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Abstract

Background: Since 2013, Tenofovir (TDF) and Zidovudine (AZT) based regimen are alternatively 
used as a fi rst line for treatment of HIV in Tanzania. CD4+ cells count, which is recommended after every 
six months monitors the immunological progression, and used as one of the indicators of treatment 
progression. However, there is little literature available information to compare the immunological 
outcomes of these two regimens.

Methods: A hospital-based retrospective cohort study was conducted at Muhimbili National Hospital, 
Care and Treatment Clinic (MNH-CTC) in Dar es Salaam. HIV/AIDS patients’ fi les of October 2012 through 
November 2016 were reviewed. Using statistical package for social sciences (SPSS version 23), the mean 
CD4+ cells count were compared by independent t-test while Chi-square test was performed to associate 
categorical variables. Binary logistic regression was used to control variables such as sex and body mass 
index (BMI). The results were considered having statistical signifi cance when the P  0.05.

Results: Overall 340 patients’ fi les were eligible and reviewed. Of 340 patients, 50% (170) patients 
were on TDF. Most of the patients on TDF (64.4%) and AZT (62.5%) were female where 69.4% on TDF and 
65.3% on AZT were at the age group between 25-45 years. Majority of patients 94% and 89% on TDF and 
AZT respectively had BMI ≥ 18.5 kg/m2.

Most of the patients on TDF 54% (170) had a baseline CD4+ counts between 250-600 cells/mm3 
and AZT 58% (170) had CD4+ counts <250 cells/mm3. In 12 months post antiretroviral (ARV) initiation, 
the mean (±SD) CD4+ counts gain in TDF regimen was higher 455.8(165.8) than that in AZT regimen 
383.4(90.6) (p<0.001). Tenofovir/Lamivudine/Efavirenz (TDF/3TC/EFV) recorded the highest mean gain 
[standard deviation (±SD)] CD4+ counts of 476.5(190.3) followed by Zidovudine/Lamivudine/Nevirapine 
(AZT/3TC/NVP);435.2 (134.9), TDF/3TC/NVP; 450.5(201.9) and AZT/3TC/EFV; 316.4(152.4). 

Conclusion: Twelve months post ARV initiation; TDF based regimens had good immunological 
outcomes compared to AZT based regimens. Generally, TDF/3TC/EFV is the regimen that demonstrated 
highest mean CD4+ counts while AZT/3TC/EFV recorded the lowest mean CD4+, cells count.

Abbreviations

3TC: Lamivudine; AIDS: Acquired Immune Defi ciency 
Syndrome; AZT: Zidovudine; BMI: Body Mass Index; CTC: 
Care and Treatment Clinic; EFV: Efavirenz; HIV: Human 
Immunodefi ciency Virus; MNH: Muhimbili National Hospital; 
NNRTIs: Non-nucleoside Reverse Transcriptase Inhibitors; 
NRTIs: Non-Nucleoside Reverse Transcriptase Inhibitors; 
NVP: Nevirapine; SD: Standard Deviation; TDF: Tenofovir; 
WHO: World Health Organization; IPT: Intermittent Preventive 
Therapy; CPT: Co-Trimoxazole Preventive Therapy; IPT: 
Intermittent Preventive Therapy; CRF: Case Report Form; 
PLHIV: People Living with HIV

Introduction

Acquired Immune Defi ciency Syndrome (AIDS) is still a 
burden in sub-Saharan African countries. The world health 
organization (WHO) estimates 36.7 million people live with 
HIV (PLHIV) whereby 1.8 million people are newly infected and 
1.0 million die globally [1,2]. Sub-Saharan Africa is the most 
severely affected region and contributes about two third of the 
total number of people living with HIV in the world [3]. 

In Tanzania 2016-2017, approximately1.4 million people 
live with HIV, with prevalence of 5% among adults (15 to 
64years). It is reported that approximately 81,000 new cases 
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of HIV occur among adults and 33,000 AIDS-related deaths are 
reported annually [4]. PLHIV in Tanzania aged 15 to 64 years 
who know their HIV status, 90.9% self-report current use of 
ART [4].

A person gets infected with HIV either by sexual intercourse, 
sharing of sharp equipment, vertical transmission (from 
mother to child), blood transfusion, organ transplants or 
occupational accidents, especially for healthcare workers [5]. 
In the body of an infected individual HIV are mainly found in 
the blood, sexual fl uid and breast milk. 

HIV once in the body depends on CD4+ cells for its survival 
and replications [6]. CD4+ cells (also called T helper cells) 
play a great role in coordinating the immune system of an 
individual. HIV attacks and destroys immune systems of the 
human body. The destruction of these cells by viruses manifest 
as immunodefi ciency syndrome [6]. Individuals infected 
with HIV experience a range of infections from other micro- 
organism generally are called opportunistic infections [5,6]. 
The introduction of antiretroviral drugs (ART) in 1987 has 
helped to prolong the lives of those people who are infected 
with HIV and in prevention of HIV transmission [7].

Different regimen had been introduced and removed 
from the market due to intolerable side effects, affordability 
and availability. In 2006, WHO recommended changing from 
stavudine-based regimen because of toxicity and Zidovudine/
Tenofovir (AZT/TDF) based combination were the alternative 
regimens [8]. By 2010 majority of the countries already moved 
to AZT/TDF based combinations [9] and AZT based regimens in 
particular were approved to be the fi rst line in Tanzania.

Due to the advantages of TDF over other nucleoside reverse 
transcriptase inhibitors (NRTIs); high tolerability, associated 
with good adherence (available as a once-daily fi xed-dose 
combination), active against hepatitis B, robust to acquisition 
of resistance associated mutation, safe during pregnancy and in 
children above 2 years of age [10], hence TDF is more preferred 
over AZT. In 2015 Tanzania, prequalifi ed TDF based regimen as 
the fi rst line regimen in prolonging the life of people who are 
living with HIV (PLHIV) including pregnant women [11].

Despite the several advantages, TDF has some shortcoming 
including its association with kidney toxicity and bone density 
loss, hence AZT based regimens are used as alternative 
regimens [12]. The main aim of ART is to lower the viral load and 
improve the immune function. Successful treatment by ART is 
associated with depression of viral load and a signifi cant gain 
in CD+ T cell count. Monitoring clinical signs and symptoms 
of the disease with laboratory counting of CD+ T cells and 
viral load is useful in monitoring the disease progression and 
response of patients to the regimen [13]. 

Since the introduction of TDF-based regimen in Tanzania, 
there is limited information on the difference in CD4+ count 
gaining between TDF-based regimens and AZT based regimens. 
Therefore, this study aimed to compare the CD4+ T cell changes 
as the measure of immunological outcomes among HIV/AIDS 
patients using TDF versus AZT based regimen.

Methods

Study design, population and area

This was a retrospective study conducted on patients above 
14 years, who were under TDF and AZT based regimens. The 
study was conducted at Muhimbili National Hospital (MNH) 
which is a national referral hospital located in Dar-es-Salaam, 
Tanzania. MNH has 1500 bed facility, attends 1,000 to 1,200 out 
patients in outpatient department (OPD) per day and admits 
1,000 to 1,200 inpatients per day. The hospital has separate 
CTC offering services to more than 5,000 patients (PLHIV), 
about 500 patients per week.

Study period

The study was conducted from February to April 2018, 
whereby patients’ information from October 2012 to November 
2016 were extracted using a case report form (CRF).

Sample size and sampling technique

The sample size of 340 was used in this study, the sample 
was obtained by using mean gain in CD4+ and a standard 
deviation obtained from a previous study conducted in Ethiopia 
[14]. A ratio of 1:1 was applied whereby 170 patients on AZT 
and 170 patients on TDF were recruited. Additionally, a ratio 
of 1:1 was maintained within AZT and TDF group, whereby 
85 patients on Efavirenz and 85 patients on Nevirapine were 
recruited. Patient fi le records were selected by using systematic 
random sampling techniques.

Inclusion and exclusion criteria

Patients aged ≥ 14 years old, on TDF or AZT based regimen 
for at least 6 months, with baseline and 6 months CD4 counts, 
were involved in this study. Patients whose ART regimen was 
changed in less than 6 months after the initiation of therapy 
and pregnant women were excluded from the study.

Data collection

The CRF that consisted of two parts was used in data 
collection. The CRF was validated before the commencement 
of the study. The fi rst part of the CRF consisted of the 
demographic information such as sex, age, weight, height 
and marital status. Body mass index (BMI) was calculated by 
dividing weight (kg) over height (m). The second part of the 
CRF consisted of information regarding the baseline WHO 
clinical stage (before initiation of the therapy), type of regimen 
initiated, and baseline, and subsequent CD4+ counts.

Data management and analysis

Data from the CRF were entered in the excel sheet then 
transferred to statistical package for social sciences (SPSS 
software version 23 Chicago Inc., USA) for cleaning and 
analysis. Bar charts and tables were utilized during data 
summarization accordingly. Independent t-test was used 
to compare the mea`n CD4+ counts within and between 
the regimens. Chi-square test was performed to determine 
association between immunological changes and demographic 
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variables. Where logistic regression was used to identify the 
additional predictors of CD4+ recovery and give the strength of 
association. Odd ratio with 95% confi dence interval was used 
as a measure of strength of association and the results were 
considered having statistical signifi cance when the P  0.05.

Result

Socio-demographic characteristics of the study partici-
pants

A total of 340 patients’ fi les were eligible and reviewed. 
Of 170 patients on TDF 64.4% were females and for those on 
AZT 62.5% among 170 patients were also females. Most of the 
participants 69.4% on TDF and 65.3% on AZT were within 
the age group between 25-45 years. Majority of the patients 
had BMI ≥ 18.5 kg/m2 where 93.5% on TDF and 88.8% on AZT 
regimen. Majority of the patients were married, 42.3% on TDF 
and 40% on AZT group (Table 1).

Baseline clinical characteristics of the study participants

Most of the study participants in both regimens were in 
WHO clinical stage 2 and 3 prior to initiation of therapy. 
Majority of patients on TDF group (53.5%) had baseline CD4 
counts between 250-600 cells/mm and (57.6%) on AZT group 
had baseline CD4 counts of below 250cells/mm3. Fifteen 
(8.8%) patients on TDF and 12 (7.1%) on AZT had encountered 
TB infection and were treated during the period of follow-up. 
The fi ndings show that, only 43 (25.3%) patients on TDF and 
12 (7.1%) on AZT, received isoniazid preventive therapy (IPT) 
and 11 (6.5%) patients on TDF and 14 (8.2%) on AZT were using 
cotrimoxazole (CTX) as prophylaxis of opportunistic infections 
during the time of follow-up (Table 2).

Immunological changes between regimens over time

Over the study period, the mean (SD) CD4+ counts gaining 

were more observed in TDF based regimens over AZT based 
regimens; the mean (SD) CD4+ count gained in6 months from 
the baseline in TDF group was 272.1 ± 118.4 and in AZT group 
241.5 ± 122.6. The mean CD4+ count gaining difference of 
+59.130 was observed between the two groups (p=0.005). In 12 
months, the mean (SD) CD4+ count gained from the baseline 
in TDF group was 455.8± 165.8 while in AZT group it was 383.4 
± 190.6. The mean CD4+ count gaining difference of +100.85 
was observed (p<0.001). The increase in CD4+ count was 
rapid during the early months of using ART but the CD4+ gain 
decreased as the patients stabilized on the treatment (Tables 
3,4).

Immunological changes within TDF and AZT based re-
gimens

The higher mean CD4+ count gaining was observed 
in TDF/3TC/EFV regimen compared to TDF/3TC/NVP but 
the difference was not statistically signifi cant thru out the 
follow-up period of treatment. The AZT/3TC/NVP regimen 
had signifi cant mean CD4+ counts gaining compared to the 
AZT/3TC/EFV, whereby at 6 months from baseline was 278.9 
± 110.4 and 204.0 ± 123.3 of CD4+ and 12 months was 450.5 ± 
201.9 and 316.4 ± 152.4 respectively (Tables 3,4 and Figure 1).

Predictors of CD4+ count gaining

On binary logistic regression sex, age, BMI, and WHO 
clinical stages showed signifi cant association with mean CD4+ 
counts gaining at 12 months of using ART, whereby male were 
2 times (OR-1.992, P- value = 0.003, 95% CI= 1.266 – 3.134) 
more likely to have mean CD4+ counts of < 600 cells/mm3 
compared to female. Those aged > 45 years old were 10 times 
(OR- 10.185, P- value < 0.001, 95% CI = 2.832 – 36.636) more 
likely to have mean CD4+ counts of < 600 cells/mm3, those 
with body mass index (BMI) of < 18.5 kg/m2 are about 5 times 

Table 1: Socio-demographic characteristics (N= 340).

Characteristic 
 Treatment regimen

 TDF no (%)
 N = 170

AZT no (%) 
 N=170

Sex

Male 57 (33.5)  64 (37.6)

Female 113 (66.5) 106 (62.4)

Age (years)

<25  17 (10) 8 (4.7)

25-45  118 (69.4) 111 (65.3)

>45  35 (20.6) 51 (30)

Mean age (SD)  35.3 (5.3) 36.7 (4.8)

BMI (kg/m2)

�18.5  11 (6.5) 19 (11.2)

≥18.5  159 (93.5) 151 (88.8)

Mean BMI (SD)  23.3 (2.3) 22.8 (2.9)

Marital status

Single  46 (27) 43 (25.3) 

Married  72 (42.3) 68 (40)

Widowed 33 (19.4) 35 (20.5)

Divorced 19 (11.3) 24 (14.2)

Table 2: Comparison of selected characteristics between TDF and AZT regimen.

Characteristics

CD 4+ cells count 

 Treatment regimen

 TDF n (%) AZT n (%) P - value

 0.069

<250 78 (45.9) 98 (57.6) 

250-600 91 (53.5) 70 (41.2)

>600 1 (0.6) 2 (1.2)

Mean CD4+ (SD) 360.8 (62.3) 132.2 (74.9)

WHO AIDS Stage
1 29 (17.1)

 0.059
15 (8.8) 

2 66 (38.8) 62 (36.5)

3 67 (39.4) 87 (51.2)

4 8 (4.7) 6 (3.5)

Prophylaxis
Yes 15 (8.8)

 0.547
 12 (7.1) 

No 155 (91.2)  158 (92.9)

Prophylaxis category
IPT 43 (25.3)

 0.647
 55 (32.4)

CPT 11 (6.5)  14 (8.2)

IPT-CPT 13 (7.6)  5 (3.0)

None 103 (60.6)  96 (56.4)
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(OR- 4.794, P- value < 0.001, 95% CI = 2.066 – 11.123) more 
likely to have mean CD4+ counts of < 600 cells/mm and on 
WHO clinical stage, those in stage 4 were 13 times (OR- 13.214, 
P- value < 0.001, 95% CI = 3.216 – 54.298) likely to have mean 
CD4+ counts of < 600 cells/mm3.

Discussion

HIV/AIDS treatment outcome depends on consistent use of 
ART and type of ART regimen used. Viral load and CD4+ counts 
changes are used as predictors of virological and immunological 
outcomes [14,15]. 

In this study, signifi cant increase in mean CD4+ counts 
gaining was observed in TDF based regimens than AZT based 
regimens, the increase in mean CD4+ counts was rapidly 

observed during the fi rst 6months of treatment, followed by 
a slight gain as patients were stabilized with the therapy. The 
same trend in CD4+ count change was observed in Ethiopian 
study, which reported a rapid gain in CD4+ counts 10 months 
after initiation of therapy and that the rate of change was 
the same in both regimens [15]. The difference could be due 
to methodological difference by which our study included 
all patients on either of regimen within six months while 
the Ethiopian study included naïve HIV patients. However, 
ethnicity difference of participants between these two studies 
could be a contributing factor as they may respond differently 
[16].

The gain in mean CD4+ count was more in TDF based 
regimen than AZT regimen which is similar to Ayele et al, 
2017 in Ethiopia who reported TDF based regimens, as more 
effi cacious compared to AZT based regimens based on mean 
CD4+ counts gaining. In this study TDF/3TC/EFV regimen 
demonstrated high mean CD4+ counts gaining followed by 
AZT/3TC/NVP then TDF/3TC/NVP and lastly AZT/3TC/EFV. The 
fi ndings are consistent with study from Ethiopia, which found 
that at every 6 months of using ART, the maximum gain in 
mean CD4+ counts was observed in TDF/3TC/EFV followed by 
AZT/3TC/NVP [14]. In line with our fi nding, a study, which was 
done in Nigeria, reported that AZT/3TC/NVP has maximum 
immunological response compared to TDF/3TC/NVP [17]. 

The higher gain in CD4 for TDF than AZT regimen could 
be attributed by good patients’ adherence because the drug 
is available in once-daily fi xed-dose combination (FDC) 
compared to AZT which is available as multiple pills or twice 
daily regimens, more than 95% adherence is required for better 
treatment outcome of HIV, however our study did not measure 
level of adherence among participants [18]. Moreover, TDF 
is more robust towards acquisition of resistance-associated 
mutations [10].

In this study AZT/3TC/NVP and TDF/3TC/NVP was found 
to have high mean CD4+ counts gaining over AZT/3TC/EFV 
which is in contrary to what reported by the HIV-causal 
collaboration in 2012, that individuals on Nevirapine regimens 
experienced a smaller 12-month increase in CD4+ cell count, 
and that they were more likely to have virologic failure at 
12 months as those on Efavirenz regimens [19]. It was also 
reported by Nachenga et al, 2008 that the patients on Nevirapine 
based regimen had great risk of virologic failures, death, 
and regimen discontinuation and less likely to achieve good 
adherence compared to Efavirenz based regimen [20]. The 
difference observed between Nevirapine and Efavirenz based 
regimen in immunological response is mainly due to their 
pharmacokinetics and pharmacodynamics interaction between 
NNRTIs and NRTIs which are used in a backbone of many fi rst 
line antiretroviral regimens.

Other factors which are independently associated with 
positive or negative mean CD4+ counts changes are age, WHO 
clinical stage prior to initiation of antiretroviral therapy, 
body mass index (BMI). Adults’ patients aged above 45 years 
were 10 times more likely to have mean CD4+ counts of < 600 
cells/mm3 compared to young adults’ patients. This indicated 

Table 3: Mean CD4+ changes from baseline to 6 months.

ART-REGIMEN 
Mean (±SD) CD4+ count 
gain from (0-6months) 

Mean (±SD) CD4+ counts gain 
difference between regimen 

P-value

TDF-GROUP 272.1 (118.4) 
+59.130 0.005AZT-GROUP 241.5 (122.6) 

TDF/3TC/EFV 294.5 (118.8)
+4.4 

 0.878
TDF/3TC/NVP 249.7 (114.3) 

AZT/3TC/NVP 278.9 (110.4)
+100.4 0.001AZT/3TC/EFV 204.0 (123.3) 

Table 4: Mean CD4+ changes from baseline to 12 months.

ART-regimen 
Mean (±SD) CD4+ count 
gain From (0-6 months) 

Mean (±SD) CD4+ counts gain 
difference between regimen 

P-value

TDF-group 455.8 (165.8) s 
+100.85 0.000AZT-group 383.4 (190.6) 

TDF/3TC/EFV 476.5 (190.3)
+7.9

 0.816
TDF/3TC/NVP 435.2 (134.9) 

AZT/3TC/NVP 450.5 (201.9)
+159.6 0.000AZT/3TC/EFV 316.4 (152.4) 
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Figure 1: Summarized Mean CD4+ count gain between TDF and AZT based 
regimen taken in an interval of 6 months in a period of one year. Six months after 
initiation of ARV the highest CD4+ cells counts gain was observed in TDF/3TC/
EFV regimen and the lowest in AZT/3TC/EFV where 6-12 months TDF/3TC/NVP 
counted the highest CD4+ cells and AZT/3TC/EFV continued counting the lowest 
CD4+ cells. From 0-12 months TDF/3TC/EFV counted the highest CD4+ cells and 
lowest AZT/3TC/EFV counted the lowest CD4+ cells.
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that as you grow older the means CD4+ cells count tend to 
decrease. This result is in agreement with a study conducted 
in Ethiopia and Ghana, which reported that, as patients grow 
old; mean CD4+ counts gaining are likely to decrease [14,21]. 
Aging process poses great challenges to cells diversity because 
of thymic function deterioration. Thymic output of new cells 
weakening compromise diversity of T cell including CD4+ cells 
(T helper cells) [22].

In this study patient started ART when in WHO clinical stage 
1 had the high mean CD4+ counts gaining compared to patients 
started ART when in WHO clinical stage 4. Having more CD4+ 
counts gaining implies that patients are well responding to the 
medications and well protected from opportunistic infections. 
This is in consistent with Elijah paintsil study conducted in USA 
reported that CD4+ T cell monitoring is more appropriate than 
virologic monitoring because a decreasing CD4+ T cell count 
is a better predictor of disease progression [23]. This fi nding 
also support WHO recommendation of diagnosis and treatment 
with considering CD4+ counts levels and WHO-HIV clinical 
stages.

Before the current WHO recommendation on HIV diagnosis 
and treatment, BMI was used as one of the criteria during 
initiation of ART. In this study, body mass index (BMI) was 
signifi cantly associated with mean CD4+ counts, whereby 
PLHIV with BMI < 18.5 kg/m2 were 5-fold risk of having mean 
CD4+ counts < 600 cells/mm. These results are similar to what 
was reported by Langford et al, in which BMI was found to be a 
predictor of disease progression [24], and to what was reported 
in Abidjan, Ivory coast and Netherland, whereby BMI of 17 – 18 
kg/m2 and < 16 kg/m2was found to correlate with 2-fold and 
5-fold respectively [25,26].

Limitations

This study was limited in assessing the adherence of 
patients’ adherence to the ARV because in most cases this 
information was not captured in the patients’ fi les. In addition 
accuracy of the information solely depended on the availability 
of documented information in patients’ fi le.

Conclusion

Finding from this study demonstrate that patients on 
TDF based regimens have good gaining in mean CD4+ counts 
compared to patients on AZT based regimens. TDF/3TC/
EFV express high mean CD4+ counts gaining followed by 
AZT/3TC/NVP. Age and baseline WHO clinical stages display 
independently association with gaining in mean CD+ counts 
among people living with HIV on TDF and AZT antiretroviral 
medications risk of AIDS defi ning stage.
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