These cell counts have 

been utilized in clinical settings to guide diagnostic 

investigations, identify whether to start antiretroviral medication, 

and determine whether to treat opportunistic infections 

prophylactically. The mean CD8 values for stage I patients was 

not significantly (p>0.05) different from stage II patients. 

Similarly, the mean CD8 for HIV sero-positive groups showed 

non-significant difference with the control group. However, it is 

expected that stage II participants should have a higher CD8 

count than stage I and control subjects [31] due to their supposed 

enhanced immunological activation [32]. The result from this 

study, however, might be connected to possible immune 

exhaustion coming from protracted immunological activation 

[33]. According to Younas et al. [35], HIV-positive patients in a 

chronic state gradually lose immune function, including CD8+ T-

cell exhaustion and immune function loss in lymph nodes and 

mucosal tissues. These immune system dysfunctions increase the 

patient's vulnerability to opportunistic infections and cancer. The 

results from the mean CD4/CD8 ratios revealed that stage I had a 

significant (p=0.02) higher ratio than stage II. Similarly, stage II 

patients showed significantly (p<0.05) lower ratio than the control 

group. However, there was non-significant difference between 

stage I group and the control group. According to Parekh et al. 

[29], stage II HIV infection is linked to a more severe form of the 

disease than stage I, and the low ratio in stage II may be explained 

by persistent immunological activation and a gradual decrease in 

CD4+ T cell counts. The CD4/CD8 ratio measurement is crucial 

in identifying a subset of patients with significant immunological 

failure and a higher risk of non-AIDS related pathology. These 

individuals may benefit from more active care of risk factors for 

age-related disorders and more thorough screening for conditions 

unrelated to AIDS [15,36]. Statistical data from this study showed 

that the mean serum perforin and granzyme-B for stage I patients 

did not differ substantially (p>0.05) from stage II group. By 

comparison, the sero-positive groups had significantly (p<0.05) 

higher mean values of serum perforin and granzyme-B than the 

control group. The substantial increase in these cytolytic 

molecules for the sero-positive cohort could be linked to the 

extensive immunological expansion and activation due to HIV 

infection. According to Baral et al. [31], the CD8+ T-cell pool in 

HIV infection is highly activated and primed for significant 

cytotoxic effector activity, but this capacity decreases in the 

chronic phase of infection. These granule-bound cytolytic 

chemicals (perforin and granzyme) are secreted by CD8+ T 

lymphocytes, which subsequently destroy target cells [37]. 

Perforin creates holes in the cell membrane and facilitating the 

release of granzyme [6]. Granzyme activates caspase cascade, 

which eventually induce apoptosis [38]. 

Conclusion 

In conclusion, the result of the mean CD4/CD8 ratio in stage II 

subjects may reveal possible significant immunological failure 

and a higher risk of non-AIDS related complications for that 

group of patients. These individuals may benefit from more active 

care of risk factors for HIV complication and more thorough 

screening for non-AIDS pathology and possible secondary 

infection. The higher mean values of perforin and granzyme in 

the sero-positive groups than the control group may reflect the 

vital role of CD8 T-cells’ cytolytic function in eliminating the 

viral pathogen during HIV infection. 

Acknowledgements 

The authors would like to acknowledge the management of 

Central Hospital Uromi and Irrua Specialist Teaching Hospital 

Irrua Edo State, Nigeria for creating the enabling environment for 

this study. Thanks to all the Laboratory and technical staff of Sun-

Care Medical Diagnostics, Uromi, Edo State, Nigeria ably 

managed by Mrs. Okparaku, G. O. for their excellent assistance 

and for providing laboratory services and technical assistance. 

Disclosure of Conflict of Interest 

The authors declare no conflicts of interest. The authors alone are 

responsible for the content and the writing of the paper. 

Statement of ethical approval 



 Okparaku, SunText Rev Virol (2024), 5: 1 

    

Citation: Okparaku SO, Iyevhobu KO, Okoro ME, Obohwemu KO, Eigbedion AO, Asibor E, et al. (2024) Assessment of CD8, CD4/CD8 
Ratio, Serum Perforin and Granzyme-B Levels in Chronic HIV Infection. SunText Rev Virol 5(1): 155. 

  

Ethical approval was obtained from the ethics and research 

committee of Ambrose Alli University, Ekpoma 

(NHREC/12/06/2013), and informed consent of the patients was 

obtained before sample collection. 

Funding 

This research did not receive any grant from funding agencies in 

the public, commercial, or not-for-profit sectors. 

Authors’ Contribution 

The entire study procedure was conducted with the involvement 

of all writers. 

Statement of informed consent 

Informed consent was obtained from all individual participants 

included in the study. 

References 

1. McBrien JB, Kumar NA, Silvestri G. Mechanisms of CD8+ T cell-

mediated suppression of HIV/SIV replication. Euro J Immunol. 

2028; 48: 898-914.  

2. Babatope IO, Esumeh FI, Iyevhobu KO, Okodua MA, Oisadebamen 

SM, Ifeonu OJ, et al. Seroprevalence of HIV I & II Antibodies 

among Students of a State-Owned University in South-South 

Nigeria. Biomed J Scient Tech Res. 2024; 59: 51255-51260.  

3. Okparaku SO, Agbakoba NR, Chukwuanukwu RC, Iyevhobu KO, 

Okwelogu IS. Correlation Pattern of Selected Markers among Non-

Naïve HIV Participants in Edo Central, Nigeria. International J 

Current Microbiol Applied Sci. 2024a; 13: 97-106. 

4. Okparaku SO, Agbakoba NR, Chukwuanukwu RC, Iyevhobu KO. 

Variation blueprints: A prospective cohort study of chronic HIV 

infected subjects on HAART. World J Adva Res Reviews. 2024b; 

21: 1854-1862. 

5. Liechti T, Roederer M. OMIP‐060: 30‐parameter flow cytometry 

panel to assess T cell effector functions and regulatory T cells. 

Cytometry Part A. 2019; 95; 1129-1134. 

6. Zhang G, Zheng G, Jiang F, Wu T, Wu L. Granzyme B and perforin 

produced by SEC2 mutant-activated human CD4+ T cells and 

CD8+ T cells induce apoptosis of K562 leukemic cells by the 

mitochondrial apoptotic pathway. Int J Biol Macromolecules. 2021: 

190: 284-290. 

7. Iyoha UJ, Iyevhobu KO, Ebode NO, Iredia QI, Alao BM, Okodua 

MA, et al. Assessment of the Prevalence of Hepatitis B Virus 

Infection among people living with HIV visiting a Tertiary Health 

Institution in Edo State. Int J Scienti Res Publications. 2024; 14: 61-

69.  

8. Kroeze S, Wit F, Rossouw T, Steel H, Kityo C, Siwale M, et al. 

Plasma biomarkers of HIV-related systemic inflammation and 

immune activation in sub-Saharan Africa before and during 

suppressive antiretroviral therapy. J Infect Diseases. 2019; 220: 1-5 

9. Iyevhobu KO, Obodo BN. Prevalence of Parasitic Infections in 

Relation to CD4+ and Antiretroviral (ART) Usage of HIV Sero-

Positive Patients Attending Irrua Specialist Teaching Hospital 

(ISTH) Irrua, Edo State, Nigeria. Res Reviews J Microbiol Biotech. 

2020; 2: 34-41. 

10. Adewuyi Gm, Iyevhobu Ko, Adewuyi Bt, Momoh Arms, Samuel 

Os, Obohwemu Ko. Seroprevalence of Salmonella infections among 

HIV-Infected Patients in South-South, Nigeria. World J Adv Res 

Reviews. 2024; 24: 1980-1987. 

11. Milanes-Guisado Y, Gutierrez-Valencia A, Trujillo-Rodríguez M, 

Espinosa N, Viciana P, Lopez-Cortes, LF. Absolute CD4+ T cell 

count overstate immune recovery assessed by CD4+/CD8+ ratio in 

HIV-infected patients on treatment. PLoS One. 2018; 13: e0205777. 

12. Serafini B, Rosicarelli B, Veroni C, Mazzola GA, Aloisi, F. Epstein-

Barr virus-specific CD8 T cells selectively infiltrate the brain in 

multiple sclerosis and interact locally with virus-infected cells: clue 

for a virus-driven immunopathological mechanism. J  Virol. 2019; 

93: 1110-1128. 

13. Adland E, Mori L, Laker L, Csala A, Muenchhoff M, Swordy A, 

Goulder P. Recovery of effective HIV-specific CD4+ T-cell activity 

following antiretroviral therapy in paediatric infection requires 

sustained suppression of viraemia. AIDS. 2018; 32: 1413-1422 

14. Knudson CJ, Ferez M, Alves-Peixoto P, Erkes DA, Melo-Silva CR, 

Tang L,et al. Mechanisms of antiviral cytotoxic CD4 T cell 

differentiation. J Virol.2021; 95. 

15. Perdomo-Celis F, Taborda NA, Rugeles MT. CD8+ T-cell response 

to HIV infection in the era of antiretroviral therapy. Front. Immunol. 

2019; 10. 

16. Tanko RF, Soares   AP, Masson L, Garrett NJ, Samsunder N,  

Quarrisha AK. Residual T cell activation and skewed CD8+ T cell 

memory differentiation despite antiretroviral therapy-induced HIV 

suppression. Cli Immunol, United States. 2018; 195: 127-138.  

17. Nguyen S, Deleage C, Darko S, Ransier A, Truong DP, Agarwal D, 

Betts MR. Elite control of HIV is associated with distinct functional 

and transcriptional signatures in lymphoid tissue CD8+ T cells. 

Science Translational Medicine. 2019; 11: eaax4077. 

18. Alrubayyi A, Moreno-Cubero E, Hameiri-Bowen D, Matthews R, 

Rowland-Jones S, Schurich, A. Functional restoration of exhausted 

cd8 t cells in chronic hiv-1 infection by targeting mitochondrial 

dysfunction. Front. Immunol. 2022; 13. 

19. Zicari S, Sessa L, Cotugno N, Ruggiero A, Morrocchi E, Concato C, 

Rocca S, Zangari P, et al. Immune activation, inflammation, and 

non-AIDS co-morbidities in HIV-infected patients under long-term 

ART. Viruses. 2019; 11: 200. 

20. Aldrete S, Jang JH, Easley KA, Okulicz J, Dai T, Chen YN, 

Marconi VC,et al.                                                                                                                                                                                                            

CD4 rate of increase is preferred to CD4 threshold for predicting 

outcomes among virologically suppressed HIV-infected adults on 

antiretroviral therapy. PloS one. 2020; 15:  e0227124. 

21. Bono V, Augello M, Tincati C, Marchetti G. Failure of CD4+ T-cell 

recovery upon virally-effective cART: an enduring gap in the 

understanding of HIV+ immunological non-responders. New 

Microbiology. 2022; 45: 155-172.  

22. Martínez-Sanz   J, Díaz-Álvarez J, Rosas M, Ron R, Iribarren JA, 

Bernal E, et al. Expanding HIV clinical monitoring: the role of CD4, 

CD8, and CD4/CD8 ratio in predicting non-AIDS events. 

EBioMedicine. 2023; 95. 

https://onlinelibrary.wiley.com/doi/full/10.1002/eji.201747172
https://onlinelibrary.wiley.com/doi/full/10.1002/eji.201747172
https://onlinelibrary.wiley.com/doi/full/10.1002/eji.201747172
https://onlinelibrary.wiley.com/doi/full/10.1002/cyto.a.23853
https://onlinelibrary.wiley.com/doi/full/10.1002/cyto.a.23853
https://onlinelibrary.wiley.com/doi/full/10.1002/cyto.a.23853
https://www.sciencedirect.com/science/article/abs/pii/S0141813021019024
https://www.sciencedirect.com/science/article/abs/pii/S0141813021019024
https://www.sciencedirect.com/science/article/abs/pii/S0141813021019024
https://www.sciencedirect.com/science/article/abs/pii/S0141813021019024
https://www.sciencedirect.com/science/article/abs/pii/S0141813021019024
https://ora.ox.ac.uk/objects/uuid:0d60a4fc-7dbf-47ef-9495-a715130a1ae8
https://ora.ox.ac.uk/objects/uuid:0d60a4fc-7dbf-47ef-9495-a715130a1ae8
https://ora.ox.ac.uk/objects/uuid:0d60a4fc-7dbf-47ef-9495-a715130a1ae8
https://ora.ox.ac.uk/objects/uuid:0d60a4fc-7dbf-47ef-9495-a715130a1ae8
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0205777
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0205777
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0205777
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0205777
https://journals.asm.org/doi/full/10.1128/jvi.00980-19
https://journals.asm.org/doi/full/10.1128/jvi.00980-19
https://journals.asm.org/doi/full/10.1128/jvi.00980-19
https://journals.asm.org/doi/full/10.1128/jvi.00980-19
https://journals.asm.org/doi/full/10.1128/jvi.00980-19
https://journals.lww.com/aidsonline/FullText/2018/07170/Recovery_of_effective_HIV_specific_CD4__T_cell.4.aspx
https://journals.lww.com/aidsonline/FullText/2018/07170/Recovery_of_effective_HIV_specific_CD4__T_cell.4.aspx
https://journals.lww.com/aidsonline/FullText/2018/07170/Recovery_of_effective_HIV_specific_CD4__T_cell.4.aspx
https://journals.lww.com/aidsonline/FullText/2018/07170/Recovery_of_effective_HIV_specific_CD4__T_cell.4.aspx
https://journals.asm.org/doi/full/10.1128/jvi.00566-21
https://journals.asm.org/doi/full/10.1128/jvi.00566-21
https://journals.asm.org/doi/full/10.1128/jvi.00566-21
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.01896/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.01896/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.01896/full
https://www.sciencedirect.com/science/article/abs/pii/S1521661618302626
https://www.sciencedirect.com/science/article/abs/pii/S1521661618302626
https://www.sciencedirect.com/science/article/abs/pii/S1521661618302626
https://www.sciencedirect.com/science/article/abs/pii/S1521661618302626
https://www.science.org/doi/abs/10.1126/scitranslmed.aax4077
https://www.science.org/doi/abs/10.1126/scitranslmed.aax4077
https://www.science.org/doi/abs/10.1126/scitranslmed.aax4077
https://www.science.org/doi/abs/10.1126/scitranslmed.aax4077
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.908697/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.908697/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.908697/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.908697/full
https://www.mdpi.com/1999-4915/11/3/200
https://www.mdpi.com/1999-4915/11/3/200
https://www.mdpi.com/1999-4915/11/3/200
https://www.mdpi.com/1999-4915/11/3/200
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227124
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227124
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227124
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227124
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227124
https://newmicrobiologica.org/PUB/allegati_pdf/2022/3/155.pdf
https://newmicrobiologica.org/PUB/allegati_pdf/2022/3/155.pdf
https://newmicrobiologica.org/PUB/allegati_pdf/2022/3/155.pdf
https://newmicrobiologica.org/PUB/allegati_pdf/2022/3/155.pdf
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(23)00339-0/fulltext
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(23)00339-0/fulltext
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(23)00339-0/fulltext
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(23)00339-0/fulltext


 Okparaku, SunText Rev Virol (2024), 5: 1 

    

Citation: Okparaku SO, Iyevhobu KO, Okoro ME, Obohwemu KO, Eigbedion AO, Asibor E, et al. (2024) Assessment of CD8, CD4/CD8 
Ratio, Serum Perforin and Granzyme-B Levels in Chronic HIV Infection. SunText Rev Virol 5(1): 155. 

  

23. Ajibade FO, Olajire OO, Ajibade TF, Fadugba OG, Idowu TE, 

Adelodun B, et al. Groundwater potential assessment as a 

preliminary step to solving water scarcity challenges in Ekpoma, 

Edo State, Nigeria. Acta Geophysica. 2021; 69: 1367-1381. 

24. Kapogiannis BG, Koenig LJ, Xu J, Mayer KH, Loeb J, Greenberg 

L, et al. The HIV continuum of care for adolescents and young 

adults attending 13 urban US HIV care centers of the NICHD-ATN-

CDC-HRSA SMILE Collaborative. JAIDS J Acquired Immune 

Deficiency Syndromes. 2020; 84: 92-100. 

25. Linley L, Johnson AS, Song R, Hu S, Wu B, Hall HI.et al, 

Estimated HIV incidence and prevalence in the United States 2010–

2019. 2021; 26 

26. Xia Y, Li W, Li Y, Liu Y, Ye S, Liu A, et al. The clinical value of 

the changes of peripheral lymphocyte subsets absolute counts in 

patients with non-small cell lung cancer. Translational Oncology. 

2020; 13: 100849. 

27. Hsu DC, Breglio KF, Pei L, Wong CS, Andrade BB, Sheikh V, et 

al. Emergence of polyfunctional cytotoxic CD4+ T cells in 

Mycobacterium avium immune reconstitution inflammatory 

syndrome in human immunodeficiency virus-infected patients. Cli 

Infec Diseases. 2018; 67: 437-446. 

28. Babatope   IO, Esumeh FI, Orhue PI, Iyevhobu KO. Viral Load 

Pattern and Virological Suppression Rate of a Cohort of Hiv-1 

Patients in a Rural Community in Nigeria. European Journal of 

Applied Sciences. 2022a; 10: 8-19. 

29. Parekh BS, Ou CY, Fonjungo PN, Kalou MB, Rottinghaus E, Puren 

A, et al.Diagnosis of human immunodeficiency virus infection. Clin 

Microbiol Reviews. 2018; 32: 1110-1128. 

30. Gray GE, Corey L. The path to find an HIV vaccine. Journal of the 

International AIDS Society.2021; 24. 

31. Baral S, Raja R, Sen P, Dixit NM. Towards multiscale modeling of 

the CD8+ T cell response to viral infections. Wiley Interdisciplinary 

Reviews: Systems Biol Medicine.2019; 11: e1446. 

32. Babatope IO, Esumeh FI, Orhue PI, Iyevhobu KO. CD3, CD4 and 

CD8 Counts of Asymptomatic and Symptomatic HIV-1 Subjects in 

Irrua, Edo State, Nigeria. European J Applied Sci. 2022b; 10: 744-

764. 

33. Warren JA, Clutton G, Goonetilleke N. Harnessing CD8+ T cells 

under HIV antiretroviral therapy. Front. Immunol. 2019; 10: 291. 

34. Obregon-Perko V, Hodara VL, Parodi LM, Giavedoni LD. Baboon 

CD8 T cells suppress SIVmac infection in CD4 T cells through 

contact-dependent production of MIP-1α, MIP-1β, and RANTES. 

Cytokine. 2018; 111: 408-419. 

35. Younas M, Psomas C, Reynes C, Cezar R, Kundura L, Portales P, et 

al. Microbial translocation is linked to a specific immune activation 

profile in HIV-1-infected adults with suppressed viremia. Front. 

Immunol. 2019; 10: 2185. 

36. Nwokorie EA, Omolumen LE, Iyevhobu KO, Okogun GRA. 

Omolumen BA. Evaluation of Cardiovascular Risk Factors and 

Metabolic Abnormalities in HIV Subjects on Therapy. EC 

Microbiology. 2023; 19: 01-23. 

37. Holtz-Bacha C. The kiss of death. Public service media under right-

wing populist attack. European J Communication. 2021; 36: 221-

237. 

38. Hay ZL, Slansky JE. Granzymes: the molecular executors of 

immune-mediated cytotoxicity. Int J Molecul Sci. 2022; 23: 1833. 

https://link.springer.com/article/10.1007/s11600-021-00611-8
https://link.springer.com/article/10.1007/s11600-021-00611-8
https://link.springer.com/article/10.1007/s11600-021-00611-8
https://link.springer.com/article/10.1007/s11600-021-00611-8
https://journals.lww.com/jaids/abstract/2020/05010/the_hiv_continuum_of_care_for_adolescents_and.15.aspx
https://journals.lww.com/jaids/abstract/2020/05010/the_hiv_continuum_of_care_for_adolescents_and.15.aspx
https://journals.lww.com/jaids/abstract/2020/05010/the_hiv_continuum_of_care_for_adolescents_and.15.aspx
https://journals.lww.com/jaids/abstract/2020/05010/the_hiv_continuum_of_care_for_adolescents_and.15.aspx
https://journals.lww.com/jaids/abstract/2020/05010/the_hiv_continuum_of_care_for_adolescents_and.15.aspx
https://stacks.cdc.gov/view/cdc/112160
https://stacks.cdc.gov/view/cdc/112160
https://stacks.cdc.gov/view/cdc/112160
https://www.sciencedirect.com/science/article/pii/S1936523320303417
https://www.sciencedirect.com/science/article/pii/S1936523320303417
https://www.sciencedirect.com/science/article/pii/S1936523320303417
https://www.sciencedirect.com/science/article/pii/S1936523320303417
https://academic.oup.com/cid/article/67/3/437/4925763
https://academic.oup.com/cid/article/67/3/437/4925763
https://academic.oup.com/cid/article/67/3/437/4925763
https://academic.oup.com/cid/article/67/3/437/4925763
https://academic.oup.com/cid/article/67/3/437/4925763
https://journals.asm.org/doi/full/10.1128/cmr.00064-18
https://journals.asm.org/doi/full/10.1128/cmr.00064-18
https://journals.asm.org/doi/full/10.1128/cmr.00064-18
https://wires.onlinelibrary.wiley.com/doi/full/10.1002/wsbm.1446
https://wires.onlinelibrary.wiley.com/doi/full/10.1002/wsbm.1446
https://wires.onlinelibrary.wiley.com/doi/full/10.1002/wsbm.1446
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.00291/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.00291/full
https://www.sciencedirect.com/science/article/abs/pii/S1043466618302205
https://www.sciencedirect.com/science/article/abs/pii/S1043466618302205
https://www.sciencedirect.com/science/article/abs/pii/S1043466618302205
https://www.sciencedirect.com/science/article/abs/pii/S1043466618302205
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.02185/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.02185/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.02185/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.02185/full
https://journals.sagepub.com/doi/full/10.1177/0267323121991334
https://journals.sagepub.com/doi/full/10.1177/0267323121991334
https://journals.sagepub.com/doi/full/10.1177/0267323121991334
https://www.mdpi.com/1422-0067/23/3/1833
https://www.mdpi.com/1422-0067/23/3/1833

