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INTRODUCTION 

Human immunodeficiency virus (HIV) is a retrovirus 

which specifically targets the cluster of differentiation 4 

(CD4) T-lymphocytes in humans, leading to impairment 

in immune responses.[1] There are two types of HIV; 

HIV-1 and HIV-2, with HIV-1 being the more virulent, 

easily transmitted etiologic agent of major HIV 

infections world over.[2] HIV pandemic is the most 

persistent medical challenge so far known to humanity in 

recent time.[3] HIV has killed over 25 million persons in 
the last 30 years.[4] By the end of 2014, about 36.9 

million people were living with HIV globally, and sub-

Saharan Africa was the region most affected having 

about 25.8 million persons living with HIV (WHO, 

2014). About 9% of the global figure above live in 

Nigeria.[5] The prevalence of HIV in Nigeria is 3.4% and 

15.2% in Rivers State, yet the country has a high number 

of people living with HIV infection.[6] This makes 

Nigeria the second largest HIV burden in the world.[7] 

The infection with HIV and subsequent depletion of CD4 

T-cells leads to Acquired Immunodeficiency Syndrome 

(AIDS). AIDS has no cure yet, but the introduction of 

ART has arrested the rate of CD4 T-cell depletion. 
 

The immune system is usually compromised in HIV 

infection, principally resulting from the depletion of CD4 
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ABSTRACT 
This cross sectional study was aimed at evaluating the response of immune parameters in HIV positive subjects on 

antiretroviral therapy in Port Harcourt, Rivers State, Nigeria. A total of three hundred subjects were involved in 

this study out of which two hundred were HIV positive subjects and 100 were HIV negative apparently healthy 

subjects between 20 and 70 years of age who were attending clinic at Braithwaite Memorial Specialist Hospital, 

Port Harcourt. Subjects who had diabetes, tuberculosis, severe malaria as well as pregnant women were excluded 

from this study. Blood samples were collected for the analysis of immune and haematological parameters. CD4 
and CD3 counts were carried out using Fluorescent Activated Cell Sorter Count automation (FACSCount). CD8 

Counts was derived by the subtraction of CD3 values from CD4 values. Total lymphocyte counts and white blood 

cell counts were determined using automated haematology analyzer (Sysmex XP-300). The HIV subjects had 

significant low CD4 counts value of 341.73 ± 84.21 as against the control value of 902.52 ± 33.39 (p<0.0001); 

Total WBC counts of 4.97 ± 1.53 as against control value of 6.34 ± 1.73 (p<0.0001) and CD4/CD8 ratio of 0.316 

± 2.02 as against control value of 1.773 ± 0.35 (p<0.0001). Conversely, CD8 counts of 1082.05 ± 41.63 of HIV 

subjects were significantly higher than the control subjects of 509.09 ± 94.16 (p<0.0001). Meanwhile, there was 

no significant difference (p=0.669) in CD3 counts between the HIV infected (1366.05 ± 181.23) and the control 

subjects (1411.43 ± 179.52). Similarly, there was also no significant difference (p=0.031) between lymphocyte 

counts of HIV subjects (44.03 ± 16.05) and the control (34.48 ± 10.92) (p=0.031). Also, there were no significant 

differences between the parameters among the HIV subjects according to gender. The male CD3 levels were 

1381.27 ± 198.82/ml while the female were 1354.41 ± 169.55/ml (p = 0.862), male CD4 levels were 290.92 ± 
90.54/ml, while that of female were 380.59 ± 78.16/ml (p = 0.209), male CD8 levels were 1223.58 ± 54.12/ml 

while the female were 973.82 ± 55.74/ml (p = 0.061), TWBC for male were 5.07 ± 1.60 x 109/ml and that of the 

female were 4.89 ± 1.50 x 109/ml (p = 0.656) and Lymphocytes in male HIV subjects were 44.59 ± 18.28 x 109/ml 

while the levels for female HIV subjects were 43.60 ± 14.38 x 109/ml (p = 0.820). However, the mean CD4/CD8 

of the male HIV subjects were 0.237±1.67 while the female HIV subjects were 0.391±1.40 (p=0.699) respectively. 

The results from this study indicate that there is incomplete immune reconstitution among HIV subjects on 

antiretroviral therapy. It is recommended that more studies be conducted on the factors that are responsible for this 

phenomenon in HIV subjects on antiretroviral therapy.  
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T-cells. The other cells of the immune system such as 

monocytes, macrophages and dendritic cells are also 

infected by HIV. The macrophages eventually become 

reservoir of HIV infection.[8] HIV attaches to dendritic 

cells through several molecular structures,[9] and they 

concentrate the viral particles before transmitting them to 
CD4 cells. Consequently, there is a reduction in CD4 

cells and eventually reduction in B-cell function in 

synthesis of immunoglobulins. There is also a decrease 

in the number of natural killer cells because the depleted 

CD4 cells cannot produce enough cytokines for their 

activation[8] Also, there is impairment in CD8 T-cells 

function, though the infected by HIV, is impairment 

contributes to the scope of the virus from immune 

control and eventual collapse of the human immune 

system.[10]  

 

Antiretroviral treatment brings about a number of 
benefits to HIV-infected individuals including 

improvement in CD4 counts, viral load suppression and 

reduction in opportunistic infections.
[11]

 However, ART 

has been reported not being able to prevent persistent T-

cell activation,[12] although there was reduction in the 

generation of latently infected cells[13,14] have reported a 

30-35% new cases of infection in high-income countries. 

Diagnosis and treatment of acute and recent HIV 

infection have been noted to be the driver of the HIV 

epidemic.[13] Despite obvious increase in CD4 counts 

there is persistence of immunodeficiency due to HIV.[15] 
Antiretroviral therapy helps to boost the CD4 T-cell 

counts in HIV subjects, by preventing the replication of 

the virus. It is believed that when the CD4 T-cell count 

has been normalized the individual’s immune system 

becomes stronger and consequently becomes 

reconstituted and able to ward off other opportunistic 

infections. However, ART is not able to prevent 

persistent T-cell activation;[12] this has caused therapeutic 

switch as well as abuses. Consequently, there is a failure 

of the immune system, and the individual may eventually 

die. 

 
There is paucity of data within the scope of this study 

especially within the study location as infected HIV 

subjects are burden with drugs resistance, lack of 

immune reconstitution even when they stick adherence 

thus, the study was intended to evaluate the immune 

status of HIV infected subjects on drugs. Also, a 

therapeutic switch should be secondary to an underlying 

factor therefore, the study tried to investigate whether the 

first line ART is no longer potent to warrant a switch to 

second line as assumed and seen in most cases. 

Furthermore, CD4 is the most common routine immune 
parameter assayed in the area of this present study hence, 

the study tried to investigate other immune parameters 

such as CD3, CD8, TWBC and TLC.  

 

The aim of this study was to evaluate the immune 

reconstitution status of HIV subjects who are receiving 

antiretroviral therapy. 

 

MATERIALS AND METHODS 

This cross sectional study was carried out among 

subjects who were attending clinics at Braithwaite 

Memorial Specialist Hospital (BMSH), Port Harcourt, 

Nigeria. Following ethical clearance obtained from 

BMSH ethical committee and the Rivers State Hospitals 
Management Board Research and Ethics Committee and 

informed consent, a total of three hundred subjects (aged 

between 20 and 70 years) and who met inclusion criteria 

were recruited for the study. Two hundred were HIV-

positive subjects, who had been on ART for at least one 

year, while one hundred were HIV-negative apparently 

healthy subjects. Subjects who had diabetes, 

tuberculosis, severe malaria as well as pregnant women 

were excluded from this study. A well-structured 

questionnaire was the study instrument and the subject’s 

record book was used as well as secondary data source 

which some of the information were subjected to 
verification. Five milliliters (5ml) of blood were 

collected from each subject using standard technique. 

The blood samples were dispensed into Ethylene diethyl 

tetracetic acid (EDTA) container for CD4 count as well 

as the other immune and haematological parameters. 

 

CD4 and CD3 counts were carried out using Fluorescent 

Activated Cell Sorter Count automation (FACSCount) 

(Lewis, 2014). CD8 Counts was derived by the 

subtraction of CD3 values from CD4 values. Total 

lymphocyte counts and white blood cell counts were 
determined using automated haematology analyzer 

(Sysmex XP-300). 

 

Statistical Analysis: Data generated from the research 

were analyzed using Excel 2007 programme and SPSS 

(Version 20). Students’ independent t-test was used to 

compare means of parameters between HIV patients and 

the control subjects. P-values less than 0.05 were 

considered statistically significant at 95% confidence 

level. 

 

RESULT 
Table 1 shows Comparison of immunological parameters 

in HIV and control subjects. The HIV subjects had 

significant low CD4 counts value of 341.73 ± 84.21 

while the control value is 902.52 ± 33.39 (p<0.0001), 

TWBC counts of 4.97 ± 1.53 and the control value is 

6.34 ± 1.73 (p<0.0001) and CD4/CD8 ratio of 0.316 ± 

2.02 with a control value of 1.773 ± 0.35 (p<0.0001). 

Conversely, CD8 counts of 1082.05 ± 41.63 of HIV 

subjects were significantly higher than the control 

subjects of 509.09 ± 94.16 (p<0.0001). Meanwhile, there 

were no significant differences in CD3 counts of the HIV 
and control subjects 1366.05 ± 181.23 and1411.43 ± 

179.52 (p=0.669) and lymphocyte counts of HIV 

subjects were 44.03 ± 16.05 and the control were 34.48 ± 

10.92 (p=0.031) respectively.  

 

Table 2 shows Comparison of Immunological 

Parameters for HIV-Infected Patients according to 

Gender. There were no significant differences between 
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the parameters among the HIV subjects according to 

gender. The male CD3 levels were 1381.27 ± 198.82/ml 

while the female were 1354.41 ± 169.55/ml (p = 0.862), 

male CD4 levels were 290.92 ± 90.54/ml, while that of 

female were 380.59 ± 78.16/ml (p = 0.209), male CD8 

levels were 1223.58 ± 54.12/ml while the female were 
973.82 ± 55.74/ml (p = 0.061), TWBC for male were 

5.07 ± 1.60 x 109/ml and that of the female were 4.89 ± 

1.50 x 109/ml (p = 0.656) and Lymphocytes in male HIV 

subjects were 44.59 ± 18.28 x 109/ml while the levels for 

female HIV subjects were 43.60 ± 14.38 x 109/ml (p = 

0.820). However, the mean CD4/CD8 of the male HIV 

subjects were 0.237±1.67 while the female HIV subjects 
were 0.391±1.40 (p=0.699) respectively.  

 

Table 1: Comparison of immunological parameters in HIV and control subjects.  

Variables CD3/ml CD4/ml CD8/ml 
TWBC 

(x10
9
) 

LYM 

(x10
9
) 

CD4/CD8 

HIV Subjects 

n = 200 
1366.05±181.23 341.73±84.21 1082.05±41.63 4.97±1.53 44.03±16.05 0.316±2.02 

Control Subjects 

n = 100 
1411.43±179.52 902.52±33.39 509.09±94.16 6.34±1.73 34.48±10.92 1.773 ±0.35 

p-value 0.669 <0.0001 <0.0001 <0.0001 0.031 0.0001 

Remark N/S Sig Sig Sig Sig Sig 

Sig=Significant; N/S=Non Significant 

 

Table 2: Comparison of Immunological Parameters for HIV-Infected Patients According to Gender. 

N/S=Non Significant 

  

DISCUSSION 

This study was carried out to assess immune 
reconstitution parameters in HIV subjects on 

antiretroviral therapy. In all intracellular infections in 

humans, the response of the T-cells is very important.[16] 

HIV subjects had lower levels of CD3 than control 

subjects, although this was not statistically significant. 

Antiretroviral therapy enhances immunity by reducing 

immune activation and CD3 levels in HIV subjects are 

indicative of the level of cellular immune response[17] in 

the infection. Thus, with the content of the subjects with 

antiretroviral therapy cellular immune responses are 

activated in the subjects. The CD4 level in the HIV 

subjects on HAART was significantly lower than the 
level for control subjects. The observation could be 

attributed to the apoptosis of CD4 T-cells in HIV 

infection.[18] CD4 levels have been used as a marker for 

the staging of HIV, making decisions for the therapy and 

also assessing how effective the treatment has been.[19] 

The significantly lower level of CD4 T-cells in HIV 

subjects in this study could also be due to antiretroviral 

failure that may result from viral mutation and toxicity of 

HIV drugs.[20] This finding agrees with the work of 

Gandhi and Walker (2002)[15], who reported that HIV-

associated immunodeficiency, persists in the subjects. In 
this present study, the CD8 levels of HIV subjects were 

significantly higher than the control subjects. One of the 

features of HIV infection is expansion of the CD8 T 

cells.[21] The proliferation of CD8 cells in HIV infection 

is usually driven by the levels of the viral RNA in the 

body.[22] Therefore, the significantly higher level of CD8 

counts in the HIV subjects may be due to the expansion 
of CD8 cells that accompanies HIV infection. 

 

The CD4/CD8 ratio in this study was significantly lower 

in the HIV subjects than in control subjects. Caby et al., 

(2016)[23] had reported that there is still immune 

activation in HIV infection, even in those receiving 

antiretroviral therapy and that this can lead to the 

depletion of CD4 cells, as well as expansion of CD8 

cells. The depletion in CD4 and expansion in CD8, 

results in the characteristic low CD4/CD8 ratio seen in 

HIV infected subjects.[24] Healthy individuals usually 

have low-grade immune activation but this is accelerated 
in HIV infection therapy causing a deterioration of the 

immune system.[25] HIV therapy reduces immune 

activation.[26] However, individuals treated with HIV 

therapy do not verily achieve similar levels of immune 

activation as healthy individuals.[25]  

 

Furthermore, data from this study also indicate that HIV 

subjects, despite being on therapy, have significantly (p 

<0.0001) lower total white blood cell counts compared to 

the control subjects. This is likely due to the immune 

deficiency that occurs in HIV infection. There is 
apoptosis of CD4 cells in HIV infection.[18] Since CD4 

T-cells are a subset of body’s white blood cells, a decline 

in their population would affect the total white blood cell 

counts. This finding agrees with the work of Chukwuezi 

et al., (2013)[27] who have reported a similar finding. The 

Variables CD3/ml CD4/ml CD8/ml 
TWBC 

(x10
9
) 

LYM 

(x10
9
) 

CD4/CD8 

Males 

n = 86 
1381.27±198.82 290.92±90.54 1223.58±54.12 5.07±1.60 44.59±18.28 0.237±1.67 

Females 

n =114 
1354.41±169.55 380.59±78.16 973.82±55.74 4.89±1.50 43.60±14.38 0.391±1.40 

p-value 0.862 0.209 0.061 0.656 0.820 0.699 

Remark N/S N/S N/S N/S N/S N/S 
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significantly low level of total white blood cells can also 

be due to the myelosuppressive effects of the HIV 

therapy.[28] Obeagu et al., (2014)[29] have reported a 

similar finding from their work. The lymphocyte count 

for the HIV subjects was significantly higher than that of 

control subjects (p = 0.031). It has been reported that 
viral infections result in lymphocytosis.[30] The HIV 

infection elicits an immune reaction in which the 

lymphocytic cells are mobilized to defend the body 

against the infection. 

 

Based on gender, there were no significant differences in 

the levels of all the parameters between male HIV 

subjects and female HIV subjects. The CD3 counts 

between male and female HIV infected subjects did not 

differ significantly. Since CD3 levels reflect cellular 

immune response in HIV subjects,[17] this finding 

indicates that HIV subjects from both genders have 
similar immune response in antiretroviral therapy. 

 

The CD4 level for the female HIV subjects was higher 

than the level for male subjects, although the difference 

was not statistically significant (p=0.209). Menolesau 

and Marinescu, (2013)[31] reported that women tended to 

have a higher CD4 count than male subjects, probably 

because of the immune-modulatory effect sex hormones 

have on viral replication.[32] Generally, women are 

reported to have higher CD4 counts than men, whether 

healthy or infected with HIV, and in cases of HIV 
infection, repopulate their peripheral CD4 T-cells more 

quickly than men when viral replication is suppressed.[33]  

 

Male HIV subjects had higher CD8 levels than the 

female subjects. However, the difference was not 

statistically significant (p=0.061). 

 

Generally, male subjects seem to have a higher risk of 

poor CD4 T-cell response than female subjects, under 

antiretroviral therapy.[34] Several reasons have been 

adduced for this: from higher thymic output in women 

than that of men[35] to the anti-apoptotic effects of sex 
hormones in women.[36] It could also be as a result of 

latter expression of CCR5 on the surface of CD4 cells in 

women than in men.
[37] 

 

However, the female HIV subjects had significantly 

higher CD4/CD8 ratio than male subjects. In healthy 

subjects, the ratio is usually above 1.0 but can fall below 

1.0 in HIV-infected subjects.[38] It will fall further in the 

absence of HIV therapy[39] but normally rises above 1.0 

with antiretroviral therapy.[40]  

 
The results from this study indicate that there is 

incomplete immune reconstitution among HIV subjects 

on antiretroviral therapy. It is recommended that more 

studies need to be conducted on the factors that are 

responsible for this phenomenon in HIV subjects on 

antiretroviral therapy. 

 

 

CONCLUSION 

This study was carried out to determine immune 

reconstitution parameters in HIV positive subjects on 

antiretroviral therapy. The immune reconstitution 

parameters that were determined were significantly 

lower in the HIV positive subjects than in the control 
subjects. In other words, the quality and quantity of CD4 

cells and other immune cells are impaired in the HIV 

subjects, despite their being on HIV therapy. However, 

based on gender, female HIV subjects had higher 

CD4/CD8 ratio, with other parameters being non-

significantly different. This finding indicates that female 

subjects have higher chances of immune reconstitution 

under antiretroviral therapy, than male HIV positive 

subjects. 
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