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ABSTRACT 

This study assessed the effects of HIV and influence of ARVs on some immunological 

parameters (CD4 T-cell and WBC counts) in fifty HIV negative controls, fifty HIV positive 

HAART naive individuals, fifty HIV positive on HAART for 1 to 6 months and fifty on 

HAART for 7 to 12 months. CD4 T-cell was enumerated using a method of Cassens et al.
17

. 

Analysis of total white blood cell count was conducted using the method of Cheesbrough
18

. All 

the HIV positive patient groups have significantly (P<0.05) lower levels of CD4 T-cells 

compared to the HIV negative subjects (control). The CD4 T-cells levels increased in those on 

treatment for 7-12 months compared to other two HIV positive groups, though the increase is 

not statistically significant. The total white blood cell count was significantly (p<0.05) lower in 

the entire three HIV positive groups except those on treatment for 7-12 months when compared 

to HIV negative group. The result suggests that, treatment of HIV positive patients with 

HAART resulted in improved the levels of CD4 T-cell and WBC count.  
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INTRODUCTION 

The Acquired Immunodeficiency Syndrome (AIDS) thus far infected about 21.6 and 24.1 

million people in Sub-Saharan Africa with South Africa having the highest figure followed by 

Nigeria [1]. WHO [2] reported that 9.1 million HIV infected people in Subsaharan Africa are 

receiving antiretroviral therapy in 2013, which makes the region the highest reservoir of people 

living with HIV on HAART worldwide. 

Acquired immunodeficiency syndrome leads to the progressive loss of cellular immunity due to 

metabolic dysfunctions [3].  The progressive loss of cellular immunity is associated with defect 

in immunologic activities of monocytes, neutrophils, natural killer cells and appreciably 

decreased levels of CD4
+
 T-cells [4,5,6].  The complex immune dysfunction in HIV positive 

patients predisposes them to pathogenic infections
7
, opportunistic infections

1
 and neurological 

disorder or unusual malignancies [9]. 

With the introduction of HAART in Nigeria, the ARVs have significantly reduced the morbidity 

and mortality associated with HIV infection [10]. Antiretroviral drugs (ARVs) are known to 

restrain the growth and replication of HIV thereby decreasing the amount of HIV and rebuilds 
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the immune system [11]. Three or four of the drugs are taken in combination, in the approach is 

known as Highly Active Antiretroviral Therapy [12]. 

Quality of life in HIV positive patients is used to express the general sense of health which 

encompasses other feature such as physical, psychological, social, spiritual and environmental 

aspect of the individual’s life as a whole, all of these may be impacted over a period of time by 

disease, a disability or a disorder [13,14,15]. World Health Organization defined quality of life 

“as an individual’s perception of their position in life in the context of the culture and value 

systems in which they live and in relation to their goals, expectations, standards and concerns 

[16]. 

Demographic characteristics, such as age, gender, education, occupation and disease related 

indices such as clinical stage of the disease, opportunistic infection, CD4 T-cell count and WBC 

count have been found to be strongly associated with the quality of life of HIV positive patient 

[14]. 

Although, many studies in some part of the world and our country showed that antiretroviral 

drugs improves the quality of life in HIV positive patients through significant increase in the 

level of CD4 T-cell and WBC count, but none has been documented in this state despite 

disparity in race, socio economic factors and some environmental or ecological influences. 

Thus, the study was planned to ascertain if the influence of this factors can alter the positive 

result of antiretroviral drugs in improving the level of these immunological parameters.  

 

MATERIALS AND METHODS 

Research Location 

The research was carried out in Sokoto State, Nigeria. The sample was collected from HIV 

Clinics of Usmanu Danfodiyo University Teaching Hospital and Specialist Hospital, Sokoto. An 

estimated 70 to 80% of the HIV positive patients in the state receive treatment from the two HIV 

clinics, hence the two centres are the major ART centres and enrolled about three fourth of the 

patients in the state. Sokoto state with population of 3,696,999 people based on 2006 National 

Population Figure has land area of 28,232.37sq kilometres which is located between longitudes 

11
o 

30’ to 13
o
 50’ East and latitude 4

o
 to 6

o
 North. It is bordered in the North by Niger Republic, 

Zamfara State to the East and Kebbi State to the South and West. 

Sample Size 

A total of two hundered (200) samples comprising fifty (50) apparently healthy HIV negative 

volunteers (who give consent to participate in the study), fifty (50) from HIV positive patients 

HAART naïve (pre-HAART), fifty (50) samples from HIV positive patients on HAART for 1 to 

6 months, and fifty (50) samples from HIV positive patients on HAART for 7 to 12 months. 

 

Sampling Technique 

Simple random sampling technique was used in selecting the participant of the study. A list 

containing all the HIV positive patients was provided by the two HIV clinics and used to obtain 

the participants by random selection. The random selection was used to guarantee that each 
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individual has an independent and equal chance of being selected. The method is also very fair 

and unbiased. 

Sample Collection and Sample Treatments 

On enrolment, 5mls of blood sample were collected using multi sample needle with sterile 

vacutainers specimen bottle which was centrifuged for five minutes at 3000g. The serum was 

removed and transferred into serum container by means of disposable transfer pipettes for the 

assay of biochemical parameters. Ethics and Research Committee’s of the two hospitals 

approval were obtained. Patients enrolled were informed using a standard informed consent 

form and written interview to subjects that give their consent to participate in the study. 

 

Methodology  

All the reagents used in the analysis were of analytical grade. For quantitative analysis of CD4 

T-cell method of Cassens et al.[17] was used while for total white blood cell counts a method of 

Cheesbrough [18] was used. 

 

Statistical Analysis 

Statistical analysis was performed using Graph pad Instat version 3.02 (Graph pad Corp., San 

Diego, USA). Data are presented as mean ± SEM. Statistical comparisons between treatments 

were made using analysis of variance (ANOVA) with post hoc Bonferroni test where 

appropriate. A P value <0.05 was taken as statistically significant. 

 

RESULTS 

Table 1: Demographic and Clinical Characteristics of the Respondents. 

CHARACTERISTICS       CONTROL     HAART-NAIVE       1-6 MONTHS     7-12 MONTHS 

Gender  

 Male                28 (56)  12 (24)           18 (36)            14 (28)  

 Female                22 (44)  38 (76)           32 (64)            36 (72) 

Age (years) 

 15-29   14 (28)  24 (48)           28 (56)           15 (30)  

30-44    29 (58)  20 (40)           15 (30)           30 (60) 

 45-59    7 (14)  6 (12)           7 (14)           5 (10) 

Marital Status 

 Single   21 (42)  14 (28)           9 (18)           16 (32) 

 Married   26 (52)  31 (62)           25 (50)           23 (46) 

 Divorced  2 (4)  3 (6)           10 (20)           7 (14) 

 Widowed  1 (2)  2 (4)            6 (12)           3 (6) 

Education 

 Illiterate  2 (4)  18 (36)           17 (34)           20 (40) 
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 Elementary  6 (12)  10 (20)           8 (16)           5 (10) 

 Secondary School 16 (32)   9 (18)           11 (22)           13 (26) 

 Tertiary education 26 (52)  13 (26)           14 (28)           12 (24) 

Occupation 

 Unemployed  2 (4)  14 (28)           10 (20)           17 (34) 

 Civil servants  37 (74)  11 (22)           13 (26)           9 (18) 

 Trading/SCB  10 (20)  16 (32)           18 (36)           14 (28) 

 Others   1 (2)  9 (18)           11 (22)           10 (20) 

Clinical Stage
* 

 Stage I     14 (28)           16 (32)            27 (54) 

 Stage II     19 (38)           23 (46)            23 (46) 

 Stage III    9 (18)           9 (18)            0 

Stage IV    8 (16)           2 (4)            0 

Key: N (Percentage) 

 N: Sample Size (50/group). 
* 
Clinical Stages of HIV infection was based on CD4 cell count: Stage I (>500), Stage II (500-201), Stage 

III (200-50) and Stage IV (<50). 

 

Demographic and Clinical Characteristic of the Study Subjects are presented in Table 1. 

 

For all the categories of the HIV positive patients enrolled into the study, females were the 

majority (being 76%, 64% and 72%) in the treatment naive group, those on treatment for 1-6 

months and 7-12 months on treatment respectively. The males constituted 24%, 36% and 28% 

of the afore-mentioned groups respectively (Table 1). 

 

Majority of the HIV positive patients enrolled into the study were within the age of 15 to 29 

years except those on treatment for 7 to 12 months where patients between the ages of 30 to 44 

years abound. Forty eight percent (48%) and 56% of those not on HAART and that on treatment 

for 1 to 6 months respectively were between the ages of 15-29 years while 60% of patients on 

HAART for 7 to 12 months were between the ages of 30 to 44 years. Additionally, 40% and 

30% of the two HIV positive groups (non-treated and 1 to 6 months on treatment) enrolled were 

within 30-44 years of age, while 30% of the patients on treatment for 7-12 months were within 

the ages of 15-29 years. 

 

Married people constituted the majority being 62%, 50% and 46% of the treatment naive, on 

treatment for 1-6 months and those on treatment for 7-12 months respectively (Table 1). But, 

28%, 18% and 32% of the treatment naïve, on treatment for 1-6 months and those on treatment 

for 7-12 months respectively were single.  

 

Majority of the HIV positive patients were illiterate constituting 36%, 34% and 40% of the 

treatment naïve, on treatment for 1-6 months and on treatment for 7-12 months (Table 1). 

On the analysis of the occupational status of the patients, 28%, 22% and 32% of the treatment 

naive group are unemployed, civil servants and trading or small scale business respectively 
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while for those on treatment for 1-6 months majority (36%) are traders or small scale business 

followed by civil servants, others and unemployed being 26%, 22% and 20% respectively. 

Likewise, for those on treatment for 7-12 months unemployed constituted the majority with 34% 

and trading or small scale business being 28% (Table 1). 

 

In the HIV positive treatment naïve group 28%, 38%, 18% and 16% are in clinical stages I, II, 

III and IV respectively. For those on treatment for 1-6 months 32%, 46%, 18% and 4% of them 

are in clinical stage I, II, III and IV respectively while majority (54%) of those on treatment for 

7-12 months are in clinical stage I as shown in figure 1 below. 

 

 

Table 2: Effects of HIV and HAART on Immunological Indices of the Respondents in 

Sokoto. 

 

PARAMETERS     Age (years)             CD4 T-Cell (cell/µL)          WBC-Count (x10
9
 µ/L) 

 

GROUPS  

Control           35.6±1.1  831.3±28.0
a,b,c

      5.4±0.2
a,b

 

(n=50) 

 

HAAR-Naive          30.8±1.3  370.0±44.5
a
       4.4±0.2

a
 

(n=50) 

 

1-6 Months              32.0±1.3  430.4±42.6
b
          4.6±0.2

b
 

(n=50) 

 

7-12 Months            33.1±1.2  503.5±27.4
c   

4.8±0.2 

(n=50) 
KEY:  

Values are expressed as Mean ± SEM 

  Values with the same superscript in the same column are significantly different (P < 0.05) 

  WBC: White Blood Cells Count. 

 

The Immunological Indices of the Study Subjects are presented in Table 2. 

All the HIV positive patient groups have significantly (P<0.05) lower levels of CD4 T-cells 

compared to the HIV negative subjects (control). The CD4 T-cells levels increased in those on 

treatment for 7-12 months compared to other two HIV positive groups, though the increase is 

not statistically significant. The total white blood cell count was significantly (p<0.05) lower in 

the entire three HIV positive groups except those on treatment for 7-12 months when compared 

to HIV negative group. 

 

DISCUSSION 

For all the categories of the HIV positive patients enrolled into the study, females were the 

majority being 76%, 64% and 72% in the treatment naive group, those on treatment for 1-6 

months and 7-12 months on treatment respectively. The males constituted 24%, 36% and 28% 

of the afore-mentioned groups respectively. 
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The data released by UNAIDS [1] shows that about 58% (1.72 million) of the HIV infected 

people in Nigeria are young women and also constituted about 55% of AIDS death. CIA [19] 

reported that, Nigeria is the second country in the world (after South Africa) with the highest 

number of people living with HIV and among of them, young women aged 15-24 years were 

estimated to be three times higher than their male counterpart of the same age. The numbers of 

HIV infected subjects are generally reported to be higher in the female gender than in the male 

[20]. HIV has severely infected more women than men in Sub-Saharan Africa, where female 

account for almost 57% of adults living with HIV/AIDS [21]. It is also known that of all the 

people living with HIV in the world (5.4 million), over three million (3.0 million) are females. 

Many factors were believed to contribute immensely to the exposure of females to HIV 

infection in the world, among them includes specific anatomical and physiological 

characteristics, as male to female transmission is higher than female to male [22] which may be 

due to easy passage of HIV on to young women owing to their immature vaginal tracts and 

easily torn tissues [21]. Also contributing to higher exposure of females is gender inequalities in 

many tribes in Africa which prevent young women from negotiating safer sexual practices that 

include use of contraceptives such as condom [21]. Men are also believed to have multiple 

sexual partners than women, which also exposes them highly to the infection than males [22], 

UNAIDS [1] reported that 33% of the married women in Nigeria are in polygamous system of 

marriage, which implies that HIV positive man may infect two or more of his wives. Moreover, 

illiteracy coupled with other socioeconomic factors may be the driving forces increasing the risk 

of women getting infected through increased commercialization of sex [23]. In Sokoto State, we 

observed that routine voluntary and counseling testing (VCT) offered during pregnancy have 

contributed to women being detected at an early stage of HIV infection. Majority of females 

with newly diagnosed HIV infection were referred from antennal clinic (ANC) to the VCT 

centre. 

Majority of the HIV positive patients enrolled into the study were within the age of 15 to 29 

years except those on treatment for 7 to 12 months where patients between the ages of 30 to 44 

years abound. Forty eight percent (48%) and 56% of those not on HAART and those on 

treatment for 1 to 6 months respectively were between the ages of 15-29 years while 60% of 

patients on HAART for 7 to 12 months were between the ages of 30 to 44 years. Additionally, 

40% and 30% of the two HIV positive groups (treatment naive and 1 to 6 months on treatment) 

enrolled were within 30-44 years of age, while 30% of the patients on treatment for 7-12 months 

were within the ages of 15-29 years. 

Many factors may contribute to the higher rate of HIV infection for the middle age; among them 

being the physical strength and high sexual desire which is the major route to which HIV 

infection can be transmitted [23]. 

Married people constituted the majority being 62%, 50% and 46% of the treatment naive, on 

treatment for 1-6 months and those on treatment for 7-12 months respectively. But, 28%, 18% 

and 32% of the treatment naïve, on treatment for 1-6 months and those on treatment for 7-12 

months respectively were single.  

 

United Nations Children’s Fund [24] reported that single/unmarried young individuals are more 

likely to acquire HIV infection than married partners which is contrary to the finding of this 

study. The studies by Nawal [25]; Dunkle et al. [26] showed a higher incidence of HIV infection 

in married partners when compared to single/unmarried individuals; this concurs with the report 
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of our finding. Haque and Soonthorndhada [27] reported increased sexual transmission 

infections risk perception as a reason for condom use in unmarried young individuals than their 

married counterpart. Ibeh et al. [21] reported that unmarried/single individuals have multiple 

sexual partners and may likely have higher tendency to use protection against HIV infection 

than married individuals with limited sexual partners. 

HIV infection has been reported to cause diverse degree of immunopathogenesis in people 

living with HIV and this carries enormous haemathological and biochemical consequences [28]. 

Progression of HIV infection is associated with substantial depletion in the level of CD4 T-cells 

count [29]. The CD4 T-cell and WBC count test is used routinely in the evaluation and 

monitoring of people living with HIV [30]. CD4 T-cell count is a standard test used to evaluate 

the stage of HIV infection and to make a decision on the commencement of antiretroviral 

therapy [31]. It is also found to have a good correlation with development of different 

complications associated with HIV infection [31]. Loss or decline in CD4 T-cell level in the 

treatment naïve AIDS patients is a common finding of this study. Alimonti et al. [32] reported 

that HIV infection primarily affect components of the immune system such as CD4 T-cell, 

macrophages, dendritic cells. The infection directly or indirectly destroys CD4 T-cells while 

HAART inhibits the growth and reproduction of HIV; thereby rebuilding the immune system by 

intensification of CD4 T-cell level [32]. Treatment of HIV infection with ARVs leads to drastic 

reduction of plasma HIV RNA load which is responsible for immune restoration [33], thereby 

improving the level of CD4 cell count compared to treatment naive subjects [34]. Rapid increase 

in CD4 cell count was reported at the initiation of HAART which is believed to be mainly as a 

result of redistribution of cells stored in the lymphoreticular system [35]. Many factors are 

believed to improve the quality of life of HIV positive subjects on HAART, among which 

includes: influence in the rate of immune reconstitution [36, 37]. Gradual increase in the level of 

CD4 cell count is likely to reflect the generation of new cells by peripheral expansion of pre-

existing T-cell clones or generation of chemically derived naive cells among HIV positive 

patients on HAART [38, 39]. The mechanism of CD4 cell depletion is not yet elucidated, but 

several investigators reported that the CD4 cell count decreased due to the disruption of the cell 

membrane as HIV buds from the surface or the un-integrated DNA [40, 41, 42]. Hoxie et al. 

[43] also suggested that intracellular complexing of CD4 cell and viral envelope products can 

result in cell death. Furthermore, other proposed that the untimely induction of programmed cell 

death as an additional mechanism for CD4 cell loss in HIV infection [44]. Studies [38, 39, 45, 

46, 47] reported a continuous increase in the level of CD4 cell count among the HIV positive 

patients on HAART 

 

The results of a study by Nikolas et al. [48] showed a strong relationship between CD4 cell 

count of HIV positive subjects on HAART and HAART naive subjects. The patients on 

HAART are more likely to die of non-AIDS causes, and at older ages, than HAART naive or 

even those that started the therapy late [48]. The health improvement in the HIV positive 

subjects on HAART compared to HAART naive may be partially explained by the quality of 

healthcare received by early commencement of HAART [49]. If comprehensive therapy are 

given to HIV infected subjects, they condition will significantly improve, which suggested as a 

model for even HIV negative subjects [50].  

As therapies have become less toxic and more effective over time, and as therapy management 

strategies have improved, it may be expected that patients on HAART face lower risks of 

mortality than HAART naive subjects [48]. Treatment with HAART diminishes the elevated 
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risks of mortality faced by HIV infected individuals, risks that may be partly mediated by 

inappropriate immune activation and inflammation [48].  

Generally, the overall White Blood Cell (WBC) count is important to monitor because elevation 

of WBC may indicate infection and lack of response to treatment or an abnormalities [21]. The 

total white blood cell count was significantly (p<0.05) lower in the entire three HIV positive 

groups except those on treatment for 7-12 months when compared to HIV negative group. 

Contrarily, study by Ibeh et al. [21] showed a consistent significant reduction in WBC count of 

patients on HAART compared to HAART naïve subjects. The progressive increase in WBC 

count among those on HAART may indicate suppressive activity of the antiretroviral drugs on 

the virus.  

 

HIV primarily infects and attacks vital cells in the human immune system and one of the most 

important of this immune system is white blood cells [51]. HIV infection leads to decrease in the 

level of white blood cell and CD4 cell count [51]. In conformity to our finding, the result of a 

study by Obeagu et al. [51] which showed that the level white blood cell of HIV positive 

patients were lower than that of  HIV negative subjects. Furthermore report by Kumar [52] and 

Cheesbrough [53] revealed that viral infections such as HIV infection leads to reduction in white 

cell count. The decrease in the level of WBC count observed may be associated with cytopathic 

effect of the immune cells in HIV positive patients [51]. 

CONCLUSION 

All the HIV positive patient groups have significantly (P<0.05) lower levels of CD4 T-cells 

compared to the HIV negative subjects (control). The CD4 T-cells levels increased in those on 

treatment for 7-12 months compared to other two HIV positive groups, though the increase is 

not statistically significant. The total white blood cell count was significantly (p<0.05) lower in 

the entire three HIV positive groups except those on treatment for 7-12 months when compared 

to HIV negative group. The result suggests that, treatment of HIV positive patients with 

HAART results in quality of life in the patients through improving the levels of CD4 T-cell and 

WBC count. 
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