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Objective: To determine the time to immunologic recovery and its determinant factors 
among adult HIV patients who initiated antiretroviral treatment at Hiwot Fana Specialized 
University Hospital from February, 2018 to January, 2020.
Methods: A facility-based retrospective cohort study was conducted among 301 adult HIV 
patients who initiated antiretroviral treatment from February, 2018 to January, 2020. Five 
trained nurses collected the data using data abstraction checklists. The collected data were 
entered into the computer using EpiData version 3.1 and then exported to Statistical Package 
for Social Sciences (SPSS) version 25. The median survival time to immunologic recovery 
was described using Kaplan–Meier (KM) estimator. Cox proportional hazards regression 
model was used to identify the potential determinant factors of the time to immunologic 
recovery. An adjusted hazard ratio (AHR) with its 95% confidence interval (CI) and p-values 
<0.05 were used to determine the strength and significance of associations between variables.
Results: In this study, the overall median time required to reach normal CD4 count was 11 
months [95% CI = (9.50, 12.51)]. Baseline functional status, ambulatory [AHR=1.383, 95% 
CI (1.05, 1.83)], bedridden [AHR=1.712 (1.11, 2.64)], first-line treatment classes (TDF/3TC/ 
DTG) [AHR= 1.63, 95% CI (1.21, 2.18)], and baseline CD4 count > 350 cells/mm3 
[AHR=1.65, 95% CI (1.11, 2.45)] were significantly associated with the time to immunologic 
recovery.
Conclusion: The median time to immunologic recovery was relatively shorter. Baseline 
functional status (ambulatory and bedridden), baseline CD4 count, and first-line treatment 
class were significant predictors of time to immunologic recovery. HIV patients with work-
ing functional status should be given the necessary attention. Utilization of dolutegravir- 
based regimens should be encouraged to attain a normal CD4 count earlier.
Keywords: time to immunologic recovery, CD4 count, Harer, Ethiopia

Introduction
Although treatment options have expanded significantly, human immunodeficiency 
virus (HIV) remains an important global public health issue.1 According to the 
2020 World Health Organization (WHO) report, there were 38 million people living 
with HIV, 1.7 million newly infected people, and about 0.7 million people died of 
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acquired immune deficiency syndrome (AIDS) related 
Illnesses.2 In Ethiopia, the number of new HIV infections 
diagnosed each year increased by 36% among all ages and 
doubled among adults.3 In 2019, there were more than 
670,000 PLHIV and 11,546 annual deaths due to HIV/ 
AIDS.4 To avert this problem; the government of 
Ethiopia adopted and are implementing the global 90-90- 
90 HIV prevention strategies to eliminate HIV/AIDS epi-
demic by 2030. As a result, ART coverage has increased 
by 90% among all ages and tripled among pregnant 
women within six years. Consequently, AIDS-related 
deaths declined by 77% and 79% among all ages and 
children respectively.3,5

Effective use of ART can suppress HIV viral replica-
tion, slow down the disease progression, improve immu-
nity, and delay mortality.6 Early initiation and long-term 
adherence to ART are critical for achieving optimal 
response and reducing the risk of transmission to unin-
fected partners.7 Response to ART can be assessed by 
clinical evaluation, immunologic recovery (CD4 count), 
or retroviral load.8 Compared to clinical or immunological 
monitoring, virological monitoring provides an early and 
more accurate indication of the clinical outcomes. 
However, due to high costs and technical demands of the 
test, clinical and immunological assessments are usually 
recommended to start and monitor the efficacy of therapy.9 

CD4-cell counts provide an overall picture of the immune 
status of PLHIV and are often used to determine health 
status and when to initiate and discontinue the use of 
medications to treat opportunistic infections.10

One of the aims of ART is to shorten the length of time 
to reach normal CD4 count and to help patients retain their 
former better immunity level as early as possible. 
Evidence from a previous study indicated that baseline 
CD4 count, baseline age, and sex were potential determi-
nants of the time to immunologic recovery.11 For proper 
management of the treatment, measuring the length of 
time required to reach normal range CD4 count from 
ART initiation and identifying determinants of the time 
to immunologic recovery, are of paramount importance. 
Understanding the time to immunologic recovery also 
helps to determine the severity of immunosuppression 
and is a guide for decisions on how prophylaxis for oppor-
tunistic infections should be given. However, evidence on 
these issues is scare in Ethiopia, particularly in the study 
setting (HFSUH). Therefore, this study was aimed at 
determining the time to immunologic recovery and its 
determinant factors among adult HIV patients who 

initiated ART at Hiwot Fana Specialized University 
Hospital, Eastern Ethiopia

Methods and Materials
Study Setting, Design, and Period
This study was conducted at Hiwot Fana Specialized 
University Hospital, located in Harari region. Harari 
region is one of the ten regional states found in the eastern 
part of Ethiopia at a distance of 526 km from Addis 
Ababa. The estimated total population of the region is 
183,344. In the region, there are three public hospitals, 
two private hospitals, four urban and three rural health 
centers, and 33 private clinics. A facility-based retrospec-
tive cohort study was conducted from June 15 to July 15, 
2021.

Population
All HIV positive adults who initiated ART treatment in the 
hospital from February, 2018 - January, 2020 were the 
source population. All selected HIV positive adults who 
initiated ART treatment in HFSUH from 2018–2020 were 
included in the study. Patients who had incomplete infor-
mation on major study variables (like CD4 count, date of 
ART initiation and recovery) were excluded.

Sample Size and Sampling Technique
In this study, 301 adult HIV patients who initiated antire-
troviral treatment from February, 2018 - January, 2020 
participated. The medical record numbers of adult HIV 
positive cases who initiated ART from February, 2018 - 
January, 2020 were obtained from the registration books. 
After getting the medical record numbers of HIV cases, 
the charts of the respective medical record numbers were 
evaluated for completeness and eligibility based on the 
inclusion criteria.

Data Collection Methods and Procedure
The data were extracted from the patients’ charts using 
pretested data abstraction format (see S1Text), which was 
constructed after reviewing different literature. It was pre-
pared in English language and included variables like 
sociodemographic characteristics, clinically related factors 
and, drug-related variables. Five B.Sc. level nurses col-
lected the data after getting two days’ training on the data 
collection tool and processes. Two master’s holder lec-
turers experienced in public health research supervised 
the data collection processes. The collected data were 
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examined for completeness and consistency during data 
abstraction on a daily basis.

Study Variables
The outcome variable was the time to immunologic recov-
ery (time to reach normal CD4 count). Variables including: 
sex of the participants, age of the participants, comorbidity 
status, baseline functional status, baseline WHO clinical 
stage, first treatment class, baseline CD4 count, and 
adverse effect of treatments were independent variables.

Operational Definitions
Survival Time
It was defined as the starting date of ART initiation to the 
time of reaching the minimum value of the normal range 
CD4 count (500 cells/ mm3) determined for each 
participant.

Time to Immunologic Recovery
It was determined by calculating the differences in the 
number of months it took from date of initiation of treat-
ment until a patient attained/reached normal range CD4 
count.

Censored
Participants who never attained the normal range CD4 
count for different reasons over the follow-up period 
(right censored), lost to follow-up, or died before reaching 
immunologic recovery during the study.

Method of Data Analysis
The collected data were entered into the computer using 
EpiData version 3.1 and then exported to Statistical 
Package for Social Sciences (SPSS) version 25. The 
data were checked, coded, cleaned, and edited before 
analyses. Patients’ characteristics were described using 
frequency and percentage. The median survival time 
until patients reached the normal range CD4 counts was 
also described using Kaplan-Meier (KM) estimator. Log 
rank test was used to compare the survival experience of 
different categories of covariates. Cox proportional 
hazards regression model was used to identify the poten-
tial determinant factors associated with the time to immu-
nologic recovery among HIV patients. The Schoenfeld 
residual test was used to check the proportional hazard 
assumption. An adjusted hazard ratio (AHR) with its 95% 
confidence interval (CI) and p-values < 0.05 were used to 
determine the strength and significance of associations 

between predictor variables and time to immunologic 
recovery.

Ethical Consideration
Ethical clearance letter was obtained from Haramaya 
University, College of Health and Medical Sciences, 
Institutional Health Research Ethics Review 
Committee (IHRERC) under reference number of 
IHRERC/088/2021. Haramaya University, College of 
Medical and Health Sciences IHRERC allowed the 
review of patients’ medical records with justifiable rea-
son (for research purposes) regardless of patients’ con-
sent. The head administrator of the hospital provided 
consent on behalf of the patients. In addition, a formal 
permission letter to conduct the data collection was 
obtained from the head administrator of the hospital. 
Moreover, the names and unique identification numbers 
of patients were kept confidential and anonymous in 
compliance with the Declaration of Helsinki. Basic 
COVID-19 safety measures (wearing a mask, keeping 
social distance and using alcohol-based hand rubs) were 
properly applied throughout the study to protect the 
data collectors as well as the supervisors from the 
deadly pandemic.

Result
Characteristics of the Study Participants
A total of 301 cases were followed-up retrospectively to 
determine the time to immunologic recovery and its deter-
minant factors. The majority (67.4%) of the participants 
were female and the median age was 39.0 years (interquartile 
range = 18 years). Out of the total participants, 182 (60.5%) 
of them lived in rural areas. About 112 (37.2%) had baseline 
WHO Clinical Stage III, 54 (17.9%) had comorbidities, and 
49.5% had working functional status. The majority of the 
participants (41.9%) were taking TDF/3TC/DTG as the first 
treatment regimen and 116 (38.5%) had history of changing 
the first-line ART regimens (Table 1).

Time to Immunologic Recovery
The overall median time to attain immunologic recovery 
(normal CD4 count or > 500 cells/mm3) was 11 months, 
ranging from 1 to 42 months. Participants aged between 18 
and 25 years had the shortest duration (7 months) to reach 
normal CD4 count while those above 50 years old had the 
longest duration (13 months) (Table 2).
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Determinants of Time to Immunologic 
Recovery
In this study the baseline functional status, ambulatory: 
[AHR=1.383, 95% CI (1.05, 1.83)], bedridden: 
[AHR=1.712 (1.11, 2.64)], first line treatment classes 
(TDF/3TC/DTG): [AHR= 1.63, 95% CI (1.21, 2.18)] and 
baseline CD4 count > 350 cells/mm3: [AHR=1.65, 95% 
CI (1.11, 2.45)] were statistically significant determinants 
of the time to immunologic recovery. Accordingly, bed-
ridden HIV patients were nearly two times more likely to 
recover faster (reach their normal CD4 count) as compared 
to those with working functional status. On the other hand, 
patients who were on TDF/3TC/DTG treatment were 1.6 
times more likely to reach their normal CD4 count within 
the shortest time compared to those on TDF/3TC/EFV 
treatment. Similarly, patients with baseline CD4 count 

between 200 and 349 cells/mm3 were 1.7 times more 
likely to recover faster than those with CD4 count < 200 
cells/mm3 (Table 3).

Discussion
In this study, a total of 301 HIV patients were followed-up 
retrospectively to determine the time to immunologic recov-
ery and its determinant factors. Accordingly, the overall 
median time required to reach normal CD4 count was 11 
months (95% CI = 9.50, 12.51). Baseline functional status, 
ambulatory: [AHR=1.383, 95% CI (1.05, 1.83)], bedridden: 
[AHR=1.712 (1.11, 2.64)], first-line treatment classes (TDF/ 
3TC/DTG): [AHR= 1.63, 95% CI (1.21, 2.18)], and baseline 
CD4 count > 350 cells/mm3: [AHR=1.65, 95% CI (1.11, 
2.45)] were significantly associated with the time to immu-
nologic recovery (time to reach normal CD4 count).

This study found ambulatory and bedridden HIV 
patients were more likely to recover faster as compared 
to those with working functional status. Although this 
finding is not in line with findings from other similar 
studies,12,13 the possible justification might be that 

Table 1 Characteristics of HIV Patients at Hiwot Fana 
Specialized University Hospital, February, 2018 - January, 2020 
(n=301)

Variables Categories Frequency Percent

Comorbidities Have 

comorbidities

54 17.9

Have no 

comorbidities

247 82.1

Baseline functional 

Status

Working 149 49.5
Ambulatory 105 34.9
Bedridden 37 12.3

Other 10 3.3

Baseline WHO 

clinical stage

Stage I 153 50.8
Stage II 83 27.6
Stage III 39 13.0

Stage IV 26 8.6

First Treatment Class TDF/3TC/EFV 109 36.2
AZT/3TC/EFV 36 12.0
TDF/3TC/NVP 30 10.0

TDF/3TC/DTG 126 41.9

Age category 18–25 29 9.6
26–30 56 18.6

31–40 81 26.9
41–50 79 26.2

50+ 56 18.6

Baseline CD4 count < 200 83 27.6
200–349 106 35.2
> 350 112 37.2

Table 2 Median Time (in Months) to Immunologic Recovery by 
Different Factors Among HIV Patients at Hiwot Fana Specialized 
University Hospital, February, 2018- January, 2020

Variables Category Median Duration 
(Months) (95% CI)

Log 
Rank 
Test 
P-value

Overall 11 (9.494, 12.506)

Baseline 

functional status

Working 12 (10.675, 13.325) 0.037
Ambulatory 10 (6.005, 13.995)
Bedridden 8 (5.029, 10.971)

Others 8 (3.351, 12.649)

Baseline WHO 

clinical stages

Stage I 10 (5.492, 14.508) 0.349
Stage II 8 (5.296, 10.704)
Stage III 13 (11.040, 14.960)

Stage IV 13 (7.939, 18.061)

Baseline CD4 

count (cells/ 

mm3)

< 200 13 (10.580, 15.420) 0.018
200–349 13 (11.339, 14.661)

> 350 7 (5.893, 8.107)

Baseline age 

category

18–25 7 (4.401, 9.599) 0.455
26–30 10 (4.550, 15.450)
31–40 10 (8.041, 11.959)

41–50 12 (9.640, 14.360)

50+ 13 (9.749, 16.251)
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bedridden patients are more likely to have good adherence 
to ART treatments as they are under close follow-up by 
health care givers. On the other hand, patients who were 
on TDF/3TC/DTG treatment were more likely to reach 
their normal CD4 count within the shortest time than 
those on TDF/3TC/EFV treatment. Even though there is 
no similar study which has investigated this association so 
far, there is strong evidence which revealed better safety 
and viral load suppression effect of DTG based ART 
regimens.14–17 The drug safety again enhances adherence 
to the treatments, while effective viral load suppression 
may yield better improvement of the immune system. As 
a result, patients on this treatment regimen may return to 
their normal range CD4 count within a shorter time. 
Higher baseline CD4 count was associated with a shorter 
time to immunologic recovery. This finding is supported 
by other similar studies.11,18 The possible explanation for 
this association might be; as patients with higher baseline 
CD4 count are closer to the normal range CD4 count, it 
may take less time to get immunologic recovery as com-
pared to those with low baseline CD4 count. This study 

has the following limitation, since the study was based on 
secondary data, information related to some relevant vari-
ables was not available; hence, their effect on the time to 
immunologic recovery was not determined.

Conclusion and Recommendation
The median time required to attain normal range CD4 
count was relatively shorter. Baseline functional status 
(ambulatory and bedridden), baseline CD4 count, and first- 
line treatment class (TDF/3TC/DTG) were significant pre-
dictors of the time to immunologic recovery. HIV 
patients with working functional status should be given 
the necessary attention in spite of good performance of 
their day-to day-activities. Utilization of DTG (dolutegra-
vir)-based regimens should be encouraged to achieve and 
retain normal range CD4 count early.

Abbreviations
AIDS, acquired immunodeficiency syndrome; AHR, adjusted 
hazard ratio; ART, antiretroviral therapy; CD4, cluster of 
differentiation 4; CI, confidence interval; DTG, Dolutegravir; 

Table 3 Determinant Factors of Time to Reach Normal Range CD4 Count Among Adult HIV Patients Who Initiated ART in Hiwot 
Fana Specialized University Hospital February, 2018 - January, 2020

Variables Category CHR (95% CI) AHR (95% CI) p-value

Sex Male 1 1
Female 1.04 (0.81,1.32) 1.01 (0.77,1.32) 0.94

Baseline functional status Working 1 1
Ambulatory 1.32 (1.02,1.71) 1.383 (1.05,1.83) 0.02
Bedridden 1.54 (1.07,2.22) 1.712 (1.11,2.64) 0.02

Others 1.29 (0.68,2.46) 1.12 (0.55,2.27) 0.75

First-line treatment classes TDF/3TC/EFV 1 1
AZT/3TC/EFV 1.47 (1.01,2.15) 1.22 (0.77,1.92) 0.40
TDF/3TC/NVP 1.29 (0.86,1.95) 1.01 (0.64,1.58) 0.99

TDF/3TC/DTG 1.52 (1.17,1.97) 1.63 (1.21,2.18) 0.001

Baseline WHO clinical stages Stage I 1 1
Stage II 1.18 (0.86,1.62) 1.14 (0.81,1.62) 0.46
Stage III 1.00 (0.74,1.35) 1.29 (0.89,1.85) 0.18

Stage IV 0.83 (0.54,1.30) 0.82 (0.48,1.37) 0.45

Baseline CD4 count (cells/mm3) <200 1 1
200–349 1.21 (0.90,1.62) 1.20 (0.85,1.70) 0.30

> 350 1.48 (1.11,1.97) 1.65 (1.11,2.45) 0.01

Baseline age 18–25 1 1
26–30 0.83 (0.53,1.31) 0.89 (0.54,1.46) 0.65

31–40 0.88 (0.58,1.35) 0.98 (0.61,1.58) 0.95

41–50 0.94 (0.61,1.45) 1.02 (0.64,1.62) 0.93
50+ 0.72 (0.46,1.12) 0.67 (0.41,1.10) 0.12
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FDC, fixed dose combination; HFSUH, Hiwot Fana 
Specialized University Hospital; PLHIV, People Living with 
Human Immunodeficiency Virus; WHO, World Health 
Organization.
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