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Abstract
Background: The use of antiretroviral therapy (ART) for the treatment of human immunodeficiency
virus (HIV) is associated with significant and sustained decrease in the viral RNA levels that allows the
immune system to recover. The extent of this immune recovery depends on the baseline CD4 count.
Evidence on the extent of immune recovery in patients with advanced HIV from resource limited
settings is scarce. The objective of this study was to determine immune recovery in a cohort of HIV
infected outpatients after using ART for a period of 2 years
Methods: This retrospective cohort study was conducted in an outpatient HIV clinic at Bugando
Medical Centre in northwestern Tanzania. CD4+ T-cell counts for HIV-positive adults at the time of
enrolment were measured and retrospectively followed up during ART eligibility screening process
prior to initiation of antiretroviral (ARV) drugs. We then compared the CD4+ T-cell counts at baseline
and that during the enrolment.
Results: A total of 238 patients files were screened for enrolment. Of the 238 patients, 171 (71.8%)
fulfilled the criteria and were enrolled for the study. The lack of participation was due to death 17
(7.1%), lost to follow-up 32 (13.4%) and refusal 18 (9.5%). Of the 171 patients, the median CD4 count at
the time of ART initiation was 153 cells/µl [Interquartile range (IQR): 78 – 199], 164 (95.9%) had
increased their CD4 cells count, with 74.3% having an increase of more than 150 cells/µl. Only 8 (4.7%)
patients had a decline of CD4 cell count. The median CD4 cells count after a 2-year follow up was
significantly higher (396 [IQR: 295 – 567]) than at baseline (153 [IQR: 78 – 199]) cells/ul; p-value
<0.0001).
Conclusion: The CD4 cells count increased significantly after a follow up period of 2 years after ART
use in this cohort. Early diagnosis and ART initiation could therefore improve outcomes in HIV-infected
patients in resource limited settings.
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Introduction
HIV infection if untreated usually causes impaired immune function that is normally
characterized by declining number of CD4 T-lymphocytes leading to increased susceptibility
to opportunistic infections (Phillips et al., 1992). The correct use of antiretroviral (ARV) drugs
significantly reduces viral load resulting in reduced morbidity and mortality among HIVinfected patients (Egger et al., 2002; Edwards et al., 2015). Studies have shown that
prolonged viral suppression is associated with substantial increases in CD4 cell counts and
reduction in the rates of opportunistic infections associated morbidity and mortality
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(Battegay et al., 2006; Wabe & Alemu, 2012). Such immune recovery has been shown to be
partial consisting of an initial rapid recovery of CD4 T lymphocytes as well as improvement in
their function (García et al., 2004; Moore & Keruly, 2007; Zhou et al., 2010). After using
antiretroviral therapy (ART) for 2-4 years, the mean (or median) CD4 gain is approximately
between 200-300cells/µl (Kaufmann et al., 2002; Smith et al., 2003). However, the rate of CD4
gain has been shown to diminish over time (García et al., 2004; Moore & Keruly, 2007).
Very few patients who are on ART fail to reach a CD4 cell count of >200cells/µl, a
threshold below which most of the opportunistic infections occurs (Egger et al., 2002). The
rate of CD4 gain is dependent on the baseline CD4 count, with those initiating therapy at
lower CD4 counts (≤200 cells/µl) as the case in most Sub-Saharan countries taking longer to
achieve significant gains (Garciá et al., 2004; Egger et al., 2009; Robbins et al., 2009).
Maximum immune recovery has been shown to occur when there is prolonged and
successful viral suppression in patients using ART (Hejdeman et al., 20012; Edwards et al.,
2015).
Several factors have been found to influence CD4 response. Several studies have
described the association between the baseline CD4 and immune response (Verheggen,
2003; Nash et al., 2008). Patients initiating ART at very low CD4 count have been found to
have poor immunological outcomes at follow up (García et al., 2004). Younger patients have
also been shown to have better immune response compared to elderly patients (Cuzin et al.,
2007; Kanters et al., 2014). This could be explained by reduced thymic function and T cell
replicative senescence with age (Kalayjian et al., 2003).
Very few studies have assessed immune recovery following ART use. Most of these
studies have been done in developed countries where ART is initiated at relatively high CD4
count. Data on immune recovery in patients with advanced HIV in Tanzania is scarce.
Availability of these data will be helpful in tailoring effective management of HIV infected
patients on ART. Therefore, we conducted a study to determine immune recovery in a cohort
of HIV infected outpatients after using ART for a period of 2 years.
Materials and Methods
Study design and participants
This was a retrospective cohort study conducted between August 2011 and April 2012 at
Bugando Medical Centre (BMC) in Mwanza, northwestern Tanzania. BMC is the referral
hospital for 13 million people in northwestern Tanzania. The hospital is located along the
shore of lake Victoria, a region with the prevalence of HIV estimated to be over 6%. The care
and treatment clinic of BMC has a total of approximately 3500 patients 2700 of whom are on
ART. We enrolled adult patients aged 18 years and above who visited BMC HIV clinic and
initiated ART between September 2009 and February 2010; and measured their CD4+ T-cell
count. Critically ill patients and patients with concurrent infections were excluded from the
study.
Data collection and laboratory analyses
A structured questionnaire was used to collect demographic information. Baseline data (at
the time of ART initiation) including CD4+ T-cell count (CD4 count) and body mass index
(BMI) were obtained retrospectively from the HIV clinic database. During data collection
(August 2011 - April 2012), same measurements were repeated using the same reagents and
laboratory instruments that were used for the measurements at the time of ART initiation
(September 2009 - February 2010).
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Data analysis
Continuous variables were summarized using medians with interquartile ranges [IQRs] and
categorical variables were summarized using frequency and percentage. The outcome of
interest was increment in CD4 cell count. CD4 cell counts at baseline and at the end of follow
up (after 2 years of ART use) were paired. Wilcoxon signed-rank test was used to compare
the significance of the difference in median CD4 counts. The statistical significance was set at
0.05 level. Data were analyzed using Stata version 12 (College Station, Texas).
Ethical considerations
Patients were provided with informed and written consent to participate in this study. This
study was approved by the BMC Institutional Review Board.
Results
Patients’ characteristics
A total of 238 patients were screened at the time of ART initiation. Of the 238 patients, 17
(7.1%) had died and 32 (13.4%) were lost to follow-up. Therefore, a total of 189 (79.4%) patients
were still actively attending CTC during the study period. However, of these 18 (9.5%) did not
provide informed consent for participation and hence 171 patients were eligible for this study.
Among the 171 patients eligible for study, the median age was 39.1 [IQR, 33.8 – 44.2] years
and about 70.8% (121) were female. Over 80% (150/171) of patients had either a primary level
of education or lower, and over 80% (137/171) were either unemployed or self employed.
Approximately two-thirds (96/171) of patients lived with their partners (either married or
cohabiting). The most common ART regimens used were zidovudine/lamivudine/efavirenz
(31%; 53/171) followed by zidovudine/lamivudine/nevirapine (24%; 41/171) (Table 1).
Table 1: Demographic and baseline data for 171 HIV-infected patients followed up for 2 years
Patient characteristics
Response
Number/Median
(%) [IQR]
Age
39.1
[33.8-44.2]
Sex
Male
50
(29.2)
Female
121
(70.8)
Education
None
37
(21.6)
Primary
113
(66.1)
Secondary
15
(8.8)
College
6
(3.6)
Occupation
Unemployed
137
(80.1)
Employed
34
(19.9)
Marital status
Single
75
(43.9)
Married/Living with a 96
(56.1)
partner
Baseline CD4 (cells/µl)
153
[78-199]
Baseline BMI (kg/m2)
21.0
[19-24]
ART regimen
AZT/3TC/EFV
53
(31.0)
D4T/3TC/NVP
35
(20.5)
AZT/3TC/NVP
41
(24.0)
TDF/FTC/EFV
40
(23.4)
TDF/FTC/NVP
2
(1.2)
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Immune recovery
Of the 171 patients, 163 (95.3%) had an increment (positive change) in their CD4 cells count,
with 74.3% having an increase of more than 150 cells/µl. The median CD4 cells count after a 2year follow up was significant higher than it was at baseline (396 [Interquartile range (IQR):
295 – 567] versus 153 [IQR: 78 – 199] cells/µl; p-value <0.0001). Of the 171 patients who were
still actively attending CTC and consented to participate in the follow up study, 36 patients
had a CD4 rise between 0 – 150 cells/µl, majority had a rise of CD4 between 151 and 300 (66
patients (38.6%). Sixty-one patients (35.7%) had a CD4 rise of >300 cells/µl. Only 8 (4.7%)
patients had a decline of CD4 cell count (Table 2).
Table 2: Post treatment immune status outcome in 171 HIV-infected patients followed up for 2-years
CD4 changes (cells/µl)
Number
Percent (%)
Decrease
8
4.7
0 -150
36
21.0
151 – 300
66
38.6
>300
61
35.7

Discussion
In this retrospective cohort study, there was substantial gain in CD4 T-cells after using ART
for a median of two years. The median CD4 cells count after a 2-year follow up was significant
higher than it was at baseline with only about 5% of the patients having a decline on their
levels of CD4 cells. The reason for CD4 decline in 8 patients could not therefore be
established. The median CD4 cell count at follow up was slightly higher compared with other
previous studies (Kaufmann et al., 2002; Garciá et al., 2004). However, our findings are
consistent with the study done elsewhere (Notermans et al., 1999; Kauffman et al. 2005). The
findings of our study are consistent with previous studies that showed significant recovery of
CD4 T lymphocytes within 2 years following ART use (Tarwater et al., 2001; Kaufmann et al.,
2002; Wabe & Alem, 2012).
Research findings indicate that moderate to severe immunodeficiency at baseline
impair the long term immune recovery (Egger et al., 2009). Our patients had a median CD4
cell count below 200 cells/µl but were followed up for only two years, a period which has
been shown to be significantly associated with CD4 gain as was observed in this cohort.
Many studies with longer duration have shown significant immune recovery in the first two
years, with no significant immune reconstitution thereafter especially in those with very low
nadir CD4 cell counts (Kaufmann et al., 2000; Moore & Keruly, 2007).
Some limitations for this study include a relatively smaller sample size. The follow up
period was also relatively short to be able to study immune recovery trend. There are very
few studies in sub-Saharan Africa, and to the best of our knowledge none in Tanzania that
report on the immune recovery trends in HIV patients who are on ART. Viral load was not
tested in this study.
In conclusion, majority of patients in Tanzania as in many other resource limited
settings are diagnosed with HIV at very low CD4 counts. However initiation of ARV helps to
restore immune status in majority of them within the first two years after ART initiation as
found in this cohort. Early diagnosis and ART initiation would improve immunological
outcome in HIV-infected patients in resource limited settings. We recommend studies to
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determine factors associated with CD4 T cells recovery among HIV infected patients initiated
on ART.
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