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Abstract

OBJECTIVE—To describe pediatric ART scale-up in Ethiopia, one of the 21 global priority 

countries for elimination of pediatric HIV infection.

METHODS—A descriptive analysis of routinely collected HIV care and treatment data on HIV-

infected children (<15 years) enrolled at 70 health facilities in four regions in Ethiopia, January 

2006–September 2013. Characteristics at enrollment and ART initiation are described along with 

outcomes at 1 year after enrollment. Among children who initiated ART, cumulative incidence of 

death and loss to follow-up (LTF) were estimated using survival analysis.

RESULTS—11 695 children 0–14 years were enrolled in HIV care and 6815 (58.3%) initiated 

ART. At enrollment, 31.2% were WHO stage III and 6.3% stage IV. The majority (87.9%) were 

enrolled in secondary or tertiary facilities. At 1 year after enrollment, 17.9% of children were LTF 

prior to ART initiation. Among children initiating ART, cumulative incidence of death was 3.4%, 

4.1% and 4.8%, and cumulative incidence of LTF was 7.7%, 11.8% and 16.6% at 6, 12 and 24 

months, respectively. Children <2 years had higher risk of LTF and death than older children (P 
< 0.0001). Children with more advanced disease and those enrolled in rural settings were more 

likely to die. Children enrolled in more recent years were less likely to die but more likely to be 

LTF.

CONCLUSIONS—Over the last decade large numbers of HIV-infected children have been 

successfully enrolled in HIV care and initiated on ART in Ethiopia. Retention prior to and after 

ART initiation remains a major challenge.
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Introduction

Globally, the scale-up of antiretroviral treatment represents one of the greatest successes 

in the history of global health. By the end of 2014, an estimated 15 million individuals, 

including more than 800 000 children younger than 15 years, initiated antiretroviral therapy 

(ART) [1]. While paediatric treatment still lags behind adult successes, many countries, 

particularly in Southern Africa, have reported high rates of ART initiation, diminishing 

mortality and markedly improved health outcomes among children with HIV [2, 3].

By comparison, far less is known about efforts to treat children in other parts of sub-Saharan 

Africa including Ethiopia [4–7]. With an estimated 790 000 individuals living with HIV 

infection, a seroprevalence of 1.2% in the general population and close to 25 000–30 000 

HIV-positive women delivering annually, Ethiopia is one of the 21 global priority countries 

to eliminate new paediatric infections [8, 9]. In 2014, there were an estimated 4800 new 

paediatric HIV infections and roughly 110 000 children with HIV infection in the country 

[1, 9]. Treatment coverage for children is low at 22%, and compares unfavourably with 

estimates of >50% in the adult population [9].

Over the last decade, there has been a broad and systematic expansion of HIV services in 

Ethiopia. Free ART became available in 2005, with rapid scale-up of services across the 

country by decentralising HIV services to urban and rural centres starting 2007. In 2008, 

provider-initiated HIV testing and counselling (PITC) was promoted as part of standard 

HIV care in all health facilities. The national early infant diagnosis (EID) programme was 

initiated in 2006 and scaled up in 2007. Standalone paediatric HIV care and treatment 

guidelines were issued in 2007 providing a framework for provision of comprehensive 

services for HIV-exposed and HIV-infected children [10]. Paediatric HIV care and treatment 

services were subsequently decentralised with an emphasis on infant diagnosis, ART, 

adherence and psychosocial support.

ICAP at Columbia University has been a major implementing partner for the U.S. 

President’s Emergency Plan for AIDS Relief (PEPFAR) since September 2005, supporting 

comprehensive HIV care and treatment programmes in four regions of Ethiopia with a total 

population of over 35 million people. By the end of 2013, ICAP’s support included technical 

assistance to 70 health facilities providing comprehensive HIV services including paediatric 

care and treatment. As part of the Identifying Optimal Models of HIV Care and Treatment, 

we report on a large cohort of HIV-infected children enrolled in routine HIV care and 

treatment services in Ethiopia and describe characteristics at enrolment, and outcomes prior 

to and after initiating ART [11–13].
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Methods

Study design and study population

We analysed routinely collected clinical information on HIV-infected children (0–14 years 

of age) enrolled at 70 health facilities from four regions (Oromia, Dire Dawa, Harari and 

Somali) in Ethiopia. These health facilities collected longitudinal electronic patient-level 

clinical information as part of routine care, which was de-identified and included in the 

Optimal Models of HIV Care study [11–13]. Data on all children enrolled in care between 

1 January 2006 and 30 September 2013 with follow-up visits through 30 September 2014 

were included. During each clinic visit, healthcare providers documented patient information 

using the national clinical forms. Trained data clerks at the health facilities entered the forms 

into an electronic database. Data quality was assessed every 3 months for completeness and 

accuracy. An anonymised version of onsite electronic databases was created by stripping 

patient identifying information and replacing patient ID with a unique randomly generated 

study ID; these databases were then shared with study investigators at ICAP-Columbia 

University.

During this time, national guidelines recommended ART initiation for all infants aged <1 

year of age; children aged 1–4 years with WHO stage III/IV or CD4 cell count <750 cells/

mm3; and children aged 5–14 years WHO stage III/IV or CD4 cell count <350 cells/mm3 

[10]. In 2014, the guidelines were revised to recommend universal ART for all children aged 

<15 years of age [14].

Statistical methods

We summarised clinical and demographic characteristics of HIV-infected children at 

enrolment into HIV care and at ART initiation using descriptive statistics stratified by age 

group (0–4 years and 5–14 years). We further subdivided these categories into groups of <1 

year, 1 year, 2–4 years and 5–14 years. CD4 cell counts presented are the closest recorded 

counts within a window period of 3 months prior to and one month after enrolment into 

HIV care or ART initiation. Outcomes in the time period up to ART initiation were assessed 

by categorising outcomes one year after enrolment into mutually exclusive outcomes of 

retained in pre-ART care, initiating ART, transferring to another health facility before ART 

initiation, recorded death before ART initiation and loss to follow-up (LTF) before ART 

initiation. Among those who initiated ART, time from enrolment to ART initiation was 

calculated and categorised (<1, 1–3, 4–6, 7–12 months). Patients were considered LTF after 

ART initiation if they did not have a recorded visit for 6 months or more and were not 

recorded as dead or transferred out.

Among children who started ART, cumulative incidence of recorded death, LTF and total 

attrition (recorded death and LTF) through 36 months after ART initiation were estimated 

using Kaplan–Meier methods, overall and then stratified by age group and calendar year. 

Individual-level factors associated with reported LTF and death after ART initiation were 

estimated using Cox proportional hazards models with robust sandwich estimates to account 

for within-clinic correlation, with multivariable models adjusted for age, sex, CD4 cell count 
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and WHO stage at ART initiation, first ART regimen, facility type (primary vs. secondary/

tertiary), location (rural vs. urban) and the availability of a CD4+ machine onsite.

Ethical approval

Anonymised patient-level data from routine health service delivery settings were used as 

part of the Identifying Optimal Models of HIV Care and Treatment study. Institutional 

Review Board (IRB) approval was obtained from the National Research Ethics Review 

Committee in Ethiopia; the study was also reviewed by the Columbia University Medical 

Center IRB and the Center for Global Health at the US Centers for Disease Control and 

Prevention (CDC).

Results

A total of 11 695 HIV-infected children aged 0–14 years of age were enrolled in HIV 

care at 70 ICAP-supported health facilities between 2006 and 2013. Roughly half (45.8%) 

of enrolled children were 0–4 years of age (Table 1). Nearly one-third (32.3%) were 

enrolled from PITC points of testing (inpatient, outpatient, TB and other hospital clinics). 

Less than one-third (26.8%) of all children were enrolled from voluntary counselling and 

testing (VCT) venues; among children under 5 years of age, 7.5% were enrolled through 

prevention of mother-to-child transmission (PMTCT) services. The vast majority of the 

children (87.9%) received care at secondary- or tertiary-level health facilities in primarily 

urban (60.1%) and semi-urban settings (34.2%).

Of the 10 009 (85.6%) children with a recorded WHO stage at enrolment, over one-third 

were WHO stage III (31.2%) or IV (6.3%) [Table 1]. CD4 cell count at enrolment was 

not documented for 63% of children aged <5 years and was missing for 26.9% of those 

aged 5–14 years. Based on WHO 2006 classification system, combining available clinical 

and immunologic data, 20.8% of children aged <5 years and 23.5% of older children were 

classified with severe immunodeficiency [15].

Overall, 6815 (58.3%) of all children enrolled in HIV care initiated ART through the 

follow-up period (Table 1). Of these, 27.2% of children aged <5 years and 18.6% of older 

children were classified as WHO stage I, while 10.3% of the younger and 6.9% of the older 

children were stage IV. Over half (58.1%) of children aged <5 years were missing CD4 cell 

count at ART initiation, and among those with recorded CD4 cell count, 8.4% and 12.0% 

had CD4 < 100 and 100–199 cells/mm3, respectively. In the older age group, 83.6% had 

CD4 cell count documented, of whom 24.3% had CD4 < 100 cells/mm3 and 28.4% had CD4 

100–199 cells/mm3. Roughly one-third (31.5%) of the children aged <5 years and 41.9% of 

older children had severe immunodeficiency at ART initiation [15].

Trends in patient characteristics over time

New enrolment of children increased from 1336 in 2006 to 2190 in 2008, and then decreased 

gradually to 1017 in 2012 (Table 1). Median CD4 cell count at enrolment, among children 

with recorded results, increased over time for both the <5 years and 5–14 year age groups: 

median CD4 cell count at enrolment among younger children increased from 535 cells/mm3 
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in 2006 to 680 cells/mm3 in 2012, and among older children increased from 255 cells/mm3 

in 2006 to 373 cells/mm3 in 2012 (P < 0.0001, Figure 1).

Between 2006–2007 and 2010–2011, the proportion of paediatric patients initiating ART 

with WHO stage I increased from 8.9% to 27.4% while the proportion of children initiating 

ART with WHO stage III and IV decreased from 60.9% to 40.3% (stage III) and 15.0% to 

6.9% (stage IV), respectively, P < 0.0001. Median CD4+ cell count at ART initiation, among 

children with recorded results, increased gradually from 260 cells/mm3 to 419 cells/mm3 

among younger children, and from 135 cells/mm3 to 205 cells/mm3 among older children 

between 2006 and 2012 (Figure 1).

Patient outcomes after enrolment into HIV care and ART initiation

At one year after enrolment into HIV care, 2090 (17.9%) children were lost to follow-up, 

of whom 412 (3.5% of all children enrolled and 19.7% of all children lost to follow-up) 

were lost after attending only their initial enrolment visit (Table 2). There were 91 (0.8%) 

recorded deaths and 426 (3.6%) recorded transfers out of the facility before ART initiation. 

At one year after enrolment, 45.4% of enrolled children had initiated ART and 32.3% 

remained in care not yet on ART. While overall recorded deaths were low, children aged <5 

years were significantly more likely to die before ART initiation than older children (1.0% 

vs. 0.5%, P = 0.0001). Among the 5306 (45.4%) children who initiated ART within the first 

year of enrolment, 60.6% initiated ART within 30 days and 86.9% started within 6 months 

of enrolment. A higher proportion of younger children started ART and a slightly higher 

proportion began treatment within one month after enrolment compared with older children 

(63.5% vs. 57.8%, P < 0.0001).

Among the 6815 (58.3%) patients who ever initiated ART before 15 years of age, the 

cumulative incidence of total attrition (LTF or recorded death) at 6, 12 and 24 months after 

ART initiation was 10.9% (95% CI: 10.2–11.7%), 15.5% (95% CI: 14.6–16.4%) and 20.6% 

(95% CI: 19.6–21.6%), respectively (Figure 2a). The cumulative incidence of recorded death 

was 3.4% (95% CI: 3.0–3.9%), 4.1% (95% CI: 3.6–4.6%) and 4.8% (95% CI: 4.2–5.3%), 

and the cumulative incidence of LTF was 7.7% (95% CI: 7.1–8.4%), 11.8% (95% CI: 11.1–

12.7%) and 16.6% (95% CI: 15.7–17.6%) at 6, 12 and 24 months, respectively. Children 

with younger age had a higher risk of LTF and recorded death than older children (Figure 

2b, c). Children under one year of age had the highest recorded death and LTF rates while 

children aged 5–9 years had the lowest.

Risk factors for LTF and death after ART initiation

Among children under 5 years, recorded death was associated with younger age, advanced 

disease stage and attending a facility in a rural area (Table 3). Compared with children 

aged 2–4 years, children under one year were 2.3 times more likely to die (adjusted hazard 

ratio (aHR) 2.3, 95% CI: 1.5–3.5), and children aged 1–2 years were 1.5 times more likely 

to die (aHR 1.5, 95% CI: 1.0–2.2) (Table 3). Children with WHO stage IV disease were 

two times more likely to die than children in WHO stage I (aHR 2.0, 95% CI: 1.2–3.5). 

Children with severe immunodeficiency (aHR 2.5, 95% CI: 1.8–3.6) or with indeterminate 

immunodeficiency level (aHR 1.7, 95% CI: 1.1–2.8) were at higher risk of death than 
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children with no severe immunodeficiency. Children enrolled at rural sites were more likely 

to die than children in urban settings (aHR 2.1, 95% CI: 1.3–3.5). Younger children who 

initiated ART in more recent years were less likely to die (aHR 0.4, 95% CI: 0.2–0.8, 

comparing 2012–2013 vs. 2006–2007).

Infants were also more likely to be LTF than 2–4 year-olds. Children with WHO stage 

IV were also at high risk to be lost. Children who initiated ART in more recent years 

(2008–2009, 2010–2011 and 2012–2013) had significantly higher risk of LTF than children 

initiated in 2006–2007 (aHR 2.1, 95% CI: 1.3–3.4; aHR 2.8, 95% CI: 1.6–4.9; aHR 3.3, 

95% CI: 1.7–6.3, respectively). Those enrolled in rural settings (aHR 0.4, 95% CI: 0.2–0.9) 

had lower risk of LTF compared with those from urban areas.

Among older children (Table 3), those aged 5–9 years were less likely to be LTF (aHR = 

0.8, 95% CI: 0.7–1.0) compared with children aged 10–14 years. Children with CD4 cell 

counts less than 100 cells/mm3 had the highest risk of death (aHR 2.2, 95% CI: 1.1–4.9) 

compared to children with more than 350 CD4 cells/mm3. The risk of death was lowest 

in children who started ART in more recent years (aHR 0.2, 95% CI: 0.1–0.3, comparing 

children who started ART in 2012–2013 to children started in 2006–2007), while LTF was 

higher in children who started ART in more recent years (aHR 1.9, 95% CI: 0.7–5.1; aHR 

1.9, 95% CI: 1.0–3.4; and aHR 1.6, 95% CI: 1.1–2.5 comparing children started ART in 

2012–2013, 2010–2011 and 2008–2009 to those started in 2006–2007). Attending a facility 

located in rural area was associated with a lower risk of LTF (aHR 0.4, 95% CI: 0.2–0.7).

Discussion

Our study provides an unprecedented overview of the scale-up of HIV care and treatment 

services for children in Ethiopia, a country with one of the largest paediatric HIV epidemics 

in the world. Among 11 695 HIV-infected children under 15 years of age enrolled in HIV 

care between 2006 and 2013 in four regions in Ethiopia, we found a high proportion of 

children enrolling in care with evidence of advanced disease, with over one-third diagnosed 

with WHO stage III or IV at presentation. Nearly half of all children initiated ART at one 

year from enrolment, of whom 60% started treatment within a month of enrolment. Overall, 

rates of attrition, death and LTF were similar to those reported in other countries, with close 

to 20% of children lost prior to ART initiation and 15% of those on treatment LTF at 1 year. 

In more recent years, children enrolling in care were healthier, with less advanced clinical 

disease and higher median CD4 cell count, but also at somewhat higher risk for LTF.

In a systematic review of 45 patient cohorts and 55 904 children on ART in 23 countries, 

Rosen and Fox estimated retention at 12 and 24 months at 88 and 72%, respectively. 

There are only a limited number of reports of children on ART from Ethiopia [4–6, 16]. 

Hagstromer et al. compared outcomes among Ethiopian children receiving care at a public 

hospital with those enrolled at health centres: among 1960 children, 34% were LTF, 2% 

died, 14% were transferred out and only 46% remained in care [5]. In this cohort, both 

death and LTF were associated with advanced disease and young age. In our cohort, among 

children aged <5 years, we also found that the youngest children, particularly those aged <1 

year, and those with advanced disease (WHO stage IV) were at highest risk for death and 
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LTF. Children enrolled in care in more recent years had a lower risk of death, likely a result 

of better case finding and improved health status at enrolment. Similar to results presented 

among adult patients in this setting [11], we also found children enrolled in the later years 

of the scale-up at higher risk for LTF. We have no definitive explanation for this but surmise 

that with decentralisation and improved access to ART, undocumented transfers to other 

health facilities may have increased [17, 18]. Our finding that retention was higher for 

children enrolled in care at rural vs. urban sites supports this hypothesis as more treatment 

options are generally available within urban communities compared to rural settings.

We documented an increase in CD4 cell count at the time of enrolment as well as at ART 

initiation over the 7 years of observation. Overall, a higher proportion of children were being 

identified prior to advanced disease progression. After an initial increase in 2007 among 

children aged 5–14 years with a documented CD4 cell count, the median value at enrolment 

hovered between 300 and 400 cells/mm3. Two studies in adults with HIV in Ethiopia 

identified low socio-economic status, poor HIV knowledge and internalised stigma to be 

associated with late presentation to HIV care [19, 20]. These factors could be considered 

relevant to children who are often dependent upon their adult caretakers to engage in care. 

Despite evidence of some improvement in health status at enrolment, median CD4 at ART 

initiation among those with recorded tests remained quite low for both age cohorts, below 

200 cells/mm3 for 5- to 14-year-olds and between 400 and 500 cells/mm3 for <5-year-olds 

through until 2014. These findings likely reflect fidelity to national guidance – guidelines 

for paediatric treatment remained unchanged from 2003 to 2014 at which time they were 

liberalised to recommend universal treatment for all children aged <15 years. Globally, in 

adults and children there has been a gradual increase in CD4 cell count at ART initiation in 

parallel with recommendations for higher CD4 thresholds for ART initiation [2, 21–25].

One rationale for WHO endorsement of treatment for all individuals with HIV infection 

is the high rates of LTF among individuals in pre-ART care, those not yet qualifying for 

treatment. Similarly, the WHO decision in 2013 to increase the age threshold for treatment 

of children from 2 to 5 years of age was influenced by the higher LTF rates among children 

prior to vs. after ART initiation [26]. Findings from this cohort further underscore this 

rationale. At one year after enrolment into care among the 11 695 children in our cohort, 

17.9% were LTF, 91 (0.8%) died, 426 (3.6%) transferred; 45.5% initiated ART and 32.3% 

remained in pre-ART care. Of the 2090 children LTF after enrolment, close to 20% never 

returned after the first clinic visit. Treatment for all children with HIV infection may avert 

these early losses by immediately preparing and/or initiating ART. On the other hand, 

attrition among children on ART was also high and treating more children could just shift 

losses from the pre-ART period to ART, further downstream along the treatment cascade. 

Our findings, along with previous studies in RLS, are evidence that greater efforts are 

needed to ensure retention of all HIV-infected children enrolled in care. While there is 

limited information on effective strategies to improve retention, in a study from Botswana, 

caregivers and children with HIV proposed several facilities changes that could increase 

retention including weekend clinic hours, reduced clinic wait times, particularly for students 

to decrease time of school, and providing a library for patients to use while waiting [27]. 

The use of patient navigators or community health workers to actively follow-up missed 
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appointments, electronic appointment reminder systems and financial incentives to improve 

retention among children with HIV infection requires urgent consideration.

Twelve-month recorded mortality after ART initiation of 4.1% documented is lower than 

what has previously been reported from Addis Ababa, with a mortality rate of 8.8%. 

However, this study was conducted in a single hospital in Addis Ababa with a relatively 

modest sample <500 patients, making the comparison difficult but may be a result of 

differences in the age distribution of children, programme effectiveness and other contextual 

factors [28]. The mortality rate in our study, however, was similar to findings from studies 

in Southern Africa and Kenya [29, 30]. We also recognise that our measure of recorded 

mortality might well be an underestimate of the true mortality as we did not actively 

ascertain outcomes among children classified as LTF. Of note, nearly half of the patients 

LTF after ART initiation were lost within in the first six months, likely including unreported 

deaths among the sickest children who were at highest risk for attrition.

There are both strengths and weaknesses to this study arising primarily from its data source. 

We used data routinely collected as part of clinical care in Ethiopia. Routinely collected data 

are often subject to levels of missing data higher than that collected as part of research study. 

In particular, CD4+ cell counts were missing for more than half of the young paediatric 

patients less than 5 years of age at enrolment and ART initiation. Consequently, caution 

is warranted in interpreting the CD4 results, particularly for children less than 5 years 

of age. Furthermore, we relied on death recorded as part of routine clinical care and did 

no independent verification of patients’ vital status. A large but unknown proportion of 

patients classified as LTF were likely undocumented deaths, suggesting that our mortality 

estimates are underestimates. Similarly undocumented transfers are being treated as LTF. 

However, use of routinely collected data enables us to provide a more comprehensive 

description of patient characteristics and outcomes at the types of clinics where the majority 

of HIV-infected children individuals in Ethiopia are seeking HIV care and treatment.

Conclusions

We report on the health outcomes of more than 11 600 HIV-infected children enrolled in 

HIV care in Ethiopia, one of the 21 global priority countries. Overall, we saw improved 

identification and enrolment of children into HIV care from 2006 to 2011, likely associated 

with the introduction and scale-up of paediatric PITC. Over this period, ART initiation 

also increased among all enrolled children; however, a subset of eligible children never 

initiated initiate ART. Among those starting treatment, we saw ART initiated an increasingly 

higher CD4 cell counts and lower WHO stage. High rates of mortality and LTF, particularly 

among young children, require urgent attention and innovative solutions to ensure that all 

HIV-infected children accrue lifelong benefits of the ART scale-up.
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Figure 1. 
Median CD4+ cell count (cells/mm3) at enrolment and ART initiation among paediatric 

patients in Ethiopia between 2006 and 2012. Key: Black lines refer to patients aged 0–4 

years and grey lines to patients aged 5–14 years. Solid lines represent median CD4+ cell 

count at enrolment into HIV care and dotted lines represent median CD4+ cell count at ART 

initiation.
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Figure 2. 
Cumulative incidence of recorded death and loss to follow-up after ART initiation. (a) 

Cumulative incidence of recorded death, LTF and attrition (all age groups). (b) Cumulative 

incidence of recorded death. (c) Cumulative incidence of LTF.
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