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Abstract 
 
Background: Plasma viral load (pVL) is a key indicator of therapeutic response in HIV-infected 

patients receiving combination antiretroviral therapy (cART), but is often unavailable in routine clinical-

care in resource-limited settings. Previous model-based simulation studies have suggested that the 

benefits of routine pVL-monitoring among patients on first-line regimens in resource-limited settings 

are modest, but this needs corroboration in well-defined study populations. 

 

Methods: We investigated virological-suppression levels and identified predictors of detectable-

viremia among 870 randomly-selected patients who started cART between May-2009 and April-2012 

in 10 health-care facilities in Addis Ababa, Ethiopia. Six-hundred fifty-six (75.4%) patients, who were 

alive, were retained in HIV-care and receiving cART for at least six months provided a blood sample 

for pVL measurement. Predictors of detectable-viremia were identified in a multivariate logistic 

regression model. 

 

Results:  In on-treatment analysis, 94.5% (95%CI: 92.5, 96.1) of the patients achieved virological 

suppression below 400 copies/mL after a median (IQR) of 26 (17-35) months on cART. When patients 

who were lost to follow-up, dead, or stopped were assumed to have had detectable viremia, the 

proportion of patients with virological suppression <400 copies/mL decreased to 74.6% (95%CI: 

71.5%, 77.4%). Younger age, lower educational status, <95% medication adherence, lower CD4 cell 

count at cART initiation and/or the diagnosis of immunological failure thereafter significantly predicted 

detectable viremia. 
 

Conclusions: Virological-suppression levels can be high in an established ART-program in a 

resource-limited setting, even without the availability of routine pVL-monitoring. Efforts to improve 

treatment outcomes should focus on younger and illiterate patients, earlier detection of HIV-positive 

status and cART initiation before patients are severely immuno-compromised and improving retention 

in care. 
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Introduction 

The rapid scale-up of combination antiretroviral therapy (cART) has enabled millions of HIV-infected 

persons to have access to the medication for free in several resource-limited settings, including 

Ethiopia [1, 2]. According to a recently published report, an estimated 309,000 HIV-infected Ethiopians 

were receiving cART in 2012/2013 in the national ART programme – nearly 75% of the total ART 

needs [3]. As a result, AIDS related morbidity and mortality have reduced remarkably [4, 5]. 

 

Currently, the Ethiopian ART guideline adopts the World Health Organization’s (WHO) standardized 

triple combination of two nucleoside reverse transcriptase inhibitors (NRTIs) plus a non-nucleoside 

reverse transcriptase inhibitor (NNRTI) as a first line regimen [6, 7]. The efficacy of this regimen in the 

suppression of viral replication is well documented in the Western World [8-10]. Two recently 

published systematic reviews in the African countries have also reported up to 84.3% on-treatment 

virological suppression after 12 months on cART [11, 12]. However, there have been concerns about 

the emergence and accumulation of drug-resistance mutations, which would increase the risk of 

transmission of drug-resistant virus or loss of future treatment options in resource-limited settings. 

These concerns are based on the inconsistent and limited supply of antiretroviral (ARV) drugs, and the 

absence or infrequent use of plasma viral load monitoring [13, 14]. 

 

Plasma viral load measurement is the preferred strategy to monitor the responses to antiretroviral 

therapy in clinical settings. The latest WHO guideline recommends that viral load be measured at 6 

months and then at least every 12 months to detect virological treatment failure [7]. However, viral 

load monitoring in resource-limited settings is too expensive to routinely conduct. In Ethiopia, targeted 

viral load testing in patients whose clinicians suspect treatment failure has only recently started. The 

service is also limited to patients in and around Addis Ababa, the capital city, and five other regional/or 

zonal capitals. 

 

Previous studies about virological outcome among patients receiving cART in Ethiopia focused on 

tuberculosis-HIV co-infected patients [15, 16] or measured viral load in the context of clinical trials [17]. 

The present study is conducted to establish estimates of virological suppression in a representative 

sample of HIV-infected adults receiving cART in the public ART-program in Addis Ababa, where 

routine viral load monitoring is unavailable, and to identify the predictors of detectable viral load. 

 

Methods 
 
Study setting and participants 
This study was conducted between September 2012 and April 2013 in ten randomly selected health-

care facilities in Addis Ababa, Ethiopia. Study sites were selected in a two step procedure: first, the 45 

health-care facilities that started offering adult cART services since January 2009 or before were 

stratified into tertiary-level referral hospitals, Addis Ababa city administration-run hospitals and health 

centers, private hospitals, facilities run by non-governmental organizations, and hospitals for 
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uniformed services (i.e. police and military). Second, using the RESEARCH RANDOMIZER computer 

software [18], we randomly selected the required number of facilities within each stratum proportional 

to the total number of HIV-infected adults who initiated cART in such facilities between May 2009 and 

April 2012. 

 

At the time of the study, HIV-infected adults who fulfilled the following WHO criteria were automatically 

eligible to initiate cART once their readiness for treatment was assured: WHO clinical stage IV, 

irrespective of CD4 cell count; WHO clinical stage III with a CD4 cell count of ≤350/mm3; or all WHO 

clinical stages with CD4 cell counts ≤200/mm3 [6]. Study participants were also selected in a two-step 

procedure, using the ART-register as a sampling frame. First, we identified the 8,016 treatment I HIV-

infected persons who initiated cART between May 2009 and April 2012; 558 patients who had been 

formally transferred-out after initiating cART or were aged <18 years were excluded. Second, out of 

these 7,458 patients, we selected 870 using a systematic random sampling procedure. This sample 

size was based on the number needed to estimate a population mean for health-related quality of life, 

which was another primary end point of the study; this part of the study is reported elsewhere [19]. 

This number was also more than sufficient to estimate the proportion of patients with virological 

suppression below 40 copies/mL with 80% power, a margin of error of 5% and a two-sided alpha of 

0.05. 

 

Finally, patients who were still alive, were retained in HIV care and receiving cART for at least six 

months were eligible to provide a blood sample for viral load measurement. Lost to follow-up (LTFU) 

patients’ current status in chronic HIV-care was ascertained via medical records review and phone call 

tracing. Patients who declined participation or refused to provide a blood sample, and those with an 

invalid viral load test result were excluded from the analyses. 

 

Ethical consideration 

Ethical approval was obtained from the Institutional Review Boards (IRB) of the College of Health 

Sciences, Addis Ababa University, and Millennium Medical College, St. Paul Hospital. Patients gave 

informed consent for participation, i.e., permission to retrieve the required information from their 

medical records and to draw a blood sample to have their plasma HIV-1 RNA concentration 

measured. Patient data were retrieved anonymously from medical records using the unique-ART 

number or medical record number. 

 

Study procedures 

Socio-demographic and clinical data collection 

Data clerks and case managers, who are involved in routine patient data management or adherence 

support, received a one-day refresher training about data extraction from patients’ medical records by 

the first author. Study variables were extracted from the pre-ART/ART register, patient follow-up card, 

and intake form using a Case Report Form (CRF). It included age, sex, marital status, religion, 

educational level, HIV-status disclosure [yes(to family/friend/neighbor)/no], dates of HIV diagnosis, 
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enrolment in HIV care and cART initiation, type of ARV-drug regimen at start cART or at the time of 

the study, WHO clinical stage, functional status (assessed and categorized by the treating clinician as 

working, ambulatory, or bed-ridden), hemoglobin level, evidence of tuberculosis at or after start cART 

(yes/no), CD4 cell measurements that had been carried-out at enrolment in HIV care and 

subsequently from cART initiation till the current viral load measurement, months since start cART at 

the time of the study, months since HIV diagnosis at enrolment in HIV-care, and type of health-care 

facility (hospital versus health center). 

 

Pharmacy-refill data collection and adherence calculation 

Patients’ refill data were abstracted from the electronic or manually-recorded refill records available in 

the ART-pharmacy. Refill adherence was assessed by calculating the medication possession ratio 

(MPR) from the pharmacy-refill databases over the last six most recent drug dispensings. The MPR for 

a specific refill period was calculated as {[(number of pills dispensed at refills / number of pills 

prescribed per day) / number of days between refills] multiplied by hundred} [20]. The date of the blood 

specimen draw for viral load measurement served as the index date.  

     

Because patients were prescribed with a combination of antiretroviral drugs, the MPR was calculated 

for each of the ARV drugs in the regimen combined. First, we calculated the average MPR for each 

ARV drug over the last five most-recent refill periods. Next, we calculated the average MPR for all the 

drugs in the regimen combined. Because the MPRs for each of the separate ARV drugs were almost 

identical to each other (data not shown) we decided to use the MPR for all the drugs in the regimen 

combined. The final MPR was classified as optimal (≥95%) versus sub-optimal (<95%).  

 

Plasma viral load measurement 

Laboratory technologists who were working in the study health-care facilities were refreshed with half-

a-day hands-on training about proper blood specimen draw, immediate separation of plasma from the 

whole blood, proper labeling, and keeping sample integrity, by two experienced microbiologists from 

Addis Ababa Regional Laboratory. They drew the blood specimen using the standard WHO 

recommended procedures [21]. After collecting 6ml of blood in tubes containing Ethylene Diamine 

Tetra-Acetic Acid (EDTA), about 3ml of plasma was separated from the whole blood between 30 and 

180 minutes after blood draw. Plasma specimens were transported on a daily basis to Addis Ababa 

Regional Laboratory in a cold box (with ice packs in it) to be temporarily stored at -20 0C, and then 

every week to the Ethiopian Public Health Institute Laboratory to be stored in a deep freezer at -80 0C 

until analyzed. Plasma HIV-1 RNA concentration measurement was performed at the International 

Clinical Laboratories (ICL), Addis Ababa, using the Abbott m2000RealTime HIV-1 assay with a lower 

detection limit of 40 copies/mL (Abbott Molecular Inc., Des Plaines, IL, USA) [22]. 

 
Statistical analyses 
The primary outcome of interest was the proportion of patients with suppression of plasma HIV-1 RNA 

<40 copies/mL. In a secondary analysis, patients with HIV-1 RNA <400 copies/mL were also 
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considered to have viral suppression, because the clinical as well as public health importance of a viral 

load between 40 and 400 RNA copies/mL (also called viral blip) remains unclear [23, 24]. 

 

The proportion of patients with virological suppression was calculated by dividing the number of 

patients with plasma HIV-1 RNA below 40 copies/mL by the total number of patients with an available 

plasma viral load test result (on-treatment analysis). The second estimate of the proportion of patients 

with virological suppression was based on a threshold of <400 copies/mL (also on-treatment analysis). 

Analyses to identify predictors of detectable viral load were based on these two estimates.  

 

Because we had no information about patients’ initial viral load level at cART initiation, and patients 

who had initiated cART with a very high baseline viremia may not have reached an undetectable viral 

load six-to-twelve months after commencing cART [25], we re-calculated the proportion of patients 

with on-treatment virological suppression below 40 or 400 copies/mL after excluding patients who had 

received cART for <12 months. In addition, LTFU patients who were successfully traced via the phone 

call and claimed to be ‘self-transferred’ to another ART-clinic were assumed to have a chance of 

having an undetectable plasma viral load below 40 copies/mL comparable to that of the patients who 

remained in care and were receiving cART at the time of the study. Other LTFU patients, who were 

traced and responded truly being LTFU, and those with no, non-functioning, or wrong telephone 

address (and thus untraceable) [26] were all assumed to be alive and to have had a detectable viral 

load >40 copies/mL. Based on this information, we re-calculated the on-treatment virological 

suppression rate and evaluated the influence of LTFU on the estimate. 

 

In a third estimate, all patients who were randomly selected to participate in the present study but were 

lost to follow-up (LTFU), dead or stopped were assumed to have had HIV-1 RNA >40 copies/mL, and 

thus added to the denominator (intention-to-treat analysis). 

 

Socio-demographics, medication adherence, and clinical and treatment characteristics were the 

independent variables. Since CD4 cell count is primarily used to initiate cART and to monitor ARV 

drug response or disease progression in Ethiopia, immunological failure was used as a separate 

independent variable. It was defined as persistent CD4 levels below 100 cells/μL and/or fall of CD4 

cell count to pre-therapy baseline or below and/or 50% reduction of on-treatment peak CD4 cell level 

[6, 7].  

 

Potential predictor variables which were associated with detectable viral load were first assessed in a 

bivariate logistic regression analysis. Next, all the independent variables were fitted in a multivariate 

logistic regression model. Then, variables with a larger p-value were successively removed and kept 

aside one-by-one in a backward elimination procedure until only variables significantly associated with 

detectable viral load or those which we assumed clinically important were remaining in the final model. 

During the course of variable elimination, we examined whether the primary coefficients for the 

remaining variables were significantly changed. In addition, variables not selected or kept aside at a 
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previous step were added back to the multivariate model (one at a time) throughout the model building 

process. Likelihood ratio tests were used to compare between the fit of various models. Data were first 

entered into EPI-data version 3.1 and later exported to STATA version 11 for statistical analyses. 

 

Results 

 
Participants 

Of the 870 patients, 171 (19.6%) were LTFU (n=101) or dead (n=70) by the time the study was 

conducted; in a phone-call tracing, 19 of these LTFU patients reported ‘self-transferred’ to another 

ART clinic. An additional 34 patients declined participation, 8 patients did not want to provide a blood 

specimen, 14 patients had an invalid viral load test result, and one other patient had stopped taking 

ARVs while remaining in clinical care. Thus, plasma viral load test results were available for 642 

(73.8%) patients. 

 

At enrolment in HIV care, 163 of 642 (25.4%) patients with a viral load test result were in WHO clinical 

stage-I, 200 (31.2%) in stage-II, 213 (33.2%) in stage-III, and 58 (9%) in stage-IV condition. The 

median (IQR) CD4 cell count was 152 (83–251) cells/μL. Table 1 describes key patient characteristics. 

 

Virological outcome after cART initiation 
In on-treatment analysis, the proportion of patients with virological suppression below 40 copies/mL 

was 583/642 (90.8%; 95%CI: 88.3, 92.8) after a median (IQR) of 26 (17-35) months on cART. Using a 

threshold of 400 copies/mL, the proportion of patients with virological suppression increased to 

607/642 (94.5%; 95%CI: 92.5, 96.1). Among the 35 patients with detectable viral load above 400 

copies/mL, the median (IQR) viral load was 30,804 (5,349-75,992) copies/mL. 

 

We recalculated the proportion of patients with virological suppression below 40 or 400 copies/mL 

without the 72 patients who had received cART for <12 months. Excluding these patients, the 

estimates of virological suppression <40 and <400 copies/mL were, respectively, 514/570 (90.2%; 

95% CI: 87.5%, 92.4%) and 537/570 (94.2%; 95%CI: 91.9, 95.8), after a mean duration of 28 months 

on cART. Only three of the 33 patients with a detectable viral load of ≥400 RNA copies/mL after 

receiving  at least 12 months of cART had a plasma viral load between 400 and 1000 copies/mL; in 

the remaining 30 patients, the viral load was >1,000 copies/mL. 

 

We also evaluated the influence of the 101 LTFU patients on the virological suppression estimate. 

LTFU patients (n=101) were comparable with patients retained in HIV care (n=665) with respect to 

age, sex, CD4 cell count at start cART, functional status, WHO clinical stage, educational level, and 

marital status (all p-values >0.05). Seventeen of the 19 LTFU patients who were successfully traced 

and claimed to be ‘self-transferred’ to another ART-clinic were assumed to have an undetectable 

plasma viral load below 40 copies/mL, based on the on-treatment plasma viral load suppression 

estimate of 90.8% in this study. When the other 82 LTFU plus the 2 ‘self-transferred’ patients were 
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assumed to be alive and to have a detectable plasma viral load of >40 copies/mL, the proportion of 

patients with virological suppression <40 copies/mL would be 600/743 (80.8%; 95%CI: 77.8, 83.4).  

 
Table 1. Patients’ characteristics (n=642) 
Patient characteristic Value* 
Age – yearsa, mean (SD) (n=640) 37.7 (9.3) 
Sex – malea, (n=642) 235  (36.6%)  
Educational statusa, (n=639)   

No education 79 (12.4%) 
Primary 204 (31.9%) 
Secondary 261 (40.8%) 
Tertiary 95 (14.9%) 

Marital statusa, (n=642)   
Never married 108 (16.8%) 
Married or cohabiting 338 (52.6%) 
Divorced or separated 123 (19.2%) 
Widowed 73 (11.4%) 

Religiona, (n=642)   
Christian 599 (93.3%) 
Muslim 
Other 

41 
2 

(6.4%) 
(0.3%) 

HIV status disclosure (to family/friend/neighbor)-yesa, (n=639) 578 (90.5%) 
Months since start cARTa, mean (SD), (n=642) 25.9 (10.6) 
Months since start cARTa, median (IQR), (n=642) 26 (17-35) 
MPR according to the pharmacy-refill adherence measurea, mean (SD) (n=642) 95.4 (5.7) 
MPR according to the pharmacy-refill adherence measurea, median (IQR)  (n=642) 98 (94-99) 
Months since HIV diagnosisb, median (IQR), (n=631) 1 (0-to-9) 
Employment statusb, (n= 493)   

Unemployed 158 (32%) 
Not working/studying due to ill health 54 (11%) 
Working full time 249 (50.5%) 
Working part time 32 (6.5%) 

Functional statusc, (n=632)   
                Working 538  (85.1%)  
                Ambulatory 77  (12.2%)  
                Bed ridden 17  (2.7%)  
WHO clinical stagec,d, (n=639)   
                Stage I 153 (23.9%) 

Stage II 191 (29.9%) 
Stage III 225 (35.2%) 
Stage IV 70 (11%) 

Initial treatment regimenc    
TDF-containing 434 (51.9%) 
AZT-containing 322 (38.5%) 
d4T-containing 80 (9.6%) 

ARV drug regimenc   
NVP-based 224 (34.9%) 
EFV-based 418 (65.1%) 

CD4 cells/µLc, median (IQR) (n=639) 141  (78-to-206)  
Hemoglobin (g/dL)c, mean (SD) (n=560) 13.2 (2.1) 
Evidence of tuberculosis at or after start cART – yes, (n=632)   114 (18%) 
 

* Values are n (%) unless otherwise indicated. 
a at the time of the study.  
b at enrolment in HIV care. 
c at the start of cART.  
d according to the revised World Health Organization clinical staging of HIV/AIDS for adults and adolescents, 2005 [52]. 
d4T=stavudine; AZT=zidovudine; TDF=tenofovir.  
MPR= medication possession ratio; IQR= inter-quartile range; SD=standard deviation. 
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Finally, we re-calculated the virological suppression estimate in the intention-to-treat analysis in which 

all LTFU (n=101), dead (n=70), or stopped patients (n=1) were assumed to have a detectable plasma 

viral load above 40 copies/mL. In this case, the new virological suppression estimate was 583/814 

(71.6%; 95%CI: 68.4%, 74.6%) after a median (IQR) of 23 (12-34) months on cART. Using a threshold 

of 400 copies/mL, the proportion of patients with virological suppression would be 607/814 (74.6%; 

95%CI: 71.5%, 77.4%). 

 
Immunological response after start cART 
After cART initiation, 601 of 642 (93.6%) patients with a viral load test result had at least one (and at 

most six) CD4 cell measurement, while 41 (6.4%) patients had none. The median (IQR) time between 

the baseline CD4 cell count at the start of cART and the most recent CD4 cell measurement at the 

time of the study was 25 (16.5-33) months. Comparing the baseline CD4 cell count at cART initiation 

with the most recent CD4 cell measurement at the time of the study, 552 (91.8%) patients had gained 

a median of 167 (IQR: 92-270) cells/μL, 3 (0.5%) patients had neither gained nor lost CD4 cells, and 

46 (7.7%) patients had lost between 2 and 153 CD4 cells. Overall, 74 of 601 (12.3%) patients 

experienced immunological failure at (or close to) the time of the study: 17 patients had a persistent 

CD4 cell level below 100 cells/μL, 35 patients had their CD4 cell count fallen to pre-therapy baseline 

or below, and 14 patients had a 50% (or above) reduction of the on-treatment peak CD4 cell level. In 

addition, 4 patients had both a persistent CD4 cell level below 100 cells/μL and their CD4 cell count 

fallen to pre-therapy baseline or below, and 4 other patients had a persistent CD4 cell level below 100 

cells/μL and a 50% (or above) reduction of the on-treatment peak CD4 cell level. 

 

Level of medication adherence according to the pharmacy-refill  
Consistent with the high level of virological suppression, the pharmacy-refill MPR indicated a high level 

of medication adherence, which is estimated at 95.4% +/- 5.7 (Table 1). 

 

Predictors of detectable viral load 
Results of the univariate and multivariate logistic regression analyses for the predictors of detectable 

viral load are described in tables 2 and 3. 

 

In the multivariate logistic regression model, younger age, ‘No education,’ i.e. being illiterate, <95% 

medication adherence, and lower CD4 cell count at cART initiation and/or the diagnosis of 

immunological failure thereafter were significantly associated with a greater likelihood of detectable 

viral load based on the lower detection limit of <40 RNA copies/mL (Table 2 and Figures 1 and 2).  

 

Using the alternative viral threshold limit of 400  RNA copies/mL, younger age, ‘No education,’ i.e. 

being illiterate, <95% medication adherence, and lower CD4 cell count at  cART initiation and/or the 

diagnosis of immunological failure thereafter remained to have a significant association with detectable 

viral load (Table 3 and Figures 1 and 2). In addition, widowed patients had a significantly higher 

likelihood of having detectable viral load above 400 copies/mL (Table 3). Of interest, we assessed if 
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the diagnosis of immunological failure after cART initiation predicted detectable viremia. To do so, we 

replaced the variable ‘CD4 cell count at cART initiation’ by ‘immunological failure at the time of the 

study’ in the multivariate logistic regression model to avoid the problem of multi-collinearity. 

Accordingly, patients diagnosed with immunological failure by the time of the study had a greater 

likelihood of having a detectable viral load ≥40 copies/mL (OR=3.94; 95%CI: 2.02, 7.67) or ≥400 

copies/mL (OR=8.42; 95%CI: 3.67, 19.3) compared with patients without immunological failure 

(Tables 2 & 3). 

 

 
Figure 1. Scatter plot depicting a linear decrease in the probability of having detectable plasma viremia of ≥40 

and ≥400 HIV-1 RNA copies/mL with increasing age (n=640). 
 
 

 

Figure 2. Scatter plot depicting a linear decrease in the probability of having detectable plasma viremia of ≥40 

and ≥400 HIV-1 RNA copies/mL with increasing CD4 cell count at start cART (n=639). 
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Table 2. Logistic regression model describing predictors of detectable viremia (≥40 HIV-1 RNA 
copies/mL) among HIV-1 infected adults receiving cART 
 
Patient characteristic 

No. of patients with 
≥40 HIV-1 RNA 

copies/mL) (n=59) 

No. of patients with 
<40 HIV-1 RNA 

copies/mL) (n=583) 

Univariate Analysis         
OR (95% CI) 

Multivariate 
Analysis           

OR (95% CI) 
Characteristics assessed at the time of the study  
Age in yearsa, (n=640)    

≥ 40 yrs 10(16.9%) 226(38.9%) 1 1 
< 40 yrs 49(83.1%) 355(61.1%) 3.12(1.55, 6.28)¥ 2.86(1.39, 5.87)¥ 

Sexa, (n=642)     
Male 18(30.5%) 217(37.2%) 1 1 
Female 41(69.5%) 366(62.8%) 1.35(0.76, 2.41) 0.97(0.47, 1.99) 

Educational statusa, (n=639) 
Primary/Secondary/ Tertiary 47 (81.0%) 513(88.3%) 1 1 
No education 11(19.0%) 68(11.7%) 1.76(0.87, 3.57)* 2.13(1.00, 4.53)‡ 

Marital statusa, (n=642) 
Never married 9(15.3%) 99(17.0%) 1 1 
Married or co-habiting 31(52.5%) 307(52.7%) 1.11(0.51, 2.41) 1.33(0.57, 3.09) 
Divorced or separated 12(20.3%) 111(19.0%) 1.19(0.48, 2.94) 1.43(0.54, 3.86) 
Widowed 7(11.9%) 66(11.3%) 1.17(0.41, 3.29) 2.02(0.65, 6.25) 

Religiona, (n=642)     
Christian 55(93.2%) 544(93.3%) 1 1 
Muslim/other 4(6.8%) 39(6.7%) 1.01(0.35, 2.94) 1.06(0.34, 3.37) 

Type of health care facilitya, (n=642) 
Health center 27(45.8%) 295(50.6%) 1 1 
Hospital  32(54.2%) 288(49.4%) 1.21(0.71, 2.08) 1.59(0.88, 2.86)* 

HIV status disclosure (to family/closest friend/neighbor)a, (n=639) 
Yes 56(95.0%) 522(90.0%) 1 1 
No 3(5.0%) 58(10.0%) 0.48(0.15, 1.59) 0.43(0.12, 1.48)* 

MPR according to the pharmacy-refill 
adherence measurea, (n=642) 

    

                ≥95% MPR 29(4.5%) 443(69.0%) 1 1 
                <95% MPR 30(4.7%) 140(21.8%) 3.27(1.89, 5.64)¥ 2.84(1.61, 5.01)¥ 
Immunological failure by the time of 
the studya, (n=601) 

    

                No 40(6.7%) 487(81.0%) 1 1 
                Yes 18(3.0%) 56(9.3%) 3.91(2.1, 7.28)¥ 3.94(2.02, 7.67)¥ 
Months since start cARTa, (n=642)    

<12 months 3(5.0%) 69(11.8%) 1 1 
≥12 months 56(95.0%) 514(88.2%) 2.51(0.76, 8.22)* 1.83(0.54, 6.22) 

Characteristics at cART initiation 
Functional statusb, (n=632) 

Working 47(81.0%) 491(85.5%) 1 1 
Ambulatory 8(13.8%) 69(12.0%) 1.21(0.55, 2.67) 0.75(0.31, 1.83) 
Bed ridden 3(5.2%) 14(2.5%) 2.24(0.62, 8.07) 1.99(0.48, 8.21) 

WHO clinical stageb,c, (n=639) 
Stages I / II 23(39.0%) 321(55.3%) 1 1 
Stages III / IV 36(61.0%) 259(44.7%) 1.94(1.12, 3.36) ‡ 1.77(0.97, 3.21)* 

CD4 count (cells/µL)b, (n=639)     
≥ 200 10(16.9%) 162(27.9%) 1 1 
100-to-199 20(33.9%) 239(41.2%) 1.36(0.62, 2.97) 1.33(0.59, 2.99) 
< 100 29(49.2%) 179(30.9%) 2.62(1.24, 5.55) ‡ 2.24(1.03, 4.88)‡ 

Evidence of tuberculosis at or after start cART, (n=632)   
No 45(77.6%) 473(82.4%) 1 1 
Yes 13(22.4%) 101(17.6%) 1.35(0.70, 2.60) 1.23(0.54, 2.83) 

ARV drug regimenb, (n=642)     
EFV-based 35(59.3%) 383(65.7%) 1 1 
NVP-based 24(40.7%) 200(34.3%) 1.31(0.76, 2.27) 1.64(0.89, 3.04)* 

 

* p-value < 0.2.  
‡ p-value < 0.05. 
¥ p-value < 0.01. 
1 = reference category. 
a at the time of the study. 
b at the start of cART. 
c according to the revised World Health Organization clinical staging of HIV/AIDS for adults and adolescents, 2005 [52].  
d4T=stavudine; AZT=zidovudine; TDF = tenofovir.  
MPR= medication possession ratio; OR=odds ratio; CI=confidence interval. 
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Table 3. Logistic regression model describing predictors of detectable viremia (≥400 HIV-1 RNA 
copies/mL) among HIV-infected adults receiving cART 
 
Patient characteristic 

No. of patients with 
≥400 HIV-1 RNA 

copies/mL) (n=35) 

No. of patients with 
<400 HIV-1 RNA 

copies/mL) (n=607) 

Univariate Analysis         
 

OR (95% CI) 

Multivariate 
Analysis           

OR (95% CI) 
Characteristics assessed at the time of the study  
Age in yearsa, (n=640)    

≥ 40 yrs 3(8.6%) 233(38.5%) 1 1 
< 40 yrs     32(91.4%) 372(61.5%) 6.68(2.02, 22.1)¥ 6.92(2.01, 23.9)¥ 

Sexa, (n=642)     
Male 9(25.7%) 226(37.2%) 1 1 
Female 26(74.3%) 381(62.8%) 1.71(0.79, 3.72)* 0.94(0.35, 2.47) 

Educational statusa, (n=639) 
Primary/Secondary/ Tertiary 26(76.5%) 534(88.3%) 1 1 
No education 8(23.5%) 71(11.7%) 2.31(1.01, 5.31)‡ 2.65(1.04, 6.72)‡ 

Marital statusa, (n=642) 
Never married 3(8.6%) 105(17.3%) 1 1 
Married or co-habiting 18(51.4%) 320(52.7%) 1.97(0.57, 6.82) 2.88(0.79, 10.5)* 
Divorced or separated 9(25.7%) 114(18.8%) 2.76(0.7, 10.5)* 3.19(0.77, 13.2)* 
Widowed 5(14.3%) 68(11.2%) 2.57(0.59, 11.1) 5.07(1.06, 24.3)‡ 

Religiona, (n=642)     
Christian 33(94.3%) 566(93.2%) 1 1 
Muslim/other 2(5.7%) 41(6.8%) 0.84(0.19, 3.61) 0.75(0.15, 3.70) 

Type of health care facilitya, (n=642) 
Health center 18(51.4%) 304(50.1%) 1 1 
Hospital  17(48.6%) 303(49.9%) 0.95(0.47, 1.87) 1.78(0.81, 3.90)* 

HIV status disclosure (to family/closest friend/neighbor)a, (n=639) 
Yes 32(91.4%) 546(90.4%) 1 1 
No 3(8.6%) 58(9.6%) 0.88(0.26, 2.97) 0.69(0.18, 2.72) 

MPR according to the pharmacy-refill 
adherence measurea, (n=642) 

    

                 ≥95% MPR 14(2.18%) 458(71.3%) 1 1 
     <95% MPR 21(3.27%) 149(23.2%) 4.61(2.29,9.29)¥ 3.53(1.68, 7.43)¥ 

Immunological failure by the time of 
the studya, (n=601) 

    

                 No 19(3.16%) 508(84.5%) 1 1 
Yes 15(2.49%)          59(9.82%) 6.79(3.28, 14.1%)¥ 8.42(3.67, 19.3)¥ 

Months since start cARTa, (n=642)    
<12 months 2(5.7%) 70(11.5%) 1 1 
≥12 months 33(94.3%) 537(88.5%) 2.15(0.51, 9.16)  1.39(0.29, 6.53) 

Characteristics at cART initiation 
Functional statusb, (n=632) 

Working 27(77.1%) 511(85.6%) 1 1 
Ambulatory 6(17.1%) 71(11.9%) 1.59(0.64, 4.00) 1.01(0.35, 2.95) 
Bed-ridden 2(5.7%) 15(2.5%) 2.52(0.55, 11.6) 3.05(0.53, 17.7) 

WHO clinical stageb,c, (n=639) 
Stages I/II 14(40.0%) 330(54.6%) 1 1 
Stages III/IV 21(60.0%) 274(45.4%) 1.81(0.90, 3.62)* 1.58(0.71, 3.54) 

CD4 cell count (cells/µL)b, (n=639)    
≥200 2(5.7%) 170(28.1%) 1 1 
100-200 13(37.1%) 246(40.7%) 4.49(1.00, 20.2)‡ 4.15(0.89, 19.2)* 
<100 20(57.1%) 188(31.1%) 9.04(2.08, 39.3)¥ 9.74(2.18, 43.6)¥ 

Evidence of tuberculosis at or after start cART, (n=632)   
No 27(77.1%) 491(82.2%) 1 1 
Yes 8(22.9%) 106(17.8%) 1.37(0.61, 3.11) 1.36(0.47, 3.89) 

ARV drug regimenb, (n=642)     
EFV-based 21(60.0%) 397(65.4%) 1 1 
NVP-based 14(40.0%) 210(34.6%) 1.26(0.63, 2.53) 1.49(0.66, 3.37) 

 

* p-value < 0.2.  
‡ p-value < 0.05. 
¥ p-value < 0.01. 
1 = reference category. 
a at the time of the study. 
b at the start of cART. 
c according to the revised World Health Organization clinical staging of HIV/AIDS for adults and adolescents, 2005 [52].  
d4T=stavudine; AZT=zidovudine; TDF = tenofovir.  
MPR= medication possession ratio; OR=odds ratio; CI=confidence interval. 
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Discussion 

In this study, we assessed the level of virological suppression among HIV-infected adults receiving 

cART in Addis Ababa, where routine plasma viral load monitoring is unavailable, and the predictors of 

detectable viral load were identified. The level of virological suppression was remarkably high. Over 

90% of the patients achieved plasma virological suppression below 40 copies/mL after receiving at 

least 6 months of cART. This result was even higher than 94% when a viral load threshold of <400 

copies/mL was used or when only patients who had received cART for ≥12 months were included. 

Both estimates were comparable with, or considerably higher than previous study findings from public 

ART-programs in Ethiopia and other resource-limited or middle-income settings [11, 12, 15]. When lost 

to follow-up, dead, or stopped patients were all assumed to be alive and having had a detectable viral 

load above 40 copies/mL, the percentage of patients with suppressed viral load would drop to about 

71.6%. Yet, the level of virological suppression would still compare favorably with those achieved in 

other settings [11, 12]. To the best of our knowledge, only a study from Botswana yielded a slightly 

higher level of on-treatment virological suppression below 400 copies/mL than in the present study, i.e. 

98% at 5 years [27]. However, the Botswana study didn’t report the virological suppression estimate in 

the intention-to-treat approach; had it been calculated, the result would have been lower than our 

estimate of 71.6%, mainly because of the increased attrition due to lost to follow-up or death in 

Botswana. It should also be noted that the reported duration on cART varied across the studies. 

 

Results from the present study are encouraging. Patients who are retained in care in public ART-

programs in a resource-limited setting can achieve virological response rates that are remarkably high, 

even without the availability of routine viral load monitoring.  This finding suggests that in our setting, 

where there are so many unfinished competing priorities (including expanding HIV-testing to high risk 

groups with enrolment and early initiation of cART, addressing early mortality and LTFU, and 

improving adherence and retention in HIV-care), routine virological monitoring of all patients on first-

line cART may not be preferred to the current clinically- and/or CD4-oriented targeted viral load 

testing, at least not in the short term. These results also underpin previous model-based simulation 

studies that have suggested that the benefits of routine viral load monitoring among patients on first 

line regimens in resource-limited settings are modest [28-30]. 

 

There are several reasons why the levels of virological suppression and adherence to cART in the 

present study might be so high. With the scale-up of access to cART in Ethiopia, a range of diverse 

interventions have been implemented in routine clinical care with the aim to enhance retention in HIV-

care and treatment adherence. First, the ART for-free program requires HIV-infected patients to visit 

the health facility for clinical check-up and medication refill every one to three months [6]. This creates 

valuable opportunities for clinicians to assess adherence, and act timely whenever adherence 

problems are detected. Second, adherence case managers have been appointed, of whom the 

majority are HIV-positive themselves. These case managers provide routine adherence information to 

all new patients initiating cART. Moreover, they provide intensive adherence support to non-adherent 

patients, for instance, through the exchange of ideas and ‘real-life’ experiences. They also trace LTFU 
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patients to get them back to treatment. Third, community-based interventions have increased 

awareness and the utilization of cART, and facilitate the provision of care and support services. Last, 

the improving supply chain management and patient information systems facilitate appropriate 

quantification, timely procurement and distribution of HIV/AIDS commodities, including ARV drugs [3, 

31]. 

 

In view of the current Joint United Nations’ Programme on HIV/AIDS (UNAIDS) 90-90-90 target (i.e. 

90% of HIV-infected persons know their HIV status; 90% of those diagnosed with HIV-infection receive 

cART; 90% of those receiving cART achieve viral suppression) [32], our on-treatment virological 

suppression estimate of 90.8% - 94.5% indicates that patients retained in clinical care can achieve, or 

even surpass the current viral suppression target set at 90%. However, our study result of 71.6% 

virological suppression in the intention-to-treat analysis in which all lost to follow-up, dead, or stopped 

patients were assumed to be alive with a detectable viral load is clearly indicative of 

underachievement. This is mainly because of the 20.5% (171/836) attrition in our study, the majority of 

which occurred in the early period after cART initiation [26]. Therefore, efforts to achieve the UNAIDS 

target indicated above should primarily address the problem of attrition along the cascade of HIV care, 

in addition to focusing on targeted testing for HIV and immediate linkage of HIV-positives to clinical 

care. 

 

An interesting finding is that younger age is an independent predictor of having detectable viral load. 

This result is consistent with previously conducted studies in Africa and Europe [33, 34]. Many studies 

have suggested that younger patients are at a greater likelihood of being  non-adherent compared to 

older patients due to a multitude of challenges including stigma, socio-economic barriers, lack of 

friendly services, and field/or migratory labor work [35-39]. However, younger age remained 

significantly predictive of detectable viremia even after controlling for medication adherence. 

Therefore, future studies should look for other factors which could potentially put young people at a 

greater likelihood of having detectable viremia, such as transmitted drug resistance. Additionally, 

patients with no formal education were at a higher likelihood of having detectable viral load. Therefore, 

future interventions aimed at reducing detectable viral load should focus on younger and illiterate 

patients [40]. 

 

Advanced immunodeficiency at cART initiation and/or the diagnosis of immunological failure thereafter 

was also independently predictive of detectable viral load after adjustment for potential confounders. 

This finding is in agreement with the large majority of previously conducted studies [41-46]. However, 

previous studies have also reported that the WHO-recommended immunological criteria [6, 7] poorly 

perform in detecting virological treatment failure [47-50] while other investigators have found that the 

virological response is not necessarily compromised when patients initiate cART at a lower CD4 cell 

level [51]. Our study result suggests that knowledge of the CD4 cell count at the start of cART and/or 

the diagnosis of immunological failure thereafter may  help health-care providers to prioritize patients 

with a higher likelihood of detectable viremia for closer clinical and laboratory monitoring and/or 
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targeted adherence support interventions. In addition, it calls for practical measures to detect the HIV-

positive status early and initiate cART before patients are severely immuno-compromised. 

 

This study has important strengths worth mentioning. The large sample size together with random 

selection of patients from a sampling frame facilitates the generalization of findings to all HIV-infected 

adults receiving cART in Addis Ababa. Also, the tracking and ascertainment of LTFU patients’ current 

status in HIV-care helped to compute more reliable scenario-based viral suppression estimates. In 

addition, the results from this empirical study reflect patients’ experiences in the real-world practice, 

and can be used as a basis for population-based interventions. 

 

This study also has limitations that merit attention. First, viral load was measured only once in the 

course of treatment. Therefore, we cannot infer long-term virological success from these results 

although time since start cART was not associated with having detectable viremia. In addition, 

unmeasured confounders, such as plasma HIV-1 RNA at the start of cART or the presence of 

transmitted drug resistance, might bias our study results to some extent. For example, some of the 

lower levels of detectable viremia might be due to slow and suboptimal virological response as a result 

of a high baseline plasma viremia. However, the large majority of HIV-infected patients with a 

detectable viral load had been taking cART for >12 months. Next, some of the randomly selected 

patients who had died before commencement of this study may have died of with detectable viremia, 

which could have inflated the true proportion of on-treatment virological suppression. Finally, longer 

and prospective follow-up study may be required to identify predictors of viral rebound in previously 

suppressed individuals. 

 

In conclusion, the level of virological suppression among patients on first-line cART receiving routine 

clinical care in Addis Ababa is high despite routine viral load monitoring being unavailable. Hence, if a 

well-designed public ART-program is in place, as in the case in Ethiopia, it might be more reasonable 

to focus on and pay attention to younger and illiterate patients, diagnosing patients and initiating them 

on cART before they are severely immuno-compromised, and improving retention in HIV-care. 

 
  



64 
 

Acknowledgement 

We are grateful to the patients and ART-clinic staff who took part in the study. We would like to thank 

the Ethiopian Public Health Institute and Addis Ababa Regional Laboratory for storing the specimens 

in a deep freezer temporarily. Our special thanks go to the International Clinical Laboratories, Addis 

Ababa, Ethiopia, for measuring the viral load at a much subsidized cost. This work was supported by 

the Netherlands Universities’ Foundation for International Cooperation [grant number CF7455/2011] 

and by the HIV Research Trust [grant number HIVRT13-049]. 

 
 
 

 



65 
 

 
 

References 

1. FmoH/FHAPCO [Ethiopia]. ART scale up in Ethiopia: successes and challenges. Jan 2009. Addis 

Ababa, Ethiopia. 

2. Assefa Y, Jerene D, Lulseged S, Ooms G, Van Damme W. Rapid Scale-Up of Antiretroviral 

Treatment in Ethiopia: Successes and System-Wide Effects. PloS Med 2009; 6(4): e1000056. 

3. Assefa Y, Achamyeleh Alebachew, Meskele Lera, et al. Scaling up antiretroviral treatment and 

improving patient retention in care: lessons from Ethiopia, 2005-2013. Globalization and Health 

2014; 10: 43. 

4. Araya T, Tensou B, Davey G and Berhane Y. Burial surveillance detected significant reduction in 

HIV-related deaths in Addis Ababa, Ethiopia. Trop Med Int Health 2011; 16(12): 1483-1489. 

5. Reniers G, Araya T, Davey G, et al. Steep declines in population-level AIDS mortality following the 

introduction of antiretroviral therapy in Addis Ababa, Ethiopia. AIDS 2009; 23: 511-518. 

6. FmoH/FHAPCO [Ethiopia]. Guidelines for the management of opportunistic infections and anti-

retroviral treatment in adolescents and adults in Ethiopia. July 2007. Addis Ababa, Ethiopia. 

7. World Health Organization. Consolidated guidelines on the use of antiretroviral drugs for treating 

and preventing HIV infection: recommendations for a public health approach. June 2013. Geneva, 

Switzerland. 

8. Gulick RM, Ribaudo HJ, Shikuma CM, et al. Triple-nucleoside regimens versus efavirenz-

containing regimens for the initial treatment of HIV-1 infection. N Engl J Med 2004; 350: 1850-

1861. 

9. Staszewski S, Morales-Ramirez JA, Tashima KT, et al. Efavirenz plus zidovudine and lamivudine, 

efavirenz plus Indinavir, and Indinavir plus zidovudine and lamivudine in the treatment of HIV-1 

infection in adults. N Engl J Med 1999; 341(25): 1865-1873. 

10. Montaner JSG, Reiss P, Cooper DA, et al. A randomized, double-blind trial comparing 

combinations of nevirapine, didanosine, and zidovudine for HIV-infected patients: the INCAS trial. 

JAMA 1998; 279: 930-937. 

11. Barth RE, van der Loeff MF, Schuurman R, Hoepelman AI, Wensing AM. Virological follow-up of 

adult patients in antiretroviral treatment programs in sub-Saharan Africa: A systematic review. 

Lancet Infect Dis 2010; 10(3): 155-166. 

12. McMahon JH, Julian HE, Bertagnolio S, Kubiak R, Jordan MR. Viral suppression after 12 months 

of antiretroviral therapy in low- and middle-income countries: A systematic review. Bull World 

Health Organ 2013; 91: 377-385. 

13. Schwartlander B, Grubb I, Perriens J. The 10-year struggle to provide antiretroviral treatment to 

people with HIV in the developing world. Lancet 2006; 368: 541-546. 

14. Hamers RL, Wallis CL, Kityo C, et al. HIV-1 drug resistance in antiretroviral-I individuals in sub-

Saharan Africa after rollout of anti-retroviral therapy: a multicenter observational study. Lancet 

Infect Dis 2011; 11: 750-759. 

15. Kassa D, Gebremichael G, Alemayehu Y, Wolday D, Messele T, van Baarle D. Virologic and 

immunologic outcome of HAART in Human Immunodeficiency Virus (HIV)-1 infected patients with 



66 
 

and without tuberculosis (TB) and latent TB infection (LTBI) in Addis Ababa, Ethiopia. AIDS 

Research and Therapy 2013; 10: 18. 

16. Reepalu A, Balcha TT, Skogmar S, et al. High Rates of Virological Suppression in a Cohort of 

Human Immunodeficiency Virus-Positive Adults Receiving Antiretroviral Therapy in Ethiopian 

Health Centers Irrespective of Concomitant Tuberculosis. Open Forum Infect Dis 2014; 1(1): 

ofu039. 

17. Abdissa A, Yilma D, Fonager J, et al. Drug resistance in HIV patients with virological failure or 

slow virological response to antiretroviral therapy in Ethiopia. BMC Infectious Diseases 2014; 14: 

181. 

18. Urbaniak, G. C., & Plous, S. (2011). Research Randomizer (Version 3.0) [Computer software]. 

Retrieved on July 10, 2012, from http://www.randomizer.org/ 

19. Mekuria LA, Sprangers MAG, Prins JM, Yalew AW, Nieuwkerk PT. Health-related quality of life of 

HIV-infected adults receiving combination antiretroviral therapy in Addis Ababa. AIDS Care 2015; 

27(8): 934-945. 

20. de Boer IM, Prins JM, Sprangers MAG, Nieuwkerk PT. Using different calculations of pharmacy 

refill adherence to predict virological failure among HIV-infected patients. J Acquir Immune Defic 

Syndr 2010; 55: 635-640. 

21. World Health Organization. WHO guidelines on drawing blood: best practices in phlebotomy. 

2010. Geneva, Switzerland.  

22. Abbott Real Time TM HIV-1/HCV: quick reference guide for manual sample preparation. Abbott 

GmbH & Co.KG, Abbott Molecular Europe, Max-Plank-Ring2. Wiesbaden-Delkenheim, 09/06/1. 

23. Lee PK, Kieffer TL, Siliciano RF, Nettles RE. HIV-1 viral load blips are of limited clinical 

significance. J Antimicrob Chemother 2006; 57: 803-805. 

24. Di Mascio M, Markowitz M, Louie M, et al. Viral blip dynamics during highly active antiretroviral 

therapy. J Virol 2003; 77: 12165-12172. 

25. Santoro MM, Armenia D, Alteri C, et al. Impact of pre-therapy viral load on virological response to 

modern first-line HAART. Antiviral Therapy 2013; 18: 867-876. 

26. Mekuria LA, Prins JM, Yalew AW, Sprangers MAG, Nieuwkerk PT. Retention in HIV Care and 

Predictors of Attrition from Care among HIV-Infected Adults Receiving Combination Anti-Retroviral 

Therapy in Addis Ababa. PLoS ONE 2015; 10(6): e0130649. 

27. Bussmann H, Wester CW, Ndwapi N, et al. Five-year outcomes of initial patients treated in 

Botswana’s National Antiretroviral Treatment Program. AIDS 2008; 22: 2303-2311. 

28. Phillips AN, Pillay D, Miners AH, Bennett DE, Gilks CF, Lundgren JD. Outcomes from monitoring 

of patients on antiretroviral therapy in resource-limited settings with viral load, CD4 cell count, or 

clinical observation alone: a computer simulation model. Lancet 2008; 371: 1443-1451. 

29. Keebler D, Revill P, Braithwaite S, et al. Cost- effectiveness of different strategies to monitor 

adults on antiretroviral treatment: a combined analysis of three mathematical models. Lancet Glob 

Health 2014; 2: e35-e43. 

30. Gibb DM, Mugyenyi P. Sustainable and cost-effective monitoring of patients on ART (comment). 

Lancet 2014; 2: e4-e5. 



67 
 

 
 

31. FmoH/HAPCO [Ethiopia]. HIV/AIDS Related Commodity Requirements for the Federal Republic of 

Ethiopia: 2009 to 2014. December 2008. Retrieved on May 20, 2015, from 

http://www.etharc.org/resources/download/finish/33/99 

32. UNAIDS. 90-90-90: An ambitious treatment target to help end the AIDS epidemic. Retrieved on 

October 20, 2015, from http://www.unaids.org/sites/default/files/media_asset/90-90-90_en_0.pdf 

33. Hassan AS, Nabwera HM, Mwaringa SM, et al. HIV-1 virologic failure and acquired drug 

resistance among first-line antiretroviral experienced adults at a rural HIV clinic in coastal Kenya: a 

cross-sectional study. AIDS Research and Therapy 2014; 11: 9. 

34. Mocroft A, Gill MJ, Davidson W, Phillips AN. Predictors of a viral response and subsequent 

virological failure in patients with HIV starting a protease inhibitor. AIDS 1998; 12: 2161-2167. 

35. Auld AF, Agolory SG, Shiraishi RW, et al. Antiretroviral therapy enrollment characteristics and 

outcomes among HIV-infected adolescents and young adults compared with older adults-seven 

African countries, 2004-2013. MMWR Morb Mortal Wkly Rep 2014; 63(47): 1097-1103. 

36. Hadland SE, Milloy MJ, Kerr T, et al. Young age predicts poor antiretroviral adherence and viral 

load suppression among injection drug users. AIDS Patient Care and STDs 2012; 26(5): 274-280. 

37. Lall P, Lim SH, Khairuddin N, Kamarulzaman A. An urgent need for research on factors impacting 

adherence to and retention in care among HIV-positive youth and adolescents from key 

populations. J Int AIDS Soc 2015; 18(2): 19393. 

38. Nachega JB, Hislop M, Nguyen H, et al. Antiretroviral therapy adherence, virologic and 

immunologic outcomes in adolescents compared with adults in Southern Africa. J Acquir Immune 

Defic Syndr 2009; 51(1): 65-71. 

39. Murphy DA, Belzer M, Durako SJ, Sarr M, Wilson CM, Muenz LR. Longitudinal antiretroviral 

adherence among adolescents infected with human immunodeficiency virus. Arch Pediatr Adolesc 

Med 2005; 159: 764-770. 

40. Bekker LG, Johnson L, Wallace M, and Hosek S. Building our youth for the future. J Int aids Soc 

2015; 18(2): 20027. 

41. Fox MP, Cutsem GV, Giddy J, et al. The IeDEA-SA collaboration. Rates and predictors of failure 

of first-line antiretroviral therapy and switch to second-line ART in South Africa. J Acquir Immune 

Defic Syndr 2012; 60(4): 428-437. 

42. Uy J, Armon C, Buchacz K, Wood K, Brooks JT; HOPS Investigators. Initiation of HAART at 

higher CD4 cell counts is associated with a lower frequency of antiretroviral drug resistance 

mutations at virologic failure. J Acquir Immune Defic Syndr 2009; 51: 450-453. 

43. Moore DM, Mermin J, Awor A, Yip B, Hogg RS, Montaner JS. Performance of immunologic 

responses in predicting viral load suppression: implications for monitoring patients in resource-

limited settings. J Acquir Immune Defic Syndr 2006; 43: 436-439. 

44. Lathey JL, Hughes MD, Fiscus SA, et al. Variability and prognostic values of virologic and CD4 

cell measures in human immunodeficiency virus type-1 infected patients with 200-500 CD4 

cells/mm3 (ACTG 175). J Infect Dis 1998; 177: 617-624. 

45. Ahdieh L, Gange SJ, Greenblatt R, et al. Selection by indication of potent antiretroviral therapy 

usage in a large cohort of HIV-infected women. Am J Epidemiol 2000; 152: 923-933. 



68 
 

46. Paredes R, Mocroft A, Kirk O, et al. Predictors of virological success and ensuing failure in HIV-

positive patients starting highly active antiretroviral therapy in Europe: results from the EuroSIDA 

study. Arch Intern Med 2000; 160: 1123-1132. 

47. Reynolds SJ, et al. Failure of immunologic criteria to appropriately identify antiretroviral treatment 

failure in Uganda. AIDS 2009; 23: 697-700. 

48. van Oosterhout JJ, et al. Diagnosis of antiretroviral therapy failure in Malawi: poor performance of 

clinical and immunological WHO criteria. Trop Med and Int Health 2009; 14: 856-861. 

49. Rawizza H, et al. Immunologic criteria are poor predictors of virologic outcome: implications for 

HIV treatment monitoring in resource-limited settings. Clin Infect Dis 2011; 53: 1283-1290. 

50. Mee P, et al. Evaluation of WHO criteria for antiretroviral treatment failure among adults in South 

Africa. AIDS 2008; 22: 1971-1977. 

51. Phillips AN, Staszewski S, Weber R, et al. HIV Viral Load Response to Antiretroviral Therapy 

According to the Baseline CD4 Cell Count and Viral Load. JAMA 2001; 286: 2560-2567. 

52. WHO. (2005). Treat 3 million by 2005: Interim WHO clinical staging of HIV/AIDS and HIV/AIDS 

case definitions for surveillance, African Region. Geneva. Retrieved on May 12, 2015 from 

http://www.who.int/hiv/pub/guidelines/clinicalstaging.pdf. 

 

 

 

 

  


