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INTRODUCTION 

Among those with human 

immunodeficiency virus (HIV) infection, the 

CD4+ T-lymphocyte count is the major 

indicator of immunodeficiency (Lifson et 

al., 2011). A central feature in the 

pathogenesis of HIV infection is the 

depletion of CD4+ T-lymphocytes, and it is 

generally accepted that CD4 count < 200 

cells/µL predisposes HIV patients to 

opportunistic infections (Oguntibeju et al., 

2006). CD4 count is an important factor in 

initiating treatment with combination 

antiretroviral therapy (also known as highly 

active antiretroviral therapy [HAART]) as 

well as monitoring the effectiveness of the 

treatment (Lifson et al., 2011). The 

introduction of HAART has decreased the 

morbidity and mortality associated with HIV 

infection (Engsig et al., 2014) and HAART 

has been reported to increase CD4 count 

(Odunukwe et al., 2005). However, failure 

to restore a normal CD4+ count following 

HAART is associated with increased 

morbidity and mortality (Baker et al., 2008; 

Lawn et al., 2009).  

  

ABSTRACT 

Background: CD4 count is a marker for HIV disease progression, an important factor for 

initiating treatment as well as for monitoring effectiveness of treatment of antiretroviral 

therapy. A number of factors affect the rate of CD4 recovery during treatment.  

Aim: This study aims to determine the effect of HIV serotypes on CD4 count as well as 

the effect of duration of HAART on CD4 count. A cross-sectional study was conducted.  

Methods: A total of 335 HIV patients (251 HIV patients on HAART and 84 HAART-

naïve) were recruited for this study. Blood specimens were collected from each patient 

used to determine CD4 count and HIV serotype using flow cytometry and 

immunochromatographic methods respectively.  

Results: The CD4 count of HAART-naïve HIV patients were significantly lower than that 

of their counterparts on HAART (p<0.0001). Generally, patients infected with HIV-1 had 

significantly higher CD4 count than those dually infected with HIV1/2 (p=0.0187). There 

was a significant correlation between duration of HAART use and CD4 count resulting in 

increased CD4 count with increasing duration of HAART use (r = 0.2347: p<0.001). In 

terms of HIV serotypes, it was observed only for HIV-1 (r=0.3271, p<0.001) and not 

among HIV-1/2 patients were an insignificantly weak correlation was observed (r=-

0.0089: p>0.05). There was no significant association between HIV serotypes and 

immunosuppression as measured by CD4 count < 200cells/ µL (p> 0.05).  

Conclusion: CD4 counts were higher among HIV-1 patients and this increase was 

associated with duration of HAART use. Use of appropriate HAART agents to improve 

CD4 count of HIV-1/2 infected patients is advocated. 

Keywords: CD4 count recovery; HIV serotypes; Duration of HAART; Nigeria. 
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A number of factors affect the rate of CD4 

recovery. Indeed, white ethnicity, pre–

HAART viral load, pre–HAART CD4 

count, duration of HAART use, age, gender, 

amongst others, have been reported as 

factors that affect CD4 count (Smith et al., 

2004; Lok et al., 2010; Lifson et al., 2011; 

Engsig et al., 2014). The effect of duration 

of HAART use on CD4 count reveals 

conflicting reports in the literatures. Some 

authors report that CD4 increases with 

duration of HAART use for 4 to 6 years and 

stops (Moore and Keruly, 2007; Lifson et 

al., 2011) while others report higher CD4 

count for up to 7 years or more (Guihot et 

al., 2010; Lok et al., 2010). These studies 

have focused on HIV-1. Although HIV-2 

results in slower decline of CD4 count than 

HIV-1 (Gottlieb et al., 2011), no study has 

looked at the effect of HIV serotypes on 

CD4 count levels and recovery. Against this 

background, this study aims to determine the 

effect of HIV serotypes on CD4 count as 

well as the effect of duration of HAART on 

CD4 count.   

 

MATERIALS AND METHODS 

Study population 

A total of 335 HIV positive patients (82 

males and 253 females) were used for this 

study. The HIV patients consisted of 251 

patients on HAART (60 males and 191 

females) for 1 to 15 years, and 84 HAART-

naive patients (22 males and 62 females). 

The regimens for HAART are divided into 

first line, alternate first line and second line 

drugs. The first line and alternate first line 

HAART regimens are as follows: 

zidovudine, lamivudine and nevirapine, or 

combivir (consisting zidovudine, 

lamivudine) and liponavir/ritonavir), or 

combivir and efavirenz, or combivir and 

abacavir, or abacavir, lamivudine and 

nevirapine. The second line HAART 

regimen entails any of the following 

combinations: abacavir, lamivudine and 

liponavir/ritonavir, or zidovudine, 

lamivudine and liponavir/ritonavir, or 

stavudine, lamivudine and 

liponavir/ritonavir, or abacavir, lamivudine 

and aluvir. All HIV patients were 

asymptomatic out-patients attending HIV 

clinics in the University of Benin Teaching 

Hospital, Benin City. Informed consent was 

obtained from all patients or their 

parents/guardian in case of children prior to 

specimen collection. Approval for the study 

was given by the Ethical Committee of the 

University of Benin Teaching Hospital, 

Benin City. 

Collection and processing of specimens 

Five millilitre (ml) of venous blood was 

collected from each patient and dispensed 

into ethylene diamine tetra-acetic acid 

(EDTA) bottles.  

Determination of HIV serotypes 

The HIV serotypes was determined using an 

immunochromatographic kit – HIV 1.2.O 

Rapid Test Cassette (Global Devices, USA) 

following the manufacturer’s instruction. 

Briefly, 25µL of patient’s plasma (obtained 

by centrifuging the anticoagulated blood) 

was added to the specimen area of the 

cassette device. This was followed by the 

addition of 40µL of reagent buffer that came 

with the kit. Immediately after addition of 

the buffer, a timer is set. The result was read 

at 10mins and not more than 20mins. The 

presence of red lines in the control and HIV-

1 (T1) area was taken as HIV-1 serotype. 

The appearance red lines in the control and 

HIV-2 (T2) area was interpreted as been 

positive for HIV-2 serotype, while the 

presence of red lines in the control, T1 and 

T2 areas was taken as positive for HIV-1/2 

serotype.    

Determination of CD4 lymphocyte count 

CD4 lymphocyte counts were evaluated 

using the flow cytometry (Partec, Gmbh, 

Germany) following the manufacturer’s 

instruction as previously described (Akinbo 

et al., 2012). Briefly, 20 µl CD4 

phycoerythrin (monoclonal) antibodies was 

placed into a Partec test tube and 20 µl of 

well-mixed whole EDTA blood was added. 

The contents were mixed gently and 

incubated in the dark for 15 minutes at room 

temperature.
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This mixture was agitated during incubation 

every 5 minutes. Eight hundred microlitres 

of CD4 buffer was added to the mixture of 

antibody and sample and mixed gently. The 

counting of the cells was done by the flow 

cytometer. 

Statistical analysis 

The parametric data were analyzed using 

ANOVA, unpaired t–test and Pearson’s 

correlation. The non-parametric data were 

analyzed using Chi square (X
2
) test or 

Fisher’s Exact test as appropriate and odd 

ratio (OR) analysis. The statistical software 

INSTAT
®

 (Graph Pad Software Inc., San 

Diego, CA, USA).was used for the analysis. 

 

RESULTS 

The CD4 count of HAART–naive HIV 

patients [range = 9 – 1242(cells/µL), mean + 

standard error of the (SEM) = 367.18+ 

31.04] and those of HIV patients on HAART 

[range = 4 – 1586, mean + SEM = 

534.19+31.02] reveals that HIV patients on 

HAART had significantly (p< 0.0001) 

higher CD4 count than their HAART–naive 

counterparts (Table 1).  

Generally, the CD4 count of patients 

infected with HIV–1 (519.45 + 22.09) was 

significantly (p = 0.0187) higher than that of 

those infected with HIV–1/2 (438.38 + 

24.78). However, when the HIV patients 

were separated into HAART–naive and 

those on HAART, there was no significant 

difference in the CD4 count of those 

infected with HIV–1 and those infected with 

HIV–1/2 (Table 2). In both HIV–1 (p = 

0.0166) and HIV–1/2 (p< 0.0001) infected 

patients, the CD4 count was higher among 

those on HAART compared to their 

HAART–naive counter parts (Table 2). 

The effect of duration of HAART use on 

CD4 count is shown in Figure I and Table 3. 

The mean + SEM CD4 count decrease from 

367.18 + 31.04 cells/µL in HAART–naive 

(0 years) to 353.05 + 55.55 cells/µL one 

year after commencement of HAART and 

rose to 571.44 + 23.13 cells/µL > 5 years 

after commencement of HAART. 

Significant difference was observed between 

0 year and >5 years (p< 0.001) and between 

1 year and > 5years (p< 0.05) (Fig I). 

Significant correlation (r = 0.2347: p<0.001) 

was observed between CD4 count and 

duration of HAART use generally. 

However, in terms of HIV serotypes, the 

significant correlation was observed only 

with HIV-1 serotype (r=0.3271: p<0.001) 

(Table 3). 

The prevalence of HIV–1 was higher in 

persons with CD4 count < 200 cells/µL 

compared with their counterparts with CD4 

count > 200 cells/µL, in both HAART–naive 

HIV patients and those on HAART, albert, it 

failed to reach statistical significance (p> 

0.05) (Table 4). The only HIV–2 case had a 

CD4 count > 200cells/µL. An opposite trend 

was observed in HIV–1/2 cases. Here, the 

prevalence of HIV–1/2 were higher in 

patients with CD4 count > 200 cells/µL 

compared with those with CD4 count < 200 

cells/µL in both HAART–naive HIV 

patients and those on HAART. Again, the 

difference was not statistically significant 

(p> 0.05) (Table 4). 

 

Table 1: Effect of HAART on CD4 count of HIV patients  

Treatment type  Range* Mean + standard error of 

the mean (SEM)* 
P value 

HAART–naive  

(n = 84) 

9 – 1242 367.18 + 31.04  

< 0.0001 

On HAART 

(n = 251) 

4 – 1586 534.24+ 19.02  

*All units are in cell/µL 
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Table 2: Effect of HIV serotypes on CD4 count of both HAART–naive and HIV patients  

on HAART 

Treatment status                         HIV type  

P value 1 1 /2 

HAART–naive 

 (n1 = 36, n2 = 47) 

403.9 + 51.04 312.26 + 33.18 0.1373 

On HAART  

(n1 = 172, n2 = 79) 

543.25 + 24.13 510.90+31.42 0.4363 

General  

(n1 = 208, n2 = 126) 

 

519.45 + 22.09 

 

438.38 + 24.78 

 

0.0152 

Unit is in cells/µL. Figures are mean + standard error of the mean; n1 = number tested for 

HIV–1; n2 = number tested for HIV–1/2  
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Fig I: Effect of duration of HAART use on CD4 count 

 

Table 3: Correlation between CD4 count and duration of HAART use 

HIV serotype (CD4 count) Duration (years) 

All serotype r = 0.2347 (p<0.001) 

HIV-1 r = 0.3271 (p<0.001) 

HIV-1/2 r = -0.0089 (p>0.05) 

 

Table 4:Relationship between HIV serotypes and immunosuppression as measured by CD4 

count of HIV patients  

HIV  type                  CD4 count  

P value < 200cells/µL >  200cells/µL 

HAART–naïve (n = 27) (n = 57)  

HIV–1  10(37.04) 26(45.61) 0.4890 

HIV–2 0(0.00) 1(1.75) 1.0000 

HIV–1/2 17(62.92) 30(52.63) 0.4814 

On HAART (n = 32) (n = 219)  

HIV–1  24(75.00) 148(67.58) 0.5413 

HIV–1/2 8(25.00) 71(32.42) 0.5413 

Figure in parenthesis are in percentages 
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DISCUSSION 

The mean + SEM of the CD4 count of HIV 

patients on HAART (534.24 + 

19.02cells/µL) was significantly higher 

(p<0.0001) compared with their HAART-

naïve counterpart (367.18 ± 31.04cell/µL) in 

this study. HAART has been reported to 

improve immunity (Willemot and Klein, 

2004; Odunukwe et al., 2005; Olawumi et 

al., 2008). This is due to viral suppression 

and CD4 cell recovery (CASCADE, 2000; 

SMART, 2006; Lohse et al., 2007). The 

range of CD4 count observed in this study 

indicates that some HIV patients (both 

HAART–naive and those on HAART) had 

CD4 count outside the normal range of CD4 

count for Nigerians as reported by Odiabo 

and Olaleye (2013). This indicates that other 

factors influence CD4 among HIV patients. 

Indeed, white ethnicity, pre–HAART viral 

load, pre–HAART CD4 count, duration of 

HAART use, age, gender, amongst others, 

have been reported as factors that affect 

CD4 count (Smith et al., 2004;Loket al., 

2010; Lifson et al., 2011; Engsig et al., 

2014).  

Generally, CD4 count of HIV–1 patients 

were significantly higher (p = 0.0187) 

compared with those with HIV–1/2. This is 

not in agreement with the findings of Harries 

et al. (2010) where CD4 count of HIV–1/2 

dual infected patients were higher than those 

of HIV–1 mono-infected patients. The 

difference in this study and that of Harries et 

al. (2010) could be due to geographical 

location, study design and type of subjects 

used. Harries et al. (2010) study was carried 

out in Ouagadougou, Burkina Faso while 

this study was carried out in Benin City, 

Nigeria. A cross–sectional study was the 

study design in this study while Harries et 

al. (2010) study was a prospective study 

(follow–up study) for 6years. The HIV 

patients used in this study were all 

asymptomatic (WHO clinical stage 1) while 

that used by Harries et al. (2010) consisted 

of both asymptomatic and symptomatic HIV 

patients (WHO clinical stages 1 to 4). The 

significantly lower CD4 count among HIV–

1/2 dually infected patients may support the 

reports that HIV–1/2 dually infected patients 

experience more aggressive form of 

infection than HIV–1 mono-infected patients 

(Nkengasong et al., 2000; Schim van der 

Loeff et al., 2002; Alabi et al., 2003; 

Koblavi–Deme et al., 2004). Mortality rates 

for HIV–1/2 dually infected patients have 

been reported to be higher than that of HIV–

1 mono-infected patients (Holmgren et al., 

2007; Harries et al., 2010). Also, HIV–2 and 

HIV–1/2 dually infected patients appear to 

do less well on HAART than HIV–1 patients 

(Harries et al., 2010). Age at baseline, lower 

intrinsic immune recovery in HIV–2, use of 

ineffective HAART regimens by clinicians 

and poor drug adherence have been 

suggested as reasons for the higher mortality 

(Matheron et al., 2006; Harries et al., 2010). 

The CD4 counts of HIV–1 patients were 

higher than those of HIV–1/2 dually infected 

patients in irrespective of the treatment 

status of the HIV patients. However, the 

difference was not statistically significant 

(HAART–naive; p = 0.1213; On HAART; p 

= 0.4363). The reason for this is unclear as a 

number of factors can affect CD4 count in 

HAART–naive HIV patients and those on 

HAART.  

Significant difference in CD4 count was 

observed between 0years (HAART–naive) 

and those on HAART for > 5years (p< 

0.001), and between those on HAART for 

1year and those for > 5years (p < 0.05). This 

may indicate that significant increase in CD4 

count is observed as from 5yearsof HAART 

therapy. The effect of duration of HAART 

use on CD4 count reveals conflicting reports 

in the literatures. Some authors report that 

CD4 increases with duration of HAART use 

for 4 to 6 years and stops (Moore and 

Keruly, 2007; Lifson et al., 2011) while 

others report higher CD4 count for up to 7 

years or more (Guihot et al., 2010; Lok et 

al., 2010).  
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In response to HAART, it has been reported 

that CD4 count increases rapidly within the 

first 6months due in part to release of 

memory T–cells from lymphoid tissues, and 

then increases slowly during the next 3 – 4 

years, reflecting reconstitution of the 

immune system (Pakker et al., 1998; Bucy et 

al., 2006). Age, gender, pre–HAART viral 

load, pre–HAART CD4 count, duration of 

HIV infection prior to commencement of 

HAART and duration of viral suppression 

affect CD4 recovery (Smith et al., 2004; 

Lifson et al., 2011). Data on some the above 

factors that influence CD4 count were not 

available in this study. There was no data on 

their baseline CD4 count on initiation of 

HAART; hence the trend mentioned above 

was not demonstrated. No cross–sectional 

study on effect of duration of HAART use 

on CD4 count was found. A significant 

correlation (r = 0.2347; P < 0.001) was 

found between duration of HAART use and 

CD4 count in this study. In terms of HIV 

serotypes, it was observed only for HIV-1 

(r=0.3271, p<0.001) and not among HIV-1/2 

patients were an insignificantly weak 

correlation was observed (r=-0.0089 

(p>0.05). Approximately 94% of the HIV 

patients on HAART in this study were on 

first line drugs – zidovudine, lamivudine and 

nevirapine. HIV–1 readily incorporates 

zidovudine and is more susceptible to 

zidovudine than HIV–2 (Boyer et al., 2006). 

Mutation occurs rapidly in vitro and in vivo 

that confer resistance to lamivudine in HIV–

2 (Adje–Toureet al., 2003; Van der Ende et 

al., 2003; Jallowet al., 2006; Ntemgwa et 

al., 2009; Smith et al., 2009). Nevirapine, 

anon-nucleoside reverse transcriptase 

inhibitor (NNRTI), has no activity against 

HIV–2 (Peterson et al., 2011). These may 

indicate that patients on HAART, with HIV–

1/2 dual infection in this study may not be 

responding to the HAART regimen. This 

may explain the findings in this study. 

Among HAART–naive HIV patients, the 

prevalence of HIV–1/2 (62.92%) was higher 

among HIV patients with CD4 count < 

200cells/ µL compared with those of HIV–1, 

while among HIV patients on HAART with 

CD4 count < 200cells/ µL, the 

seropervalence of HIV–1 (75%) was higher 

than that of HIV–1/2 (25%). There was no 

significant association between HIV 

serotypes and immunosuppression as 

measured by CD4 count < 200cells/ µL (p> 

0.05). This is in agreement with the findings 

of Harries et al. (2010). In the Harries et al. 

(2010) study, the mean increase in CD4 

count (during follow–up) was only 

significantly different between HIV–1 and 

HIV–1/2 patient at 6months post HAART, 

with higher increase in the CD4 count of 

HIV–1 patients compared with HIV–1/2  

dually infected patients. Thereafter, there 

was no significant difference in CD4 count 

between both serotypes throughout the 

remaining follow–up period. This may 

indicate that differences in CD4 count 

between HIV serotypes are only significant 

within the first 6months of therapy. In this 

study, the duration of HAART use was > 1 

years. This may explain the findings in this 

study.  

CONCLUSION 

In conclusion, CD4 counts were higher 

among HIV-1 patients and this increase was 

associated with duration of use. Use of 

appropriate HAART agents to improve CD4 

count of HIV-1/2 infected patients is 

advocated.  
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