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Abstract  
Background: Currently, because of the wide availability and free service of HAART, HIV/AIDS related morbidity 
and mortality has decreased significantly. However, patients accessing antiretroviral treatment (ART) programmes 
in sub-Saharan Africa frequently have very advanced immunodeficiency and various reserches suggest that such 
patients may have diminished capacity for CD4 cell count recovery. The objective of this study was to investigate 
the long-term effect of highly active antiretroviral therapy on the CD4 lymphocyte count of HIV-infected Patients.  
Method: Subjects from the multicenter HAART Program cohort  (from Mizan-Tepi University Teaching Hospital 
and Tepi General Hospital), aged 18 years or older and had an ART treatment start date in between February 1, 
2017 to January 31, 2019 were enrolled in the present study and followed for a maximum of 3 years.  Liner mixed 
model with nested random effect were used to model the longitudianl CD4 count over time. Result: The data 
reveal robust CD4 responses to ART that are continual over several years. Being under HAART for long period 
and having baseline CD4 count greater than 150 were postively  associated with CD4 increment over time while 
starting ART at late stage (Stage 3 or 4) and being male are negatively assocted with CD4 increment over 
time.Conclusion: These data show strong and repetitive CD4 response to ART among patients remaining on 
therapy. Earlier HIV diagnosis and initiation of ART could significantly progress patient outcomes in the study 
area. 
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INTRODUCTION 
AIDS is a disease in which the immune system of a body becomes weak and unable to fight against opportunistic 
infections and other illness which take the advantage of the weaken immune system. Once the person is infected 
with HIV, the virus enters the body and grows up to the stage where it damages or kills the white blood cells 
weakening the immune system and leaving the person vulnerable to various opportunistic infections. At global 
level, the number of people living with AIDS at the end of 2017 was estimated to be more than 34 million, with 
2.5 million new infections and 1.7 million deaths.  More than two-thirds (69 percent) of all people living with HIV, 
23.5 million, live in sub-Saharan Africa—including 91 percent of the world’s HIV-positive children. In 2011, an 
estimated 1.8 million people in the region became newly infected. An estimated 1.2 million adults and children 
died of AIDS, accounting for 71 percent of the world’s AIDS deaths in 2011. This infection still requires new 
discovery. Particularly, the epidemic still remains high in Sub-Saharan Africa indicating that this region is still the 
most severely affected region [1]–[3],[4]–[7],[8]. 

The emergency of HAART have shown a dramatic change in control the burden of HIV/AIDS. Various 
studies from the developed as well as developing countries reported robust improvements in CD4 cell counts 
following ART initiation. CD4 cell count and HIV viral load in response to antiretroviral therapy (ART) are 
important measures of the efficacy of ART in individual patients and of the effectiveness of ART in populations 
of patients enrolled in HIV care and treatment programs [9],[10]. 

However, few data exist on long-term CD4 response to ART among patients receiving care, where HIV RNA 
testing is not generally available or conducted. Several studies in Europe and North America have reported robust 
improvements in CD4 cell counts following ART initiation in clinical trials and in observational studies [5], [11].  
Although data from resource-limited settings are less commonly available, some investigators of research and 
scale-up cohorts in sub-Saharan Africa, Barbados, Brazil and Cambodia  have reported effects of ART on clinical 
and immunologic outcomes that were comparable to those observed in resource-rich settings. However the 
majority of the studies in developing countries have had follow-up times of 1 to 2 years, Thus while it has been 
shown in developed countries the degree which CD4 responses can be maintained for longer periods of time after 
ART initiation in developing countries has not been demonstrated. [6], [7][12]The study was conducted to describe 
the determinants of CD4 response trajectories up to 3 years after initiation of ART in Mizan-Tepi University 
Teaching Hospital and Tepi General Hospital, South Western Ethiopia. 
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Methods 
Study area and design 
The HAART data used in this study was obtained from Mizan-Tepi University Teaching Hospital and Tepi General 
Hospital HIV/AIDS clinic, South Western Ethiopia. The hospital gives VCT, PMTCT and free ART services 
according to Ethiopian National Guideline among others (FMoH, 2007) for people living in Mizan-aman Town 
and Tepi Town respectively. Patients start ART after they checked for medical eligibility and ready (counseled for 
adherence) for ART. Patients become eligible for HAART with either a documented CD4 count less than 200 
cells/mm3 or if they are classifed as WHO stage 4. However, CD4 threshold for initiation was changed from 200 
to 350 cells/mm3 in 2012. The treating physician is responsible in prescribing the appropriate initial HAART 
regimen. The hospital collects demographic, laboratory (such as CD4), and clinical data at baseline.  All patients 
initiating ART who were ART naive, aged 18 years or older and had an ART treatment start date in between 
February 1, 2017 to January 31, 2019 were eligible for this study. 
 
Statistical Analysis  
For immunological outcome analysis CD4 counts was used as a primary indictor. The longitudinal response, the 
number of CD4 counts per mm3 of blood, was measured at irregular time interval even if it is expected to be 
measured in every 6 months. A CD4 counts at the start of treatment was considered as the CD4 measurement at 
time zero (baseline) and the time for subsequent CD4 measurements was calculated in month from the start of 
treatment. Patients were classified as being dead, lost to program, or presumed to be alive and on ART based on 
all available information at the time of the closure of the study database. Lost to follow-up was defined as not 
returning to clinic for 1 year or longer after the last recorded visit. Time on ART was measured from the ART 
initiation date to the last known encounter. Data were censored at the closing date of each cohort out to a maximum 
of 3 years post-ART-initiation. Descriptive analyses were used to compare baseline characteristics study subjects. 
Linear mixed regression models were used to evaluate the association between independent variables and CD4 
response over time on ART. We constructed a multi-level model (CD4 measurements within patients nested within 
study sites) with random intercepts and slope for each patient and Study site. CD4 count response values were log 
transformed to achieve a normal distribution. The proposed model can be specified as follow;[13] 
 

𝑌 = 𝛽 + 𝛽 𝑡 + 𝛽 𝑡 + 𝛽 𝑋 + 𝑏 + 𝑏 ( ) + 𝑏 𝑡 + 𝑏 ( )𝑡 + ԑ         (1) 
 
where, 𝑌  is the log transformed CD4 count measured at time 𝑡  for the 𝑗  subject from 𝑘  health center. 

𝛽 , 𝛽 , 𝑎𝑛𝑑 𝛽  are the population intercept, time effect and squared time effect, respectively. 𝑿 a 𝑁 𝑥 𝑝  design 
matrix for candidate covariates and  the vector 𝜷 is there associated parameter. The following variables were 
considered for their influence on CD4 trajectory: gender, age at ART initiation, baseline CD4 count, clinical stage 
of disease, and initial ART regimen. Further, we introduce a vector of random effect  𝑏 = (𝑏 , 𝑏 ( ), 𝑏 , 𝑏 ( ))  
to represent individual deviation from the population average, where,  𝑏 and  𝑏 ( ) are random intercept for the 
𝑘  health center and for the 𝑗  subject nested within the 𝑘  health center and 𝑏  and 𝑏 ( ) random slopes for 
the 𝑘  health center and for the 𝑗  subject nested within the 𝑘  health center. We assumed the health center and 
subject nested within health center random structure to follow a multivariate normal distribution with mean vector 
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At last, the residuals, ԑ , are assumed to 
follow  𝑖𝑛𝑑𝑖𝑝𝑒𝑛𝑑𝑒𝑛𝑡𝑙𝑦 𝑎𝑛𝑑 𝑖𝑑𝑒𝑛𝑡𝑖𝑐𝑎𝑙𝑦 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑 𝑛𝑜𝑟𝑚𝑎𝑙𝑦  𝑁(0, 𝛿ԑ ) . Fixed effect part of the model 
parameters are estimated using maximum likelihood (ML) and restricted maximum likelihood (REML) was used 
for the variance components. Statistical significance of the random effects was tested by using an approximate 
likelihood ratio test[14].  
 
Results  
Four hundred seventy six patients, 240 from Mizan –Tepi Teaching Hospital and 236 from Tepi General Hospital, 
were included in the study. The majority of these patients were female (62.58%) with a median age of 30 years. 
The median CD4 count at initiation was 121.15 and majority of the patients were at WHO stage 1 and 3. The most 
common regimens initiated were treatment d4T+3TC+NVP and TDF+3TC+EFV.  
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Table 1: Base line characteristics of study subjects  
Sex All (%) Mizan (%) Tepi (%) 

Female 303(62.58) 141(58.1) 162(67.47) 

Male 173(37.42) 98(41.89) 75(32.53) 

WHO stage    

1 157(33.27) 55(22.92) 102(43.7) 

2 147(30.48) 72(29.64) 75(31.32) 

3 153(31.67) 102(41.5) 51(21.68) 

4 19(4.57) 12(5.93) 6(3.2) 

Treatment    

d4T+3TC+NVP 126(26.29) 22(9.88) 104(42.96) 

d4T+3TC+EFV 68(14.54) 30(13.83) 38(15.3) 

AZT+3TC+NVP 93(19.52) 87(35.57) 6(3.2) 

AZT+3TC+EFV 76(16.13) 57(23.71) 19(8.43) 

TDF+3TC+EFV 110(22.9) 40(16.6) 70(29.31) 

TDF+3TC+NVP 3(0.8) 1(0.4) 2(0.6) 

Age (Median) 31(10.75) 31(9) 30(11) 

CD4 (Median) 152.5(121.15) 171(124) 159(125) 

Figure 1 shows the individual CD4 profile and smoothed average profile over time on ART stratified by sex, 
clinical stage, initiation regimen, baseline CD4, and age of the patient. Increases were steeper in females than 
males, with differences widening with time on ART. The CD4 profile overtime for clinical stages, NVP versus 
EFV, TDF versus d4T or AZT looks similar. The study also found that, increases were steeper in patients who 
start treatment while their CD4 count was above 150 than those who start with CD4 count below 150, with 
differences narrowing with time on ART. 
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Figure 1: individual CD4 profile and smoothed CD4 count over time on ART by sex, clinical stage, ART regimen, 
CD4 count at ART initiation, and age at ART initiation.  

In order to evaluate the association between independent variables and CD4 response over time on ART the 
proposed liner mixed model (1) is fitted by using the lme  procedure available in R package nlme. The results of 
the final model are shown in Table 2. Being under HAART for long period, gender, clinical stage and baseline 
CD4 count are associated with CD4 profile over time. For every additional month on ART you can expect CD4 
count to increase by an average of 5. 5 in the log scale or 220 CD4 count per mm3 and males have observed to 
have a lower CD4 increment profile as compared to females. Being in WHO stage 3 or 4 at the start of therapy 
was found also to have a negative effect on the CD4 increment over time. No difference in CD4 count over time 
was observed according to initial HAART treatment.  
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Table 2: Parameter estimates   
Estimate Std.Error p-value 

Intercept 4.739114 0.045131 0.000* 
Month on Art 0.055092 0.001794 0.000* 
Sex_male -0.095 0.038646 0.014* 
WHO_Stage 3 or 4 -0.07765 0.03783 0.041* 
Baseline CD4 >150 0.688497 0.03591 0.000* 
NNRTI EFV -0.03606 0.041227 0.3821 
NRTI  TDF  -0.07245 0.048487 0.1358 

𝜹𝒃𝟎,𝒔

𝟐  1.89E-02 
  

𝜹𝒃𝟏,𝒔

𝟐  5.09E-06 
  

𝝆𝒃𝟎,𝒔 ,𝒃𝟏,𝒔
 0.005 

  

𝜹𝒃𝟎,𝑰(𝒔)

𝟐  0.324043 
  

𝜹𝒃𝟏,𝑰(𝒔)

𝟐  0.011008 
  

𝝆𝒃𝟎,𝑰(𝒔),𝒃𝟏,𝑰(𝒔)
 -0.176 

  

𝜹𝟐 0.425296 
  

 
Discussion 
The study combined data from two health centers from resource-limited settings in South Western Ethiopia to 
assess CD4 trajectories after ART initiation at sites engaged in the scale up of HIV care and treatment. A total of 
four hundred seventy six patients, 240 from Mizan –Tepi Teaching Hospital and 236 from Tepi General Hospital, 
were followed for a maximum of three years. The data reveal robust CD4 responses to ART that are continual over 
years. The study results are thus encouraging regarding the long-term effectiveness of ART in resource-limited 
settings, but they naturally are only applicable to those who are able to remain on ART for extended periods.  

In this study, we found several factors associated with CD4 count increment over time. Being on ART for 
extended period was the main factor associated with CD4 count profile over time. Males were observed to have a 
lower gain in CD4 count over time as compared to females. Patients that start ART at late stage (Stage 3 or 4) have 
a lower CD4 count gain over time as compared to patients that start ART at early stage. Starting ART while having 
a CD4 count greater than150 was also found to have a positive effect.  
The findings on long-term CD4 response appear to be consistent with those of other long-term investigations in 
[2], [9] which examined immunologic response up to 3, 5 and 6 years after ART initiation, respectively. 

The study found an intriguing finding, differences in CD4 trajectories by sex, where females had higher 
baseline CD4 counts which is similar with some other studies [5],[3] but we did not find any justification for this 
and additional research is required.  

 
Strengths and limitations  
The data  used for this study is very used full, timely,  and appropriate  statistical methods were used.  Thus, the 
current study is generalizable and it is regarded as the strength of the study. Where are some exclude a substantial 
number of patients due to lack of follow-up CD4 counts and these patients may differ systematically from those 
who were included in the analysis. Our analysis will thus probably overestimate or underestimate the true impact 
of ART on CD4 counts in all patients initiating ART.  
 
Conclusion  
The study demonstrates robust CD4 response to ART among patients in multiple treatment programs in resource-
limited settings. The response appears to be sustained among those remaining in programs for up to 3 years. The 
results thus support the notion that a programmatic, public health approach to ART in resource-limited settings 
using a limited number of NNRTI based drugs can result in sustained immunologic outcomes that are comparable 
to industrialized countries.  
 
Abbreviations 
AIDS: Acquired Immune Deficiency Syndrome  
ART: Antiretroviral Treatment  
ARV: Antiretroviral 
CD4: Cluster of differentiation 4 
HAART: HIV/AIDS Anti Retroviral Treatment 
WHO: World Health Organization  
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