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DEFINITIONS OF TERMS 

1. Antiretroviral (ARVs): Drugs that suppress the progression of HIV/AIDS  consisting of double 

or triple combination 

2. CD4 T-CELL: A specialized type of lymphocyte which is important component of the immune 

system. T cell with CD4 receptor that recognizes antigens on the surface of a virus –infected 

cell  

3. CD4 count: Is reported as the number of CD4 cells per microlitre 

4. Baseline CD4 Count: CD4 count prior to initiation of  ART 

5. HAART: Antiretroviral drugs are medications for the treatment of infection by retroviruses, 

     primarily HIV. When several such drugs, typically three or four, are taken in   

      combination the approach is known as Highly Active Antiretroviral Therapy (HAART) 

6. Treated group:  HIV-positive Patients on HAART 

7. Untreated group: HIV-positive Patients not on HAART 
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ABSTRACT 

Introduction: The Highly active antiretroviral therapy (HAART) results in an improvement in 

immunologic function. Studies on kinetics of CD4+ cell count response post-HAART indicate 

that CD4+ cell count increases rapidly during the first 3-6 months, in part due to release of 

memory T-cells from lymphoid tissue, and then increase slowly during the next 3-4 years 

reflecting the reconstitution of the immune system. The first 6 months of ART is a critical period 

for future and should be given special attention. However, there is limited data on studies of 

effect of HAART on CD4 cell response 6 months after HAART initiation hence the effect is not 

well understood. This study aims to report on the outcome of clients on HAART after 6 months 

of treatment. 

Objectives: The aim of this study was to determine the short-term effect of HAART on CD4 

count response in adults of the reproductive age (15-49 years) living with HIV/AIDS in Lusaka, 

Zambia and also help identify the early predictive factors limiting CD4 cell count recovery 

among the adults of the reproductive age (15-49 years) living with HIV/AIDS. 

Method: The retrospective cohort study was conducted by reviewing 455 medical records of 

adult HIV-positive patients aged 15-49 years at baseline and at 6 months follow-up who were 

enrolled and accessing ART services from Adult Centre of Excellence- UTH ART clinic from 

January to December 2010 and were residing in Lusaka. Of the 455 participants, 350 were 

initiated on HAART whereas 105 were not. The CD4 count was measured at baseline in the 

treated group and the untreated group, and also after 6 months in the untreated group and in the 

HAART treated group and the difference between the two groups was tested statistically for 

significance using Wilcoxon matched pairs rank-sum tests. Other factors associated with CD4 

count response to HAART were assessed using quantile regression which was used for modeling 

the median since the CD4 count data was skewed and to make the distribution normal. HAART 

was the priori variable. Those on HAART were coded 1 and those not on HAART were coded 0. 

Bivariate and multivariate analyses were performed for each independent variable and the CD4 

count difference between baseline and 6 months follow-up. Missing values of some variables 

(income and residence) were excluded in the analysis using the STATA default command. 

Results: The median CD4 count at baseline was 177 (IQR: 81.0, 291.0) and 272 (IQR: 191.0, 

420.0) 6 months after HAART initiation. The difference in the median CD4 count was 

statistically significant, P < 0.0001. There was a significant association between HAART and 
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CD4 count response in that those who were on HAART were most likely to increase their CD4 

count by a median value of 187 (IQR: 95% CI: 159.1, 214.9) and the association was significant, 

P < 0.001. BMI was found to be the only predictive factor for CD4 count response to HAART. 

HIV patients with normal weight and overweight were less likely to increase their CD4 count by 

median values of -80 (95% CI: -141.70, -18.30) and -90 (95% CI: -178.20, -19.80) respectively 

and this was significant, P < 0.005.  

Conclusion: The study demonstrated an increase in CD4 cells of patients on HAART after 6 

months of receiving treatment. BMI was the only predictive factor for CD4 count response to 

HAART. 
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CHAPTER 1: BACKGROUND INFORMATION   

1.0  Introduction 

HIV/AIDS is one of the major public health problems. Among those with HIV infection, the 

CD4 T-lymphocyte count is the major indicator of immunodeficiency, a main factor in deciding 

whether to initiate HAART and an important parameter in monitoring treatment response 

(Thompson et al, 2010). Failure to restore a normal CD4+ cell count following HAART is 

associated with increased morbidity due to both AIDS and non-AIDS events, as well as 

increased mortality (Baker et al, 2008; Lawn et al, 2009 and Lancet, 2010). The first 6 months on 

HAART is a critical period for the future and needs special attention. However, there is limited 

data on studies on short effect of HAART on CD4 cell response 6 months after ART initiation in 

Zambia to compare with findings from other countries; hence the effect is not well understood. 

Therefore, there is need to conduct such a study.                                  

Globally, a total of 34 million people are living with HIV/AIDS (UNAIDS, 2011).The people 

newly infected with HIV/AIDS in 2011 were 3.3 million and AIDS deaths were 1.7 million 

(UNAIDS, 2011). Provision of HIV/AIDS services for knowledge of HIV status, selected health 

sector interventions for HIV prevention, scaling up treatment and care for people living with 

HIV/AIDS, scaling up services for key populations at higher risk of HIV infection and scaling up 

HIV services for women and children for prevention of mother to child transmission are some of 

the measures that have been put in place to fight this pandemic (WHO, UNICEF and UNAIDS, 

2011). In 2003, World Health Organization (WHO) launched an ambitious target for reaching 

three million people in low and middle income countries with ARVs by 2005.This was a 

stepping stone to the universal access, though the target was not attained until 2007.Treatment 

was vastly expanded with coverage tripling from 400,000 people in December 2003 to 1.3 

million in December 2005.This included eight-fold increase in sub-Saharan Africa. According to 

the UNAIDS and WHO estimates, 47% (6.6 million) of the estimated 14.2 million eligible for 

treatment in the low and middle income countries were accessing lifesaving antiretroviral 

therapy in 2010,an increase of 1.35 million since 2009. Nearly 50% of the people who are 

eligible for ART now have access to lifesaving treatment (UNAIDS, 2013). 

 

Sub-Saharan Africa has the most serious HIV and AIDS epidemic in the world. In 2012, roughly 

25 million people were living with HIV, accounting for nearly 70 percent of the global total. In 

http://hiv.htm/
http://www.avert.org/aids.htm
http://www.avert.org/living-hiv.htm
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the same year, there were an estimated 1.6 million new HIV infections and 1.2 million AIDS-

related deaths (UNAIDS, 2013). As a result, the epidemic has had widespread social and 

economic consequences, not only in the health sector but also in education, industry and the 

wider economy. With around 69 percent of all people living with HIV residing in sub-Saharan 

Africa, the region carries the greatest burden of the epidemic. In 2012, 68 percent of people 

living with HIV in sub-Saharan Africa had access to antiretroviral treatment (ART). 10 countries 

reported reaching universal access (at least 80 percent of adults eligible for ART) under the 

World Health Organizations (WHO) 2010 guidelines (those with a CD4 count of 350 cells/mm3 

or less) (UNAIDS, 2013). The WHO's 2013 guidelines have subsequently made many more 

people eligible for treatment by expanding the CD4 treatment initiation to 500 cells/mm3 or less 

for adults, adolescents and older children (WHO, 2013). 

Zambia has one of the highest prevalence rates of HIV and AIDS in Sub-Saharan Africa.  

According to the previous ZDHS (2007), HIV prevalence rate among adults 15-49 years stands 

at 14.3%. HIV prevalence in adults gradually decreased from 16% to 14.3% in 2007 (CSO et al. 

2009). In Zambia, more than one in every seven adults is living with HIV and the life expectancy 

at birth has fallen to just 39 years (CIA World Facts book, 2008). More females (16.1%) than 

males (12.3%) are HIV positive, likely because of biological, economic and social factors. Urban 

areas have a higher Prevalence (20%) than rural areas (10%) (CSO et al, 2009). Approximately 

16.4% of pregnant women are HIV positive (MOH 2010 draft) and an estimated 10% of HIV 

transmission is from mothers to children during pregnancy, birth, or breastfeeding (MOH and 

NAC 2010). In 2009, the country had an estimated 690,000 orphans as a result of AIDS 

(UNAIDS, 2009). HIV and AIDS have had a negative impact on health Indicators. HIV and 

AIDS have also increased the disease burden and increased pressure on the health care systems. 

Over 900,000 Zambians are living with HIV, and as of 2011, 385,498 Zambians were receiving 

antiretroviral therapy (ART) which allows them to live longer and healthier lives (MOH and 

NAC, 2012)  and 428,236 adults 15 years and older were in need of antiretroviral therapy (NAC, 

2012). However, females and males with advanced HIV infection receiving ART has increased 

from 68% in 2009(283,863/434168) to (420,415/483,236) in 2013 .The percentage of the newly 

infected with HIV among adults 15 years and older has reduced from 1.06 in 2012 to 1.02 in 

March, 2013 in all adults. The number of Health facilities dispensing ART has increased from 

355 in 2008 to 400 in 2013 (NAC, 2013) and also the number of Health facilities that were 

http://www.avert.org/aids-hiv-africa.htm
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providing HIV/AIDS services to various degrees was increased between 2008 and 2010 by 8.1 

percent. At the end of 2010, there were 1,690 health facilities providing HIV and AIDS services 

of which 1,471 were public and 240 were private. The total increased to 1,769 in 2011 

(UNGASS, 2011). The scale up of ART especially among people aged 15-49 years has 

contributed to a reduction of adult deaths from about 82% of the total deaths in 1996 to 54 per 

cent in 2007. Zambian eligibility criteria is that patients with CD4 count lower than 350 cells/µL 

coupled with clinical symptoms should start ART treatment and their response to treatment 

should be monitored by checking the response patterns in CD4 count levels in the blood 

(Christopher  2008). In Zambia, the government through the Ministry of Health in 2002 took a 

policy decision to make ART available to all its citizens. The goals of the Zambia ART scale up 

programme is to reduce HIV related morbidity and mortality through universal access to ART 

for people living with HIV infection so as to reduce socio-economic impact of HIV/AIDS . The 

government further in June 2005, made yet another important policy decision to provide free 

ARVs to Zambians. This policy decision was made in view of overwhelming poverty levels on 

one hand and the high cost for accessing ART on the other hand (MOH, 2010). 

 

Highly active antiretroviral therapy (HAART) results in an improvement in immunologic 

function. ART does not eradicate HIV but it halts viral replication, thus prevents further disease 

progression and immune system damage. The virus can`t be eradicated hence one has to take 

ARVs for life even when the symptoms have disappeared. The primary goal of antiretroviral 

therapy (ART) is to reduce HIV-associated morbidity and mortality. This goal is best 

accomplished by using effective ART to maximally inhibit HIV replication, as defined by 

achieving and maintaining plasma HIV RNA (viral load) below levels detectable by 

commercially available assays. Durable viral suppression improves immune function (with 

effective ART, CD4 cell count should increase and immune function improves), improvement of 

quality of life (gain weight, less fatigue and generally get better), lowers the risk of both AIDS-

defining and non-AIDS-defining complications, and prolongs life. Based on emerging evidence, 

additional benefits of ART include a reduction in HIV-associated inflammation and possibly its 

associated complications. There are three groups of ARVs and these are Nucleoside Reverse 

Transcriptase inhibitors (NRTIs), Non-nucleoside Reverse Transcriptase Inhibitors (NNRTIs) 
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and Protease inhibitors (PIs). The combination of these 3 different ARVs is called HAART; it is 

a standard of good therapy (WHO, 2010). 

Studies on kinetics of CD4+ cell count response post-HAART indicate that CD4+ cell count 

increases rapidly during the first 3-6 months, in part due to release of memory T-cells from 

lymphoid tissue, and then increases slowly during the next 3-4 years, reflecting the reconstitution 

of the immune system (Smith et al, 2003; Hunt et al, 2003 and Battegay et al, 2006). The 

magnitude of CD4+ cell recovery may depend on a variety of factors, including maintenance of 

virologic suppression, age and CD4+ cell count at HAART initiation (Hunt et al, 2003; Smith et 

al, 2004; Battegay et al, 2006 and Landay et al, 2007). The benefits of highly active antiretroviral 

therapy (HAART) in HIV-positive persons are well documented. It is known that HAART 

results in an improvement in immunologic status, one feature of which is an increase in the CD4 

cell count (Kaufmann et al, 2000; Smith et al, 2003 and Hunt et al, 2003). The rapid increases in 

CD4 cell count during the first few weeks after starting HAART are believed to be mainly a 

result of redistribution of cells stored in the lymphoreticular system (Phillips et al, 1995) It is 

followed by a prolonged period of less-rapid increase, which is thought to be, in large part, due 

to the generation of naive CD4 cells through cell division or from the thymus (Pakker et al, 

1998).  

 The 2010 World Health Organization (WHO) revised guidelines defined immunological failure 

as a fall of CD4 count to baseline level or below, or 50% fall from on-treatment peak value or 

persistent CD4 count below 100 cells/mm3. Good immunological response can be quantified by 

an increase in the CD4 cells as compared to the baseline CD4 cell count (WHO 2010). The 

definitions of clinical, immunological and virological by WHO in 2003 currently used in 

different settings represent different biological points. Several international recommendations 

based on clinical studies found thresholds close to an optimal CD4 cell gain that could be 

achieved in 6 months or annually during an effective ART. Immunological response failure can 

be described by a cell gain of <100 cells/mm
3
 from the initiation of treatment and it is often 

associated with a poor immune recovery (<200 cells/mm
3
). Functional immunological failure is 

defined by WHO-among other acceptable definitions as a cell count of <100 cells/mm
3
 after 6 

months of treatment or a return to the level of CD4 cell count before the start of treatment (or a 

fall below this level) after 6 months on treatment (WHO 2013). The immunological response in 

an effective ART is judged by an increase in the CD4 cell count of 150-200/mm
3
 in the first year 
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then more progressively. An adequate immunological response in most patients under treatment 

is defined as an increase in CD4 cells of 50-150/mm
3
 per year, generally with quicker response 

during the first 3 months. A CD4 cell count equal to 200/mm
3
 is the key threshold value below 

which the risk of disease progression is increased significantly. There are several factors that 

affect ART response and these are: Adherence, gender, baseline CD4 cell count and ART 

regimen. 

1.2 Statement of the problem 

The benefits of highly active antiretroviral therapy (HAART) in HIV-positive people are well 

documented. It is known that HAART results in an improvement in immunologic status, one 

feature of which is an increase in the CD4 cell count (Kaufmann et al, 2000; Smith et al, 2003 

and Hunt et al, 2003). The rapid increases in CD4 cell count during the first few weeks after 

starting HAART are believed to be mainly a result of redistribution of cells stored in the 

lymphoreticular system (Phillips et al, 1995).  It is followed by a prolonged period of less-rapid 

increase, which is thought to be, in large part, due to the generation of naive CD4 cells through 

cell division or from the thymus (Pakker et al, 1998). However, there is limited data on studies 

on effect of HAART on CD4 cell response 6 months after ART initiation in Zambia to compare 

with findings from other countries, hence the effect is not well understood and therefore need to 

conduct such a study. 

1.2 Study justification 

The study will give an update on the short-term effect of HAART on CD4 cell response  by 

giving an outcome of patients on HAART after  6 months of treatment and also help identify the 

early predictive factors limiting CD4cell count recovery among the adults of the reproductive 

age (15-49 years) living with HIV/AIDS. 
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Figure 1: Framework of problem analysis of Risk factors associated with response to CD4 

T-Lymphocytes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The conceptual frame work above shows the factors which can have an influence on the CD4 

cell count among HIV infected people and these are age, gender, BMI, income, residence, 

baseline CD4 cell count, type of ART regimen, blood sugar levels, occurrence of opportunistic 

infections and poor health seeking behavior. 

 

Poor CD4 T-cell count 

response to HAART 

Poor adherence 

Social Demographic 

Factors 

 Age 

 gender 

 BMI 

 Income 

 residence 

Non – compliance  

 

Type of ART regimen 

Occurrence of 

Opportunistic infections 

Blood Sugar levels 

 
Poor health seeking 

behavior 

Poor access to ART 
Baseline CD4 cell count at 

start of HAART initiation 

 

Beliefs & Traditional 

practices 

Stigma 

Social-cultural and 

behavioral factors 

Service related factors 

Negative 

attitude  



7 
 

1.3 General objective 

To determine the short-term effect of HAART on CD4 cell count response in adults of the 

reproductive age (15-49 years) living with HIV/AIDS in Lusaka 

1.4 Specific objectives 

1. To determine the baseline CD4 count levels for adults of the reproductive age (15-49 

years) living with HIV/AIDS  in Lusaka at ACOE-UTH  from January- December 2010 

2. To determine the CD4 count levels after the first 6 months follow up from enrolment for 

adults of the reproductive age (15-49 years) living with HIV/AIDS  in Lusaka 

3. To identify the effect of age, gender, BMI, income, residence, baseline CD4 count and 

different ART regimens on CD4 cell count gain among adults of the reproductive age 

(15-49 years) living with HIV/AIDS  in Lusaka 

1.5 Hypothesis 

H0: There is no difference in CD4 cell count gain whether one is  initiated on HAART or not in 

adults of the reproductive age (15-49 years) living with HIV/AIDS in Lusaka  
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CHAPTER 2: LITERATURE REVIEW 

2.0 Definitions of CD4 

 A CD4 is a type of T cell involved in protecting against viral, fungal, and protozoan infections. 

These cells normally orchestrate the immune response signaling other cells in the immune 

system to perform their special functions, also known as T helper cells, HIV's preferred targets 

(Ivan, 1984).Different authors give different values like Smith et al, (2003) give the normal value 

of CD4 as500-1600 cells/μL while US department (2002) and other books give 500-1200 

cells/μL which is the value being used in Zambia. 

2.1 Classes of antiretroviral drugs 

Antiretroviral drugs are medications for the treatment of infection by retroviruses primarily HIV. 

When several such drugs, typically three or four, are taken in combination, the approach is 

known as Highly Active Antiretroviral Therapy, or HAART (CDC, 1992 and Avert, 2014) 

HAART refers to the use of a combination of three or more antiretrovirals usually spanning at 

least two classes (CDC, 1992 and Avert, 2014).  The following are the classes of antiretroviral 

agents. These antiretroviral drugs are broadly classified by the phase of the retrovirus life-cycle 

that the drug inhibits. Nucleoside or Nucleotide Reverse Transcriptase Inhibitors (NRTI) inhibit 

reverse transcription by being incorporated into the newly synthesized viral DNA and preventing 

its further elongation, examples are lamivudine/zidovudine (combivir) and stavudine. Non-

nucleoside Reverse Transcriptase Inhibitors (NNRTI) inhibits reverse transcriptase directly by 

binding to the enzyme and interfering with its function, examples are efavirenz and nevirapine 

(CDC, 1992 and Avert, 2014).  Protease inhibitors (PIs) target viral assembly by inhibiting the 

activity of protease, an enzyme used by HIV to cleave nascent proteins for final assembly of new 

virons, examples of these are lopinavir/ritonavir (Kaletra), indinavir and nelfinavir (CDC, 1992 

and Avert, 2014).  Integrase Strand Transfer Inhibitors (INSTI) such as raltegravir inhibits the 

enzyme integrase which is responsible for integration of viral DNA into the DNA of the infected 

cell (CDC, 1992 and Avert, 2014). Fusion and Entry Inhibitors (enfuvirtide and maraviroc, 

respectively) interfere with binding, fusion and entry of HIV-1 into the host cell by blocking one 

of several targets. CCR5 receptor antagonists are the first antiretroviral drugs which do not target 

the virus directly. Instead, they bind to the CCR5 receptor on the surface of the T-Cell and block 

viral attachment to the cell. Most strains of HIV attach to T-Cells using the CCR5 receptor. If 

HIV cannot attach to the cell, it cannot gain entry to replicate. Maturation inhibitors inhibit the 
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last step in gag processing in which the viral capsid polyprotein is cleaved, thereby blocking the 

conversion of the polyprotein into the mature capsid protein (p24). Because these viral particles 

have a defective core, the virions released consist mainly of non-infectious particles. Alpha 

interferon is a currently available agent in this class (CDC, 1992 and Avert, 2014). 

The goals of treatment are to reduce HIV-related morbidity and prolong survival, improve 

quality of life, restore and preserve immunologic function, maximally and durably suppress viral 

load and prevent HIV transmission (Figueroa et al, 2008). Antiretroviral therapy should be 

initiated in patients with a history of an AIDS-defining illness or with a CD4 cell count < 350 

cells/mm
3
. Antiretroviral therapy should also be initiated in the following groups of patients 

regardless of CD4 cell count: pregnant women patients with HIV-associated nephropathy and 

patients co-infected with HBV, when treatment is indicated (Figueroa et al, 2008). Appropriate 

use of ARVs leads to suppression of virologic replication and an increase in CD4 cell count. 

2.2Baseline CD4 count and CD4 count at 6 months on HAART 

Findings in several studies have shown an increase in median CD4 count from baseline to 6 

months of HAART. Mocroftet al in 2007 reported the greatest mean increase in CD4 count of 

100 cells/mL after the first year of ART. Similar results were found by Nash et al in 2010 in a 

long term immunologic response to antiretroviral therapy in low income countries in 19,967 

cohorts from sub-Saharan Africa, Latin America and Asia. He found that median CD4 count 

increased from 114 cells/µL at ART initiation to 230 (IQR: 144-338) at 6 months. In another 

study done in India by Minal et al in 2012 on statistical analysis and evaluation of CD4 count 

after 6 months on ART found that the mean CD4 count in 57 patients before ART was 222, with 

standard deviation ± 149 of mean value. After 6 months of ART, the mean value of CD4 count 

increased to 306 with ± 178 standard deviation of mean value. This shows that after ART 

intervention for 6 months, the mean CD4 count increased. CASCADE Collaboration have 

reported that the median CD4 count increase at 6 months on ART was 119 cells/ml from 222 to 

306, a picture that all of them are being benefited from the ART. This is the expected 

immunological response to ART. 

2.3 Poor Response to HAART 

Findings from some studies show that clients, who start treatment with low CD4 count especially 

lower than 200 cells/µL are less likely to have a good CD4 count response to HAART (Hughes 

et al, 2007). A  CASCADE Collaboration study also pointed that CD4 response was strongly 
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associated with the CD4 level at which HAART was initiated. Delaying HAART initiation until 

a CD4 count of 200 cells/mL or lower reduced the chance of short-term immunologic response. 

Badri et al in 2008 have reported that the negative CD4 count slope in patients on ART was 

associated with virological failure. They concluded that the CD4 count changes correlated 

significantly with viral load at a group level, but this has limited utility in identifying virological 

failure in individual patients. According to Gazzola et al in the era of HAART, HIV/AIDS, 

clinicians have observed a remarkable reduction in AIDS-related morbidity and mortality rates 

(Gazzola et al 2009). In fact, HAART has been shown to improve survival rates among HIV-

infected individuals through its ability to reduce the HIV load to undetectable levels and to 

increase the CD4
+
 lymphocyte count in peripheral blood (defined as a full response) (Gazzola et 

al 2009). However, 15%–30% of patients have discordant responses to long-term HAART 

consisting of a lack of increase in the CD4
+
 T cell count but full suppression of HIV replication; 

these people are referred to as “immunological nonresponders” (INRs) (Gazzola et al, 2009). 

From a clinical standpoint, lack of CD4
+
 immune reconstitution during receipt of effective 

HAART represents an everyday issue in the clinical management of HIV/AIDS.From a 

therapeutic standpoint, failure of CD4
+
 cell reconstitution during receipt of virologically 

suppressive HAART indicates the need for alternative treatment strategies. The clinical 

implications of a lack of a recovery in the CD4
+
 cell count among INRs, the immunological gaps 

limiting CD4
+
 cell count recovery, and the possible therapeutic avenues that may offer clinicians 

guidance regarding the most effective treatments for these critical patients (Gazzola et al, 

2009).Highleyman in 2010 also reported poor CD4 cell recovery or no increase in CD4 count in 

a few patients on ART in their studies. Patients showing decrease in CD4 count should be 

investigated for viral load and drug resistance studies. Reasons for lowering count may be non-

adherence, lack of support from families, shortage of drugs and toxicity of drugs.  

2.4 Global perspective 

The EUROSIDA study which looked at factors associated with reduced CD4 lymphocyte count 

response to HAART in which 780 patients were included, a low CD4 count response was 

observed in 225 patients (29%). The risk factors for this condition were older age, lower baseline 

CD4 cell count, higher increases from the nadir to baseline CD4 cell count and lower viral load 

at baseline (Florence et al 2003). Another EUROSIDA prospective cohort study of 8500 ART 

naïve patients in 63 hospitals of 20  European countries who were followed up for 12 months on 
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HAART, baseline CD4 count median was found to be 150  (80-228),86% of the patients were on 

2 NRTIs + PI regimen and 10.8% were on 2 NRTIs + NNRTI regimen. It was found that only 

29% had a sub optimal increase of < 50 cells/mm
3
 at 6 months (Florence et al 2003). 

In another prospective cohort study of 2236 (PI naïve patients from 68 hospitals in France who 

were followed after 18 months on HAART, had a median CD4 count of 150 (65-263) and were 

on 2 NRTIs + PI, only 17.3% had a sub optimal CD4 increase of <50 cells/mm
3
 and argued that 

patients with only good virologic response were 3 times more likely to develop an AIDS 

defining illness/death than complete responders, RR 3.38 (2.58-5, =.0200) (Grabar et al, 2005). 

In an observational prospective study on the long term CD4 
+
 response following HAART in US 

Military, data for 1,846 persons who initiated HAART and had post-HAART CD4
+
 

measurement for whom HIV seroconversion (SC) date was estimated was analyzed. The results 

showed that CD4 cell count at HAART initiation was ≤200 cells/mm
3
 for 23%, 201-349 for 

315,350-499 for 27% and≥500 for 19%. The first 6 months post-HAART, the greatest CD4 cell 

count increases (93-151 cells) occurred with lesser increases (22-36 cells/year) through the first 

four years. In multivariate analysis adjusting for baseline CD4 cells and post-HAART time 

interval, CD4 response were poorer in those with longer time from HIV SC to HAART start, 

lower pre-HAART CD4
+
nadir, higher pre-HAART VL and clinical AIDS before HAART 

(P<0.05), therefore argued thatCD4 response to HAART is optimized if treatment is started with 

virally suppressive therapy as early as possible (Lifson et al 2011). 

2.5 Regional perspective 

In a study to assess the impact of adherence and other predictors during HAART on various CD4 

cell responses in resource limited settings in Abidjan, Cote dvoire 18 months after HAART 

initiation, they had baseline CD4 median of 97 (50-153), it was found that at 12 months ,CD4 

count was significantly influenced by both baseline CD4 count and adherence. It was found that 

the probability of no increase in CD4 cells was three times higher in patients with a baseline 

CD4 cell count of ≥200 cells/mm
3
 and 0.5 times lower with adherent patients and also at 18 

months it was influenced by both baselineCD4 cell count and adherence. The probability of no 

increase in CD4 cell count was 5.1 times higher in patients with baseline CD4 cell count of ≤200 

cells/mm
3
 and 0.28 times lower with adherent patients. It was found that at 24 months CD4 cell 

count response was significantly influenced by adherence alone. Adherence increased the 

probability by 5.8 of optimal increase in CD4 cells. They also found that age and baseline 
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clinical stage had no significant influence on immunological response (Abrogoua et al 2012). In 

a study done in 596 naïve patients at a community HIV clinic in Cape town, South Africa, who 

were followed 18 months after HAART initiation, they had baseline median of 97 (50-153)and 

were on NRTIs + NNRTIs, 7% had a sub optimal CD4 increase of <50 cells/mm
3
 at 12 months. 

2.6 Local perspective 

In Zambia, a study done by Bwalya et al, 2010 on factors affecting CD4 T-lymphocyte count 

response to HAART in HIV/AIDS patients within 24 months of HAART at Chreso Ministries 

ART centres they found  that there was an association between baseline CD4 count at treatment 

initiation and the way ones CD4 count responds to ART. They noted that clients who commence 

treatment with CD4 counts less than 350cells/μL were less likely to have an improved CD4 

count response to HAART compared to clients who begin treatment with CD4 counts above 350 

cells/μL. They also found an association between residence and type of ART regimen and CD4 

count response to HAART (Bwalya et al, 2010). 

2.7 Factors that affect the CD4 cell count response to ART 

 2.7.1Effect of age 

Age has been reported to have a significant impact on immune recovery.  The older the patient 

is, the more likely that he or she will experience delayed immune reconstitution. Older age has 

been associated with a decrease of thymic function and other regenerative mechanisms, thus 

explaining its role as an independent predictive factor of impaired immune recovery. In addition, 

recent data from cohort studies suggest that immune recovery in older patients may hide a more 

profound functional impairment, as evidenced by a persistent increased risk of AIDS-related 

events in these patients, even after adjustment for CD4+ T cell counts. A study published in 

AIDS (2000) by Roberto Manfred and Francesco Chiodo examined the effect of HAART on 

older people (defined as 55 or older) compared to younger people (35 or younger). The study 

included 21 older people (8 women, 13 men) and 84 younger people (29 women, 55 men). The 

researchers found that both groups responded to HAART, especially in reducing viral load. 

However, CD4 counts did not increase as much in the older people relative to the younger ones. 

On average, CD4 counts increased from 212 to 289 for older adults after one year of HAART. 

During the same period, CD4 counts rose from 231 to 345 for younger people. Some people may 

have a very low CD4 count even though they have an undetectable viral load. This may be 

related to decreased activity in the thymus (the gland where CD4 cells are made).  
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A 2001 study in AIDS conducted by researchers in Los Angeles included 80 HIV positive 

veterans (13 were over 55 and 67 were younger). Although both groups of veterans showed 

dramatic reductions in viral load once they were on treatment, the researchers found significant 

differences in CD4 levels at 3, 9, 15, and 18 months. After one year on HAART, average CD4 

counts increased by 50 for the older men, compared to increases of 100 for the younger ones. 

This difference was not related to baseline HIV viral load, co-infection with hepatitis C, or the 

race/ethnicity of participants. These studies represent an important first step in understanding 

how their age may affect older adults' response to HIV treatment. Since then, many studies 

including the ART cohort collaboration (ART-CC) which includes 13 cohort studies conducted 

in Europe and North America have  shown that age remains an independent predictor of clinical 

progression on HAART (Egge, 2002). 

Age at seroconversion and age at a given CD4 count were shown to be important determinants of 

progression and survival before the widespread introduction of HAART starting in 1996 (Sophie 

et al, 2006). Apparently old people do not increase their CD4s rapidly due to the aging of their 

immune system while younger people increase their CD4s rapidly due to their active and strong 

immune system which is able to recover rapidly and fight off infections. According to a meta-

analysis of 38 studies that involved more than 13000 HIV patients, age and time were significant 

factors in determining the rate of HIV progression. Patients who developed HIV antibodies 

between the age of 15 and 24 lived an average of 12.5 additional years. These patients 

progressed to AIDS after an average of 11 years. Patients who developed HIV antibodies 

between the age of 45 and 54 lived an average of 7.9 additional years. These patients progressed 

to AIDS after an average of 7.7 years (Elizabeth et al, 2011). 

2.7.2 Effect of baseline CD4 cell count 

Baseline CD4 count at initiation of ART had been suggested as an important factor to achieve a 

better outcome among HIV patients (Egger et al, 2002). In contrast, a study from India showed a 

high proportion of HIV patients with virologic and immunologic response after initiation of ART 

irrespective of the baseline CD4 cell count or viral load (Kilaru et al, 2006). Their finding was 

similar to other reports that showed no difference in virologic response after initiation of ART 

between a baseline CD4 cell count >350 cell/μl and baseline CD4 cell count <200 cell/μ l 

(Erhabor et al, 2006). People starting ART gain roughly equal numbers of CD4 cells regardless 

of their initial CD4 cell count except for those starting with extremely low or extremely high 



14 
 

counts. People starting treatment at low counts will never probably reach CD4 count near 

normal. According to (Huges et al, 2007), stated that starting treatment earlier before CD4 cell 

count fall below 350 cells/mm
3
 is better than waiting until the CD4 count has fallen below 200 

cells/mm
3
. The UK CHIC cohort study of over 17,000 UK HIV patients enrolled clients who 

started ART therapy between the beginning of 1998 and the end of 2005 and who had 

maintained undetectable viral loads from 6 months after the start of treatment to the end of the 

study. They had at least one pre-treatment CD4 cell count and another one at least six months 

after the start of the therapy. The study found that the pre-treatment (baseline) CD4 count varied 

according to the type of the patient (Cairns, 2007). For instance, the gay men comprised only 

38% of those starting with the lowest CD4 cell counts (below 25 cells/mm
3
), but 75% of the 91 

patients starting treatment with CD4 count over 500 cells/mm
3. 

Heterosexuals formed 56% of 

those staring treatment with counts under 25 cells/mm
3
 but only 18% of those starting treatment 

with more than 500 cells/mm
3
(Huges et al, 2007). Generally, a higher proportion of those 

starting treatment with CD4 cell counts below 200 cell/mm
3
were female, African and 

heterosexual. It was found that  patients with a baseline CD4 cell count >350 cells/μL  returned 

to a normal CD4 cell count after initiation of ART and stayed there for up to 6 years (Moore and 

Keruly, 2007).  In the past, ART was initiated in all patients with a baseline CD4 cell count <200 

cells/μL (WHO, 2006). The  initiation of ART at a baseline CD4 cell count <200 cells/μL may 

lead to a high proportion of patients with acquired immunodeficiency syndrome (AIDS) and a 

high case fatality rate (Baker et al, 2008; Rajasekaranet al, 2009). Other studies have shown 

thatinitiation of ART among HIV patients with a CD4 cell count >200 cells/ μl results in 

improved survival (Kitahata et al, 2009 and Severe et al, 2010). At 6 months, CD4 count is the 

only variable significantly correlated with immunological response (Kitahata et al 2004) and 

noted improved outcomes 6 months after initiation of HAART at all levels of baseline CD4 

count but in the present study, patients with a CD4 cell count of ≤200cells/mm
3
 had stabilized 

CD4 count at 6 months and they were therefore less likely to obtain optimal CD4 cell gain 

(Abrogoua et al, 2012). 
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2.7.3 Effect of ART regimen 

According to the study conducted by Ronald (2007) they found that clients on truvada were more 

likely to achieve a good immunological and virological response to HAART. According to 

Ronald, he recommended that truvada be used as a component of a triple nucleoside regimen. 

2.7.4 Effect of gender  

In a multicenter hospital-based cohort study of HIV infected patients attending 10 hospitals in 

Spain from January 1997 to December 2003, using Kaplan-Meier and Cox regression to assess 

the effect of sex on time to AIDS, survival from AIDS, onset of a new AIDS event or death and 

viral suppression from HAART, the study concluded no differences in HIV progression and 

response to HAART attributable to gender among patients accessing the Spanish hospital 

network (Hoyos et al., 2007). 

Preliminary results from the Artemis, Grace and Castle studies presented at AIDS conference in   

2008 where virologic, immunologic and safety data from different ART regimens were analyzed 

with respect to gender and ethnicity. All the three studies used PI- boosted regimens as treatment 

modalities.  Artemis compared darunavir/ritonavir to lopinavir/ritonavir in treatment naïve 

patients at 48 weeks .Grace evaluated lopinavir/ritonavir for safety and efficacy in treatment 

experienced patients after 24 weeks of follow up and the CASTLE study compared 

atazanavir/ritonavir in treatment naïve patients at 48 weeks. At baseline, patient characteristics 

were comparable across the subgroups (Artemis et al, 2008). 

In a nationwide population-based cohort study to determine the impact of gender on response to 

highly active antiretroviral therapy in HIV infected patients, they found that gender had no 

impact on time to initiation of HAART, modification of therapy the first year or response to 

HAART. The difference observed between genders was mainly attributable to initiation of 

HAART in pregnant women (Thorsteinsson et al, 2012). 

2.7.5 Effect of income 

Clinical psychiatry news of September 2003 (Robert, 2003) reported a longitudinal study having 

study participants highly diverse by ethnicity, gender and social economic status (SES). The 

group was 25% white, 43% African American, 28% Hispanic and 5% other. Males made up 65% 

of the group. 62% of the group earned less than $ 10,000 annually, 20% earned between $ 

10,000 and $ 20,000 and the rest earned more than $ 20,000. Socio-economic status was defined 

as a weighted composite of education, income and job status. This longitudinal study of 186 HIV 
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positive patients revealed a significant connection between socio-economic status and disease 

progression markers including morbidity, mortality and CD4 cell count (Robert, 2003). 

2.7.6 Effect of Residence 

 A study done on 4800 HIV+ people by Susan et al. (2001) on how CD4 increases with people 

living in urban areas and in rural areas found that 38% of rural people received good care and 

took the ARVs according to prescribed schedules while 73% of urban people received good care 

and took ARVs as prescribed. They concluded that care and good taking of ARVs in urban 

people makes them to increase their CD4 count than the people in rural areas.  The study done by 

Julia et al, (2011), found no significant difference in location. They found out that village 

increased 58% while town increased 60% after taking ARV therapy which had no significant 

difference 

2.7.7 Effect of Body mass index (BMI) 

In an observational cohort study of HIV-infected, ART-naive adults starting treatment at a clinic 

affiliated with Vanderbilt University in Nashville, Tennessee conducted by Koelte and others 

(2011) in which they assessed the relationship between pretreatment BMI and CD4 -lymphocyte 

count change from baseline to 12 months in all subjects, among those with plasma HIV-1 RNA 

levels <400 copies/mL for ≥ 6 months and those with <10% change in weight during follow-up. 

Linear regression models were adjusted for age, sex, race, protease inhibitor usage, year of ART 

initiation, and baseline CD4 (+) lymphocyte count and HIV-1 RNA level. A total of 915 patients 

met inclusion criteria; 78% were male, and their median age, BMI, and CD4 (+) lymphocyte 

count were 39 years, 24 kg/m² and 171 cells/μL respectively. The CD4 (+) lymphocyte increase 

at 12 months was greatest among patients with a pretreatment BMI of ~25-30 kg/m² and 

diminished above and below this range (P = .03). Similar patterns were observed in the subgroup 

analyses. Among patients with a pretreatment CD4(+) lymphocyte count < 200 cells/μL, a BMI 

of ~25 kg/m² was associated with the highest odds of reaching a CD4(+) lymphocyte count > 

350 cells/μL at 12 months (P = .05). They found that 12-month immune reconstitution on ART 

was highest among patients commonly classified as overweight, suggesting there may be an 

optimal BMI range for immune recovery on ART (Koelte et al, 2011) 
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2.8 Research questions 

From literature review, research questions have been developed 

1. What is the effect of ART on the HIV/AIDS patient`s immune system based on an 

indication of their gained CD4 cell count levels analysis 6 months post-HAART 

treatment? 

2. Does age, gender, BMI, income, residence, baseline CD4 count and different ART 

regimens at treatment initiation affect HIV/AIDS patient’s response to HAART? 
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 2.9 Study variables  

Table 1: The independent variables that may affect CD4 cell count response to ART and their 

scale of measurement. 

 

 

 

 

Variables Variable Scale of measurement 

Dependent variable CD4 count  ≤350cells/µL 

≥351 cells/µL 

Independent Variables Variable Scale of measurement 

 Age  Age in years 

15-29 

30-39 

40-49 

 

 Gender Male 

Female 

 Residence Urban 

Peri-urban 

Rural 

 Income  Monthly income in kwacha 

<100 

100-499 

≥500 

 BMI   BMI in Kg/m
2 

<18.5 (underweight) 

18.5-24.9 (normal weight) 

25-29.9 (overweight) 

≥30 (obese) 
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CHAPTER 3: METHODOLOGY 

3.0 Study design 

The study was a retrospective cohort study analyzing secondary routine ART data captured on 

smart care database at two different points: at baseline in 2010  and at 6 months follow-up . It 

was purely quantitative. 

3.1 Research setting 

The study was carried out in Lusaka which was purposively selected because of the highest HIV 

prevalence of 20.8% (ZDHS, 2007).The study was conducted at University Teaching Hospital 

(UTH)-Adult Centre of Excellence in Lusaka. The site was conveniently selected because of its 

location and it had over 14,000 enrolled clients and 12,211 clients on HAART as of December 

2012. The site is also well equipped with laboratory equipments for analyzing baseline tests like 

CD4 count, renal function tests, liver function tests, full blood count and others prior to ART 

initiation and also for monitoring purposes. The recording system using the smart care database 

is up to date with patients` results and information and allows for easy capturing of data as far 

back as 2010. The site also has large volumes of clients and it is the longest established ART 

clinic. 

3.2 Data collection 

A trained data clerk assisted in secondary data collection for HIV-positive patients who were 

enrolled at Adult Centre of Excellence –UTH ART clinic from 1 January-31 January 2010. Data 

extraction sheets were used to collect data as it captured all study variables. Socio-demographic 

factors were collected and included: patient`s age, gender, income and residence. ART factor 

collected was the type of ART regimen which was in two groups: Truvada based (TDF) and non 

TDF based. CD4 count factors collected included baseline CD4 count and CD4 count at 6 

months follow-up. 

3.3 Study population 

The study population comprised of HIV positive clients who were enrolled and accessing 

HAART services from UTH-Adult Centre of Excellence from 1 January to 31 January 2010, 

residing in Lusaka (urban, peri-urban and rural). UTH-Adult Centre of Excellence in Lusaka was 

conveniently selected because of its location and it had over 14,000 enrolled clients and 12,211 

clients on HAART as of December 2012.The site also has large volumes of clients and it is the 

longest established ART clinic. The site is well equipped with laboratory equipments for 
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analyzing baseline tests like CD4 count, renal function tests, liver function tests, full blood count 

and others prior to ART initiation and also for monitoring purposes. The recording system using 

the smart care database is upto date with patients` results and information and allows for easy 

capturing of data as far back as 2010. 

3.4Enrolment Procedure  

      3.4.1Inclusion criteria 

 All individuals aged between 15 to 49 years who have had baseline and a repeat CD4 

count check after 6 months and were  residing in Lusaka 

 Enrolled on ART  programme and their IDs appeared in the computerized files 

 Have not had any switch to second line in 6 months on HAART. 

 All clients whose medical records had all the required variables (Age, gender, income, 

BMI, Baseline CD4 count and type of ART regimen ) required for the study captured at 

enrolment 

3.4.2 Exclusion criteria 

 All individuals residing outside Lusaka and those who had no repeat CD4 count check 

after 6 months 

3.5 Sample selection 

A sample of 455 was selected using the computerized simple random sampling method. This 

method enables equal chances of selection of files and hence minimizes bias 

3.6 Sample size determination  

Convenience sampling was used in this study and all those who met the inclusion criteria made 

up the sample size.  There were about 1500 HIV positive clients who were enrolled in the ART 

programme at the Adult Centre of Excellence –UTH ART clinic in 2010. Of the 1500 HIV 

positive clients, only 455 met the inclusion criteria and these had their medical records reviewed 

and data analyzed at enrolment and at 6 months follow-up. The variables of this study at 

enrolment were age, gender, residence, income, baseline CD4 count and the type of ART 

regimen and also the difference in the CD4 count gain between baseline and 6 months follow-up. 

However, some variables like residence and income had large numbers of missing values hence 

these missing values were excluded from the statistical analysis using the STATA command for 

the default. When analyzing for residence and income therefore, the sample size decreased to 

392 and 356 respectively. 
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3.7 Data entry and analysis 

The data included: demographic characteristics, ART regimen and CD4 factors done at 

enrolment into ART programme and the CD4 difference at six months follow-up visits. Only 

subjects with follow-up visits of at least 6 months and have received at least 6 months of 

HAART during the study period were included in the analysis. HAART was a priori variable for 

the study. 

Analysis was done using Stata software version 12 (Stata Corporation, College Station, Texas, 

USA). Wilcoxon matched-paired signed-rank test was used to test the significance of the 

difference between medians CD4 count at baseline and after 6 months on HAART between the 

treated group and the untreated group and P < 0.001 was considered statistically significant. The 

association of each independent variable (age, gender, income, residence, and BMI and ART 

regimen) with the difference CD4 count between baseline and after 6 months follow up was 

performed in Quantile regression. Quantile regression was used to determine the effect of the 

independent variables on the CD4 cell response between baseline and 6 months post-HAART. 

Quantile regression was used for non parametric modeling for the median since the CD4 count 

data was skewed.  In Quantile regression, the data analysis was done in three steps. Bivariate 

analysis was first performed to investigate the effect of the priori variable (HAART) on CD4 cell 

response thus HAART versus difference (CD4 count at 6 months after HAART initiation minus 

baseline CD4 count. Bivariate analysis was secondly performed to investigate the associations 

between CD4 count difference and each of the independent variables and each association was in 

relation to the priori variable (HAART). Unadjusted median coefficients and their 95% 

confidence intervals (CIs) were calculated. To control for possible confounding and also 

determine interaction effects, multivariate quantile model was developed and it included all 

variables regardless of their significance status in bivariate analysis. Adjusted median 

coefficients and their 95% CIs were reported for the multivariate regression. Missing values were 

excluded from the statistical analysis using the STATA command for default thus all missing 

values were coded with a dot and the number of missing values for each variable). 
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3.8 Ethical considerations 

The research proposal was reviewed and approved by ERES CONVERGE IRB. Written 

permission was obtained from the study site to conduct the research. Since data collection did not 

involve direct patient contact, there was no consent obtained from the participants. 

Confidentiality was observed and anonymity was preserved. All data and information concerning 

the research was kept under lock and key with limited access to the research team 
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CHAPTER 4: RESULTS 

4.0 Descriptive analysis 

4.0.1 Characteristics of the sample 

Table 2 shows the demographic, ART and  CD4 count characteristics of 350 participants on ART 

treatment and 105 participants not on ART treatment, of the reproductive age (15-49years) 

residing in Lusaka  and obtaining ART services from ACOE, UTH ART clinic  and enrolled  in 

2010  whose quantitative secondary data from the medical files was  analyzed. There are missing 

values that resulted from non-collection of data for some of the variables like residence and 

income. Of the 350 participants among the treated group, the majority 183 (52.3%) were females 

and 167 (47.7%) were males and of the 105 participants among the untreated group, females 54 

(51.4%) and males 51 (48.6%) were approximately equally represented. The mean age was 36.  

The majority 160(45.7%) of the participants were in the age range of 30-39 among the treated 

group whereas the majority 53 (50.3%) were in the age range of 40-49 among the untreated.  

Most the participants 180 (51.4%) among the treated group resided in Lusaka urban whereas the 

majority 61 (58.1%) among the untreated group were from peri-urban. The monthly income for 

the majority in the two groups was more than K500.00 and this was represented by 172(49.2%) 

and 59(56.2%) among the treated and the untreated respectively. The BMI for the majority of the 

participants was within the normal range (18.5-24.9) and these were 179 (51.2%) among the 

treated and 58 (55.2%) among the untreated. The baseline CD4 count for all the treated prior to 

HAART initiation was below 350 cells/µL and of the 105 in the untreated group, 40 (38.1%) had 

Baseline CD4 count of ≤350 cells/µL whereas 65 (61.9%) had baseline CD4 count of 

≥351cells/µL. There was a significant difference in the distribution of age, residence, BMI and 

baseline CD4 count between those initiated on treatment and those who were not on treatment, P 

< 0.001. However, sex, income and ART regimen did not differ significantly between the two 

groups. 
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Table 2: Demographic and ART characteristics of the Exposed (on ART) and the 

Unexposed (not on ART) 

        EXPOSED       UNEXPOSED P-Value 

Demographic 

characteristics 

Frequency Percentage 

(%) 

Frequency Percentage (%)  

 

 

 

0.877 

Sex 

Males 

Females 

 

167 

183 

 

47.7 

52.3 

 

51 

54 

 

48.6 

51.4 

Total 350 100 105 100  

Age 

15-29 

30-39 

40-49 

 

79 

160 

111 

 

 

22.6 

45.7 

31.7 

 

20 

32 

53 

 

19.0 

30.5 

50.5 

 

 

 

 

0.002* 

Total 350 100 105 100  

Residence 

       Urban 

Peri-urban 

Rural 

*Missing 

 

180 

103 

16 

51 

 

51.4 

29.4 

4.6 

14.6 

 

20 

61 

12 

12 

 

19.1 

58.1 

11.4 

11.4 

 

 

 

 

0.001* 

Total 350 100 105 100  

Income 

<100 

100-499 

≥500 

*Missing 

 

46 

51 

172 

81 

 

13.1 

14.6 

49.2 

23.1 

 

9 

19 

59 

18 

 

8.6 

18.1 

56.2 

17.1 

 

 

 

 

0.243 

Total 350 100 105 100  

BMI 

<18.5 

18.5-24.9 

25-29.9 

≥30 

 

95 

179 

58 

18 

 

27.1 

51.2 

16.6 

5.1 

 

15 

58 

26 

6 

 

14.3 

55.2 

24.8 

5.7 

 

 

 

 

0.033* 

Total 350 100 105 100  
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ART characteristics 

TDF based 

Non TDF based 

 

313 

37 

 

89.4 

10.6 

 

0 

0 

 

0 

0 

 

 

- 

Total 350 100 0 0  

Baseline CD4 count 

0-350 

351-max 

 

 

 

350 

0 

 

 

100 

0 

 

 

40 

65 

 

 

38.1 

61.9 

 

 

 

0.001* 

 

Total 350 100 105 100  

 

*Statistically significant result 
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 Figure2:  ART Distribution among the study participants 

 The majority (77%) of the participants were on HAART and the minority (23%) were not as 

shown in Figure 2 

 

 

 

 

 

 

 

 

 

 

 

 

77% 

23% 

On ART Not on ART
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4.2 Median CD4 count 

Table 3: Wilcoxon matched-pairs signed-rank test for the median difference  

 

Baseline Median (IQR) 6 Months Median (IQR) 

 

P-Value* 

 

177.0( 81.0, 291.0) 

 

227.0(191.0, 420.0) 

 

P < 0.0001* 

*P-value for Wilcoxon matched –pairs signed-rank test for the difference between medians 

 IQR: Interquartile range 

*Statistically significant result 

There was a significant increase in the median CD4 count from 177 cells/µL (IQR: 81.0, 291.0) 

at baseline to 272 cells/µL (IQR: 191.0, 420.0) at 6 months follow-up on HAART, P < 0.0001 as 

shown in Table 3. 

 

Table 4: CD4 count at Baseline and 6 months follow-up 

 Treated (on HAART) 

n=350 

Untreated (Not on HAART) 

n=105 

Overall (on HAART and not 

on HAART 

n=455 

CD4  count 

improvement 

BASELINE 

 

Number (%) 

6 MONTHS 

 

Number (%) 

BASELINE 

 

Number (%) 

6 MONTHS 

 

Number (%) 

BASELINE 

 

Number (%) 

 

6 MONTHS 

 

Number (%) 

 

 

< 350 

 

350 (100) 

 

35 (10) 

 

40(38) 

 

78 (74) 

 

390 (86) 

 

113 (25) 

 

>350 

 

0 (0) 

 

315 (90) 

 

65 (62) 

 

27 (26) 

 

65 (14) 

 

342 (75) 

 

 At baseline, all the 350 participants in the treated group had CD4 count less than 350 cells/µL 

whereas at 6 months after HAART initiation the majority 315 (90%) had CD4 count above 350 

showing an improvement and 35 (10%) remained with CD4 count less than 350 cells/µL.  On the 
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other hand, of the 105 participants in the untreated group, the majority 65 (62%) had baseline 

CD4 count above 350 and 40 (38%) had baseline CD4 count less than 350. However, at 6 

months follow-up, the majority 78 (74%) had CD4 count less than 350 and only a few 27 (26%) 

had CD4 count above 350. The overall results for the 455 participants shows that the majority 

390 (86%) had baseline CD4 count less than 350 whereas at 6 months, the majority 342 (75%) 

had CD4 count above 350.             

4.3 Quantile regression 

4.3.1   Bivariate analysis 

Art was the variable of interest and was coded as: On HAART= 1, Not on HAART =0 

 Table 5: Quantile regression HAART, baseline CD4 count and ART regimen among the  

Participants 

 Median coefficient (95% 

CI) 

P- Value 

 

HAART 

 

187 (159.1 ,214.9) 

 

< 0.001* 

Baseline CD4 count 0.78 (0.67, 0.89) 0.001* 

TDF 

Non TDF 

-34 (-90.73, 22.73) 

0 

0.239 

- 

*Statistically significant result 

 

 Table 5 shows that those that were on HAART were most likely to increase their CD4 count by 

a CD4 count median value of 187 (95% confidence interval: 159.1, 214.9). The median increase 

in CD4 count among those on HAART as compared to those not on HAART was significant, P < 

0.001. There was a significant association between baseline CD4 count and CD4 count after 6 

Months on HAART, P < 0.001. However, there was an insignificant association between ART 

regimen and CD4 count difference after 6 months on HAART, P=0.239 as shown in Table 5. 
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4.4 Multivariate analysis 

Table 6: Factors associated with CD4 cell response to HAART 

 

Variable Number 

(%) 

Unadjusted Median 

coefficient (95%) 

P-value Adjusted Median 

coefficient (95%) 

P-value 

Art  187 (159.1, 214.9) < 0.001   

Age (N=455) 

15-29 

30-39 

40-49 

 

99 (21.8) 

192(42.2) 

164(36.0) 

 

0 

22 (-9.16, 53.16) 

5 (-27.17, 37.17) 

 

- 

0.166 

0.760 

 

0 

26.5(-48.83, 96.84) 

-3.5(-78.02, 71.02) 

 

- 

0.459 

0.926 

Gender(N=455) 

Male 

Female 

 

218(47.9) 

237 (52.1) 

 

0 

1 (-22.14, 24.14) 

 

- 

0.932 

 

0 

2.5 (-49.31, 54.31) 

 

- 

0.924 

Income(N=356) 

<100 

100-499 

≥500 

 

55 (15.5) 

70 (19.7) 

231(64.9) 

 

0 

10 (-41.92,61.92) 

4 (-39.36, 47.36) 

 

- 

0.705 

0.856 

 

0 

19.5 (-66.21, 105.21) 

1  (-72.31, 74.31) 

 

 

 

- 

0.655 

0.979 

 

Residence(N=392) 

Urban 

Peri-urban 

Rural 

 

200 (51.0) 

164 (41.8) 

28 (7.1) 

 

0 

12 (-20.21, 44.21) 

51 (-7.35, 109.35) 

 

- 

0.464 

0.087 

 

0 

-48 (-101.59, 5.59) 

-12.5(-111.26, 86.26) 

 

 

- 

0.079 

0.804 

 

BMI (N=455) 

<18.5 

18.5-24.9 

25-29.9 

≥30 

 

110 (24.2) 

237 (52.1) 

84 (18.5) 

24 (5.3) 

 

0 

-35(-67.83, -2.17) 

-30 (-71.46, 11.46) 

20 (-43.19,83.19) 

 

- 

0.037* 

0.156 

0.534 

 

0 

-80 (-141.70, -18.30) 

-99 (-178.20, -19.80) 

-101(-224.84, 22.84) 

 

- 

0.011* 

0.014* 

0.110 

*Statistically significant result 
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The results of bivariate and multivariate analysis are shown in able 6. In bivariate analysis, BMI 

of an HIV-positive person was significantly associated with CD4 count gain between baseline 

and 6 months after the initiation of HAART. Patients with normal BMI (18.5-24.9Kg/m
2
) at 

HAART initiation were less likely to increase their CD4 count by a median CD4 count value of -

-35 (95% CI: -67.83, -2.17) than those who were underweight (<18.5Kg/m
2
), P < 0.005. In 

bivariate analysis, baseline CD4 count was also significantly associated with CD4 count gain, P< 

0.005 as shown in Table5. However, age, gender, income and residence were not statistically 

significant in bivariate analysis. In multivariate analysis, BMI was significantly associated with 

CD4 count gain between baseline and 6 months after HAART initiation. Patients with normal 

and overweight were less likely to increase their CD4 count by a median value of -80 (95% CI: -

141.70, -18.30) and -99 cells (-178.20, -19.80) respectively as compared to those who were 

underweight, P < 0.005. Therefore, having normal weight and being overweight were inversely 

proportional to having a gain in CD4 count. Baseline CD4 count was not included in the 

multivariate analysis model because the model was designed for interaction effect of each of the 

independent variables and the CD4 count difference and baseline CD4 count was part of the 

difference .However, age, gender, income and residence  and type of ART regimen  were not 

statistically significant in multivariate analysis. 

Therefore, only one variable emerged as strong predictive factor for CD4 count response to 

HAART from the multivariate regression analysis. An HIV-positive person with normal weight 

was less likely to increase their CD4 count by a median value of -80 (95% CI: -141.70, -18.30) 

and an HIV-positive person with overweight was less likely to increase CD4 count by a median 

CD4 count value of -99 (95% CI:-178.20, -19.80) than the one who was underweight. 
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CHAPTER 5: DISCUSSION  

5.0 Effect of HAART on CD4 cell response 

The results of this study highlight the importance of using HAART in HIV-positive people.  

HAART was the priori variable, thus our major variable of interest. The strong association 

between CD4 count gain and HAART usage suggests the positive effect of scaling up ART 

usage and programmes to maximize the benefits among people living with HIV/AIDS. Therefore 

the null hypothesis which states that there is no difference in CD4 cell count gain whether on 

HAART or not in adults of the reproductive age (15-49 years) living with HIV/AIDS in Lusaka  

has been rejected.   Our findings of an increase  in median CD4 count after 6 months of ART 

thus from 177 cells/µL at baseline to 272 cells/µL after 6 months on HAART are comparable to 

similar findings in several studies where median CD4 was noted to increase from baseline to 6 

months of HAART. In line with our study, Mocroft et al in 2007 reported the greatest mean 

increase in CD4 count of 100 cells/mL after the first year of ART. Similarly, a study done in 

India by Minal et al, in 2012 on statistical analysis and evaluation of CD4 count after 6 months 

on ART found that the mean CD4 count in 57 patients before ART was 222, with standard 

deviation ± 149 of mean value. After 6 months of ART, the mean value of CD4 count increased 

to 306 with ± 178 standard deviation of mean value. This shows that after ART intervention for 6 

months, the mean CD4 count increased. CASCADE Collaboration have reported that the median 

CD4 count increase at 6 months on ART was 119 cells/ml from 222 to 306, a picture that all of 

them are being benefited from the ART. Similar results were found by Nash D in a long term 

immunologic response to antiretroviral therapy in low income countries in 19,967 cohorts from 

sub-Saharan Africa, Latin America and Asia. He found that median CD4 count increased from 

114 cells/µL at ART initiation to 230 (IQR: 144-338) at 6 months. This is the expected 

immunological response to ART.  However, there has been a non-increase or poor response in 

CD4 count in a few patients on HAART as shown in table 4 by the number of patients that 

started and remained with CD4 count of less than 350. This could have been as a result of 

virological failure though not checked in our study. The other possibility is the low baseline CD4 

count at HAART initiation for some patients. The possibility of poor response has also been 

reported in similar studies: CASCADE Collaboration also pointed that CD4 response was 

strongly associated with the CD4 level at which HAART was initiated. Delaying HAART 

initiation until a CD4 count of 200 cells/mL or lower reduced the chance of short-term 
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immunologic response. Highleyman in 2010 also reported poor CD4 cell recovery or no increase 

in CD4 count in a few patients on ART in their studies. Patients showing decrease in CD4 count 

should be investigated for viral load and drug resistance studies. Other reasons for lowering CD4 

count may be non-adherence which was not checked in our study because the majority had 

missing information on adherence. 

5.1 Factors that affect CD4 cell response to HAART 

BMI was statistically associated with CD4 count gain. The lower likelihood of CD4 count gain 

by having a normal weight and also overweight was different from the other findings from a 

study done by Koelte and others in 2011 who found that 12-month immune reconstitution on 

ART was highest among patients commonly classified as overweight, suggesting there may be 

an optimal BMI range for immune recovery on ART (Koelte et al, 2011). The difference in the 

findings would have been the big sample size they used as compared to ours which would have 

weakened the power of our study. 

There was no association between age and CD4 count gain. This implies that age has no effect in 

CD4 count response since adults have same health seeking behavior and hence can easily access 

medical services own their own. This is in line with findings of the other study (Grabar et 

al,2004) which reported that age was not an independent predictor of CD4 response to HAART.  

. This was different from the findings of the study conducted by Sophie and others who found 

that age at seroconversion and age at a given CD4 count were shown to be important 

determinants of progression and survival before the widespread introduction of HAART starting 

in 1996(Sophie et al, 2006).  

 Gender was found to be statistically insignificant in predicting CD4 cell count gain in people 

living with HIV/AIDS. This implies that the gain in CD4 count between males and females was 

comparable. This is in line with the based cohort study done in 10 multicenter hospitals in Spain 

where they found that there were no differences in HIV progression and response to HAART 

attributable to gender among patients accessing the Spanish hospital network (Hoyos et al., 

2007).  This is because health seeking behaviour is the same between the males and females and 

they can easily access medical services. 

The study revealed no association between income and CD4 count gain.  Income was found to be 

statistically insignificant in predicting the CD4 cell count gain in people living with HIV/AIDS. 

The results of this study were different from those of the studies done on socioeconomic status 
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by Robert in 2003 whose study revealed a significant connection between socio-economic status 

and disease progression markers including morbidity, mortality and CD4 cell count (Robert 

2003). The difference in the findings may have been as a result of some missing values for 

income indicated by 99 participants who were not considered in the analysis because their 

monthly incomes were not captured at baseline hence reduced the sample size thereby 

weakening the power of the study. 

In our study, residence was found to be statistically insignificant in predicting CD4 cell count 

gain suggesting care levels and the taking of ARV drugs was similar between urban and rural 

location. This was in line with a study done by Susan et al. (2001), of good care taking and 

access to the treatment was not a factor. However, these findings were different from the other 

study done on 4800 HIV+ people by Susan et al. (2001) on how CD4 increases with people 

living in urban areas and in rural areas which found that 38% of rural people received good care 

and took the ARVs according to prescribed schedules while 73% of urban people received good 

care and took ARVs as prescribed. They concluded that care and good taking of ARVs in urban 

people makes them to increase their CD4 count than the people in rural areas. The difference 

from other studies could be attributed to easy access to Health facilities offering ART services in 

Zambia currently due to scale up of ART programmes and services and an increase in Health 

facilities offering these services and equity in the health care services makes these services 

available to everyone. The difference in the findings can also be attributed to differences in the 

sample sizes as they used a big sample size of 4800 whereas ours was 392 which might have 

affected the power of the study.     

The study showed that there was no association between the type of ART regimen and CD4 cell 

count gain. These findings were different from the findings of a study conducted by (Ronald 

2007) with findings that truvada gives a very good immunological recovery. The difference 

could be attributed to some unknown confounders in our study which we could not measure and 

also that our sample size was smaller (455) compared to the larger sizes used in the analyses in 

the above study.  

Baseline CD4 count was found to have an association with CD4 count gain in bivariate analysis 

but was not included in the multivariate analysis as it was limited by the type of the model. 
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5.2 Study limitations 

The current study had the limitation that the missing values for some of the variables (residence 

and income) may have introduced a level of non-response bias, thereby reducing the power of 

the study. The large number of participants with missing values was partly because they were not 

captured at the ART clinic at baseline.  This means patients with missing details might have been 

different from those with complete details in certain respects. Another limiting factor was the 

sample size. No formula was used to come up with the sample size. All participants who met the 

inclusion criteria made up the sample size and this might have affected the power of the study. A 

bigger sample size is recommended with a power of study of at least 80%. The other limiting 

factor was that the values of the variables were dependent on the client information given during 

enrolment, hence the study was likely to be affected in cases were clients gave wrong details. 

Finally, the results from this study cannot be generalized since it was just restricted to one setting 

and didn`t apply to the whole population hence there is need to do the same study in other local 

settings to compare the findings.  
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CHAPTER 6: CONCLUSION AND RECOMMENDATIONS 

6.0 Conclusion 

The priori factor to CD4 cell count response was HAART. Those on HAART were more likely 

to increase their CD4 count by 187 cells/µL than those who were not. The median CD4 count 

increased from 177 at baseline to 272.0 and this was significant. In relation to being on HAART 

or not, BMI was the only predictive factor of immunological recovery indicated by CD4 count 

gain at 6 months. However, the gain in CD4 count in relation to HAART was comparable among 

the age groups, males and females, for different incomes, different residential areas, and ART 

regimens. 

6.1 Recommendations 

There is need to strengthen and implement scale up of ART programmes to improve immunity 

levels and quality of life among people living with HIV/AIDS. There is also need for advocacy 

and sensitization on the importance and benefits of HAART usage as the benefits outweigh the 

risks hence VCT services must be strengthened to enable people know their HIV status and seek 

medical services early. The study has also shown that BMI is associated with CD4 count gain, 

the only predictive factor for CD4 count response to HAART. There is therefore need to monitor 

the BMI of people living with HIV/AIDS. There is need to carry out the same study with a large 

sample size as the study was limited by the small sample size which weakened the power of the 

study. 
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APPENDICES 

Appendix I: Data extraction form 

Data extraction form: Clients initiated on ART from January 1
ST

 -31
ST

 December 2010 

Checklist Number…………………………………………………………………………………… 

 

Province    

District    

Facility name    

Facility ID    

Facility of ART 

initiation 

   

 Initiation   

Date of  visit    

Age    

Sex    

Residence    

Monthly income    

BMI    

CD4 count    

ART regimen    

 Visit 1 Visit 2 Visit 3 

Date of visit    

ART regimen    

Number of ART doses 

missed 

   

Reasons for missed 

doses 

   

CD4 count    

Comments 

(transferred out,  

transferred in 

deceased, absconded) 
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Appendix II: Authorization letter from study site 
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Appendix III: Clearance letter from Ethics committee 
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