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SUMMARY 
Objective: The study sought to document the experi-
ence of immunological improvement among Ghanaian 
PLHIV on HAART comparing different categories of 
patients. 
Setting: Serology Unit, Komfo Anokye Teaching Hos-
pital, Kumasi, Ghana. 
Participants: The study comprised a convenient sam-
ple of 303 treatment naïve HIV patients due to start 
HAART.  
Methods: Questionnaires were used to collect patient 
demographic and clinical data. Four CD4 counts were 
measured at six-monthly intervals to determine rates of 
CD4 change. These were pre-therapy, 1st post- therapy, 
2nd post- therapy, and 3rd post-therapy counts. The rates 
of CD4 change among the different categories of pa-
tients were also compared. 
Results: At baseline, women had higher CD4 count 
(mean of 77.4cells/!l), and mean age of participants 
was 40 years. The CD4 count increased from a mean 
baseline of 70.2 cells/!l to 229.2, 270.0, and 297.6 
cells/!l at 6, 12, and 18 months of treatment respec-
tively (P <0.0001 at each time point). There were no 
gender (P=0.46) and age (P=0.96) differences in treat-
ment response. There was no difference (P=0.18) in 
treatment response comparing those with CD4 <250 
cells/!l and those whose CD4 count was between 250 
and 350 cells/!l at baseline although patients with 
baseline CD4 count <250 cells/!l showed larger in-
creases after 12 months of treatment. Out of 282 pa-
tients with pre-therapy CD4 count "250 cells/!l, 241 
(85.5%) and 41 (14.5%) were adherents and non-
adherents respectively. Mean rate of increase was 15.2 
and 8.4 cells/!l/month in adherent and non-adherent 
patients respectively (p=0.2). 
Conclusion: The study suggests that a sustained CD4 
increase could be achieved in adherent patients com-
mencing therapy with baseline CD4 count "250 
cells/!l, and that these patients have greater ability for 
immunological recovery during 12 months of treat-

ment. The study, therefore, concludes that significant 
immunological improvement is possible among Ghana-
ian PLHIV on HAART as long as a high level of 
treatment adherence is observed. 
 
Keywords: Immunological, Response, HIV, HAART, 
Ghana,  
 
INTRODUCTION 
In recent years, global commitment, action and re-
sources to combat the human immunodeficiency virus 
(HIV) pandemic have increased markedly1. Despite 
recent progress, at the end of 2009, an estimated 33.3 
million people globally were living with HIV, and 
more than 2.6 million new HIV infections occurred in 
that year with 1.8 million AIDS (acquired immune 
deficiency syndrome) related deaths2. Sub-Saharan 
Africa remains the hardest hit region, with two-thirds 
of the global burden.2,3 The burden of HIV/AIDS in 
resource-limited settings is extensive.3 In Ghana, the 
pandemic is well documented and has gone beyond a 
health problem, and now encompasses all socio-
economic aspects of life.4  
 
Effective care for people living with HIV/AIDS 
(PLHIV) requires highly active antiretroviral therapy 
(HAART) for those who are eligible for treatment5. 
Since its introduction in 1996, mortality and morbidity 
rates in HIV-infected individuals in countries with 
widespread access to HAART have plummeted.6,7 The 
main effect of HAART is to suppress viral replication, 
allowing the individual's immune system to recover 
and protecting him/her from the development of AIDS 
and death. In most sub-Saharan African countries, de-
cisions to initiate and monitor ART rely on clinical and 
immunological assessment, with viral load not part of 
the management protocol due to resource limitations.8 
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In Ghana, hitherto, the national CD4 cell count value 
for patients initiating treatment was "250 cells/!l and 
"350 cells/!l for pregnant women.9 However, the na-
tional policy, in improving better response to therapy in 
accordance with World Health Organization (WHO) 
guidelines, has since 2008, increased the CD4 cell 
count to "350 cells/!l and below for all patients.10 The 
immunological response of PLHIV initiated on 
HAART in Ghana is however not well documented 
although elsewhere there is documentary evidence on 
immunological response to HAART.6,7 The study ob-
jective, therefore, was to document the experience of 
immunological improvement among Ghanaian PLHIV 
on HAART; comparing different categories of patients.  
 
METHODS 
Study design 
The study was conducted between October 2006 and 
July 2009. Baseline CD4 cell counts before initiation of 
therapy for the study population was "250 cells/!l for 
patients who enrolled in 2006/2007. However, in the 
course of the study, baseline CD4 cell count was 
changed from "250 to "350 cells/!l in 2008 as a na-
tional policy for the start of ART10. The change was, 
therefore, captured into the study, and few patients 
with baseline CD4 cell counts of "350 cells/!l were 
enrolled in the early part of 2008.  These patients were 
stratified into two CD4 categories:  those starting 
treatment with CD4 cell count <250 cells/!l and those 
starting treatment with CD4 cell count between 250-
350 cells/!l. Antiretroviral therapy was based on triple-
drugs regimens consisting of two nucleoside reverse 
transcriptase inhibitors (NRTIs) and one non-
nucleoside reverse transcriptase inhibitors (non-
NRTIs)10. ‘Adherent’ was defined as patients without 
treatment interruptions while ‘non-adherent’ was de-
fined as patients who defaulted in treatment during the 
study period. Adherence was monitored using self-
reports from patients.9,10  
 
Study population and sample collection 
The study population composed of HIV-positive pa-
tients, 15 years and above, who were treatment naïve. 
These patients had enrolled at the KATH HIV Clinic 
and were due to start HAART treatment. Patients’ de-
mographic data was collected in the form of question-
naires, and their clinical data extracted from their clinic 
files. The total sample size was 303. This sample size 
followed the convenient sampling approach11 where 
every patient who met the eligibility criteria for initiat-
ing HAART and consented to take part in the study, 
was selected until the study period was over. About 
3ml of whole blood was collected from each patient 
using sterile Becton Dickinson (BD) vacutainer tubes 
containing ethylene-diamine-tetra-acetic acid (EDTA) 
to prevent coagulation. 

CD4+ lymphocyte measurement by flow cytometry 
The laboratory analyses were carried out at the Serolo-
gy Unit of the Komfo Anokye Teaching Hospital 
(KATH) in Kumasi. CD4 cell count was determined by 
immune-labelling and fluorescence-activated cell sorter 
(FACS) analysis using BD FACSCount automated 
reader (Becton Dickinson, San Jose, CA, USA) accord-
ing to the manufacturer’s instruction. The test used 
fluorochrome-labelled anti-CD3, CD4 and CD8 mono-
clonal antibody detection system. In all, four CD4 
count measurements were taken at six monthly inter-
vals. These were pre-therapy, 1st post- therapy, 2nd 
post- therapy, and 3rd post-therapy counts. Quality 
control was done on a daily basis following the manu-
facturer’s instructions12, to validate patient results and 
to ensure system linearity.  
 
Statistical analysis 
Patient demographic data and CD4 counts were entered 
into Microsoft Excel 2007, and later imported to 
GraphPad Prism version 5 (GraphPad Software, Inc., 
USA) for statistical analysis. To normalize the results, 
the logarithm (log10) of each CD4 count value was 
obtained. The mean of the logarithmic values for each 
group (pre-therapy, 1st, 2nd and 3rd post-therapy 
counts) was converted back to a base 10 number using 
the antilogarithmic formula (=10^ [mean value]) to 
obtain the geometric mean.13 Paired sample t-test was 
used to determine the rate of CD4 increases, gender 
response to treatment, and treatment response by base-
line CD4 count. One-way analysis of variance was 
used to determine the association between treatment 
response and age of patient. For all comparisons, P-
value was set at P<0.05 for establishing statistical sig-
nificance. A two-tailed P-value was used. 
 
Ethical approval 
The Committee on Research, Publication and Ethics of 
the KNUST Medical School and Komfo Anokye 
Teaching Hospital, gave approval for the study to be 
undertaken. Written informed consent form was ob-
tained from each participant.  
 
RESULTS 
Baseline characteristics of patients 
 CD4 count values were expressed in geometric mean. 
Of the 303 patients who were eligible and consented to 
take part in the study, 262 (86.5%) were adherents. Of 
this, 200 (76.3%) patients with baseline CD4 cell count 
of <250 cells/!l were enrolled in the years 2006/2007 
to evaluate their immune response to HAART.  
 
Sixty-two patients who commenced therapy with base-
line CD4 cell count of "350 cells/!l were also enrolled 
in the early part of year 2008 to compare treatment 
response by baseline categories.  
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Forty-one (13.5%) pa tients out of the 303 patients 
were non-adherents. The main baseline characteristics 

of patients are shown in Tables 1 and 2. 

 
Table 1 Baseline characteristics of study participants before the start of HAART for adherent patients (262) 

Characteristics !" #" Characteristics !" #"

Gender 
! !

Religion 
  Women 180 68.7 Christianity 193 73.6 

Men 82 31.3 Moslem 19 7.3 

! ! !
Other 1 0.4 

!! !! !! Missing Data 49 18.7 
Employment Status 

!  
Marital Status     

Unemployed 40 15.3 Single 57 21.8 
Self-employed 144 54.9 Married 91 34.7 
Workers 29 11.1 Divorced/Widowed 77 29.4 

Missing Data 49 18.7 Missing Data 37 14.1 
Level of Education 

  
WHO Staging 

 !Non-Educated 36 13.7 I 35 13.4 
Primary/JSS 127 48.5 II 70 26.7 
Secondary 36 13.7 III 59 22.5 
Tertiary 15 5.8 IV 7 2.7 

Missing Data 48 18.3 Missing Data 91 34.7 
Age group (year) *     Baseline CD4 (cells/!l) †  (n=200) 

 15-34 83 31.7 <100 92 46 
35-54 156 59.5 100-199 72 36 

55-74 23 8.8 200-250 36 18 
* Age    (year), mean (40), minimum (15), maximum (70) 
† Baseline CD4 (cells/!l), geometric mean (70.2), minimum (2), maximum (248) 
 
Table 2 mean baselines CD4 between various charac-
teristics at start of therapy 

Characteristics 
Baseline CD4 
(cells/$l) 

Age (year) 
 15-34 56.8 

35-54 78.3 

55-74 75.8 
Sex 

 Women 77.4 

Men 57.4 
 
Treatment outcome 
Treatment outcome of two hundred (200) adherent 
patients who started therapy with baseline CD4 cell 
count of <250 cells/!l were enrolled in 2006 and 2007 
to evaluate their immune response to HAART after 6, 
12, and 18 months of treatment.  

The mean pre-therapy CD4 cell count was 70.2 
cells/!l. The most significant immunological response 
to treatment occurred after 6 months of therapy with a 
mean CD4 increase of 229.2 cells/!l (p<0.0001). Sub-
sequently, there were slower steady increases in CD4 
counts as seen in figure 1. Increases were, however, 
significant at each time point: from first to second post-
therapy (p=0.002) and from second to third post-
therapy (p=0.0036) counts. Overall, the immunological 
response to HAART was very significant after 18 
months of treatment (from 70.2 to 297.6 cells/!l) with 
p<0.0001. 
 
Adherence and treatment response 
In all, there were two hundred and eighty two (282) 
patients who started therapy with baseline CD4 count 
of <250 cells/!l during the study period (2006-2008). 
Of this, 241 (85.5%) and 41 (14.5%) were adherents 
and non-adherents respectively.  
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Figure 1 Rate of CD4 increases showing immunological 
response of 200 hundred patients who commenced therapy 
with baseline count of <250 cells/!l in 2006/2007.  
 
The immune responses of these two categories (both of 
which had baseline CD4 count <250 cells/!l) were 
compared. Adherence was monitored using self-reports 
from patients.9,10 The mean pre-therapy CD4 count for 
non-adherent patients was 72.9 cells/!l which was 
slightly higher than adherent patients (66.9 cells/!l) as 
shown in figure 2. After 6 months of treatment, CD4 
count had increased to 211.1 (p<0.0001) and 103 
cells/!l (p=0.21) for adherents and non-adherents re-
spectively.  

Figure 2 Comparing immune recovery in adherent and non-
adherent patients.  
 
Thereafter, a steady rise of 57.2 cells/!l (P<0.0001) 
and 22.1 cells/!l (P=0.48) was observed for adherents 
and non-adherents respectively.  
 
Overall, CD4 cell count increases after 12 months of 
treatment were 201.4 and 52.2 cells/!l for adherents 
and non-adherents respectively. The study, however, 
could not establish a difference in treatment response 
between adherents and non-adherents after 12 months 
of therapy (p=0.2).  
 

Gender response to HAART 
Among the adherent patients in the study, there was a 
higher proportion of women (68.7%) than men 
(31.3%). Women exhibited higher CD4 count values 
(77.4 cells/!l) than men (57.4 cells/!l) before the start 
of therapy. The respective CD4 increases for men and 
women were 199.9 and 244.8 cells/!l at 6 months, and 
250.8 and 279.8 cells/!l at 12 months (Figure 3). After 
18 months of treatment, CD4 count had increased from 
baseline of 57.4 cells/!l to 259.9 cells/!l in men 
(P<0.0001), and from baseline of 77.4 cells/!l to 317.6 
cells/!l in women (P<0.0001). A one-way analysis of 
variance of individual patient’s counts showed signifi-
cant CD4 increases for both men and women respec-
tively. The study, however, found no gender difference 
in treatment response (P=0.46) after 18 months.  
 
Treatment response in different age categories 
The age of the patients was stratified into three catego-
ries namely: 15-34 years (category A), 35-54 years 
(category B) and 55-74 years (category C) for adherent 
patients. Baseline CD4 was 56.8, 78.3, 75.8 cells/!l for 
categories A, B and C respectively. There were rapid 
initial CD4 increases at 6 months for all categories 
(category A: 208.7, category B: 240.5, category C: 
242.9 cells/!l). This was followed by slower steady 
increases afterwards as shown in Figure 4. After 18 
months of treatment, CD4 cell count rose from 56.8, 
78.3 and 75.8 cells/!l pre-therapy count to 301.7, 303.9 
and 250.2 cells/!l in category A, category B and cate-
gory C respectively (p<0.0001 for all categories). 
There was no CD4 increase between second and third 
post-therapy counts (250.7 and 250.2 cells/!l) in cate-
gory C.  

 
Figure 3 Rate of CD4 increases showing gender response to 
treatment for 262 patients who commenced therapy with 
baseline count of "350 cells/!l and were adherent.  
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Figure 4 Immune recovery among different age categories of 
patients on HAART.   
 
Baseline CD4 and treatment response 
Among those who were adherent, patients were catego-
rized into two CD4 strata: category A (baseline CD4 
count of <250 cells/!l) and category B (baseline CD4 
count between 250-350 cells/!l) for patients who en-
rolled in 2008. These were sixty-two (62) in total. 
Mean pre-therapy CD4 count was 50.8 and 303.4 
cells/!l for categories A and B respectively. CD4 in-
creases from baseline were 87.3 and 206.9 cells/!l at 6 
and 12 months, respectively for category A, and 35.8 
and 31.6 cells/!l for category B (shown in figure 5).  
 
Figure 5 Change in CD4 count for two CD4 categories: 
baseline of <250 and 250-350 cells/!l respectively. 

 
 
There was a decrease of 4.2 cells/!l at 12 months from 
the previous count. Statistically, however, the study 
found no significant difference in (P=0.18) treatment 
response between the two baseline CD4 categories. 
 
 

DISCUSSION 
This study showed a rapid first phase of immunological 
recovery within six (6) months of therapy with a mean 
of 229.2 cells/!l. This was followed by more gradual 
second and third phases of immunological recovery 
with a mean of 270 cells/!l at 12 months and 297.6 
cells/!l at 18 months of treatment. The large early in-
creases in CD4 counts within the first six months after 
administration of HAART may be due to immune re-
constitution and redistribution of CD4 T cells that were 
sequestered from the lymphoid tissues into the circulat-
ing blood14. Touloumi et al. (2008) 14 explain that, it 
takes a longer period for new CD4 cells to be formed, 
and this might have accounted for the subsequent 
slower rate of CD4 count increases. After 18 months of 
treatment, immunological response of patients was 
significant (p<0.0001), with an average rate of 12.6 
cells/!l/month. This is consistent with other studies15,16 
where a sustained immunological response was report-
ed after a successful initiation of HAART.  
 
Although adherence to therapy is a major challenge 
especially in developing countries, the study observed 
a high level of adherence in most patients. This is con-
sistent with a study in Cambodia where as high as 95% 
of patients enrolled in a comprehensive care pro-
gramme were adherents.17 Non-adherent patients com-
menced treatment with a slightly higher baseline CD4 
count than adherent patients. However, adherent pa-
tients chalked up significant CD4 increases at each 
time point (p<0.0001), whereas in non-adherent pa-
tients, CD4 increases were non-significant (p=0.21 and 
0.48 at 6 and 12 months respectively). As in other stud-
ies18,19, the study observed that adherent patients had 
better immune recovery compared to baseline CD4 
levels than non-adherent patients. Rougemont et al.20 
reports adherence to be a major key to attaining good 
immunological recovery. The inability of the study to 
detect a significant difference (P=0.2) may have been 
due to the large disparity in numbers between adherent 
and non- adherent patients. 
 
There was higher proportion of women than men in the 
study with women demonstrating higher CD4 count 
(77.4cells/!l) than men (57.4cells/!l) at baseline. Per-
haps this may be a reflection of women seeking treat-
ment earlier than their male counterparts. Good immu-
nological recovery was observed during therapy in both 
sexes. Although women had more favourable responses 
than men during therapy, the study found no gender 
differences in treatment response (p=0.46). 
  
The age of the patients was stratified to ascertain the 
immune recovery among different age categories of 
patients starting HAART. The different age categories 
had similar for baseline CD4 counts.  
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The study showed that younger and middle aged pa-
tients responded to treatment better than older patients. 
This may be due to the fact that younger age is associ-
ated with more rapid CD4 recovery due to preserved 
thymic function.21,22 The slower immune response in 
older patients may be due to the gradual deterioration 
of the immune system as a result of functional decline 
of T cells with age. It is reported that age of patient at 
start of HAART could influence CD4 cell recovery.22  
 
The study observed that patients in the lower CD4 cat-
egory showed larger and significant increases at 6 and 
12 months respectively. In line with the findings of this 
study, many studies have23-26 reported greater CD4 
increases among highly advanced adherent patients. A 
study27 also reported significant increases after four (4) 
weeks of treatment in patients with <200 cells/!l in a 
study in Botswana. A number of studies28, 29 have also 
shown that a good immunological response to HAART 
can be achieved regardless of the CD4 count at initia-
tion of therapy. 
 
A major limitation of the study was the small number 
of patients who participated. This was partly due to 
patients’ unwillingness to participate and partly due to 
time constraints on the part of the authors. Thus, the 
study results may not be generalized. The study sug-
gests that more studies on treatment adherence and 
immune response among patients on HAART may be 
required. This will help strengthen National HIV/AIDS 
Control Program’s establishment of an early warning 
system for HIV drug resistance and monitoring effec-
tiveness of treatment, using adherence as one of the 
indicators. 
 
CONCLUSION 
The study can conclude that significant immunological 
improvement is possible among Ghanaian PLHIV on 
HAART as long as a high level of treatment adherence 
is observed. The data has shown that significant CD4 
gains are possible after 18 months of treatment in pa-
tients commencing therapy with baseline CD4 count 
"250 cells/!l. 
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