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ABSTRACT 

 

Objectives: To describe the incidence of antiretroviral treatment failure and 

associated factors in a pediatric clinical cohort within the East African International 

Epidemiology Databases to Evaluate AIDS (EA-IeDEA) consortium. 

Design: A retrospective cohort study. Clinical treatment failure was defined as 

advancement in clinical WHO stage, or CDC class at least 24 weeks after initiation 

of treatment. Immunological failure was defined as developing or returning to the 

following age-related immunological thresholds after at least 24 weeks on 

treatment; CD4 count of <200 or CD4% <10% for children aged 2-5 years and CD4 

count of < 100 for a child aged > 5years. 

Setting: The study utilized the electronic medical records of HIV-infected pediatric 

patients enrolled into the EA-IeDEA consortium clinics from January 2005 to 

August 2012. 

Results: A total of 5927 children were included in the analysis. The estimated 

cumulative incidence of clinical ART treatment failure at one year and four years 

post ART initiation was 11.5% and 31% respectively, while that of immunological 
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treatment failure was at 3%and 22.5% respectively. The main factors associated 

with clinical failure were advanced clinical stage at ART-initiation, year started 

ART and residing in a rural area. Factors associated with immunological failure 

were male gender and age of the child at ART-initiation. Only 6% of those 

identified as having clinical treatment failure were switched to second line 

treatment during the four years of follow-up. 

Conclusion: The probability of clinical and immunologic failure was relatively 

high and increased with time.  

  

 

INTRODUCTION 

 

Globally antiretroviral therapy (ART) services 

for treatment of HIV infections have been 

greatly scaled up1,2.This in turn has been 

associated with reduced morbidity and 

mortality among HIV-infected persons3-

5.There is a currently shift from the initial focus 

on initiation of antiretroviral therapy to its 

long-term maintenance. Treatment failure in 

the early days of ART rollout in sub-Saharan 

Africa was predominately identified using 

clinical and immunological criteria rather than 

virological criteria6. 

The numbers of children failing first line 

treatment and requiring second line will 

continue to rise over time. Timely 

identification of those failing and timely switch 

of regimen is important. Despite the evidence 

that immunologic criteria is a poor predictor of 

virological failure, many programs in limited 

resource settings continue to use this criteria to 

detect treatment failure7. 

Different national programs have reported 

on durability of 1st line ART among the various 

cohorts of patients. We studied the incidence 

and factors associated with first line 

antiretroviral treatment failure in a large 

cohort of children attending clinics affiliated to 

EA-IeDEA consortium. 

 

 

 

MATERIALS AND METHODS 

 

This retrospective cohort study utilized the 

electronic medical records of HIV-infected 

pediatric patients enrolled in clinics affiliated 

with the EA-IeDEA consortium from January 

2005 to August2012. All analysis was 

performed with de-identified data. The IeDEA 

protocol was approved by Institution Research 

Ethics Committee (IREC) of Moi University 

and Moi Teaching and referral Hospital, the 

IRB at Indiana University School of Medicine, 

and all other regulatory bodies affiliated with 

each participating site, and where applicable 

national regulatory bodies. Patient level 

consent was waived by all regulatory entities 

because the data were de-identified and all 

data were routinely collected as part of patient 

care. 

A total of 32 sites were included in this study 

across six programs in Kenya, Uganda, and 

Tanzania. In Kenya, participating programs 

included the Academic Model Providing 

Access to Healthcare (AMPATH), the Family 

AIDS Care and Education Services (FACES) , 

and the MTCT (Mother-to-Child 

Transmission)-Plus program in Kisumu. In 

Uganda, affiliated sites included the Makerere 

University-Johns Hopkins University (MU-

JHU) collaboration at Mulago Hospital 

(MTCT-Plus program), St Francis Nsambya 

and the Masaka Regional Referral Hospital. 

Contributing sites in Tanzania included the 
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Tumbi Regional Hospital in Kibaha, and the 

Morogoro Regional Hospital in Morogoro. The 

clinics were in urban, semi urban and rural 

settings. 

Local data quality protocols are maintained 

at each site. On a bi-annual basis de-identified 

data were transferred to the EA-IeDEA 

Regional Data Center (RDC) where data 

quality checks are done. All HIV-infected 

children aged 14 years and below at ART 

initiation who had at least 24 weeks on ART 

prior to database closure, and who were 

attending one of the HIV clinics affiliated with 

EA-IeDEA were eligible for study inclusion. 

During the study period no site utilized 

routine viral load testing to monitor patients. 

AMPATH site utilized immunologic 

monitoring with confirmatory viral load 

testing.   

The primary outcome of interest during our 

analysis was treatment failure. Clinical 

treatment failure was defined as appearance or 

re-appearance of a WHO stage 3 or 4 condition, 

an advancement in clinical stage (1/2 to 3/4 or 

3 to 4) or an advancement in CDC class (N/A 

to B/C or B to C) at least 24 weeks after 

initiation of treatment. Immunologic failure 

was defined as developing or returning to the 

following age-related immunological 

thresholds after at least 24 weeks on treatment; 

CD4 count of <200 or CD4%<10% for children 

aged 2-5 years and CD4 count of < 100 for a 

child aged > 5years. WHO Child Growth 

Standards and WHO Reference 2007 data were 

used to calculate Z-scores for height-for age 

(HAZ; 0-19 years of age), weight-for-age 

(WAZ; 0-10 years of age) and weight-for-

height (WHZ; 0-5 years of age). CDC Reference 

2000 data was used to calculate weight-for-age 

for ages 10-19. Failure to thrivewas defined as 

aWHZ of < -2 after 24 weeks of treatment. 

Switch to second line treatment was a 

secondary outcome of interest and was defined 

as a complete switch (as opposed to just 

replacing one drug in the regimen) from first 

line regime to a second line regime with no 

record of drug toxicity. Information on death is 

passively collected by the clinical programs.  

Data were analyzed using STATA version 13 

(Stata Corporation, College Station, TX) and R 

(R Development Core Team 2011). To 

determine factors associated with treatment 

failure competing risk analysis was performed. 

The cumulative incidence function Fk(t)was 

used to estimate the probability of failing from 

cause k at a given time t rather than the 

standard Kaplan Meier approach. The Fine 

and Gray model was used to determine factors 

associated with treatment failure in the 

presence of competing risks8. The analysis was 

performed using the crr function in the R 

library cmprsk. 

 

RESULTS 

 

A total of 5927 children met inclusion criteria 

for this analysis with 81.8% of the participants 

being from the AMPATH program (Table 1). 

The median age at ART initiation was 5.6 years 

(IQR: 2.9- 8.9) and 51.4% of the children were 

male. Within sites where orphan status was 

collected, only 46% of children had 

documentation that both parents were alive. 

Nearly half of the children had advanced HIV 

(WHO stage 3 or 4 disease) at initiation of ART 

(Table 1). The nutritional status of the children 

at ART initiation was suboptimal as indicated 

by a median WAZ score of -1.82 (IQR: -2.86, -

0.92). 
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Table 1 

Socio-demographic and clinical characteristics of the participants 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Frequency (%) participants 

East Africa IeDEA Site Name 

AMPATH 

FACES 

Kisumu (MTCT-plus) 

MU-JHU, Mulago (MTCT-plus) 

Masaka 

Morogoro 

St. Francis, Nsambya (MTCT-plus) 

Tumbi 

n=5927 

4848 (81.8) 

441 (7.4) 

46 (0.8) 

98 (1.7) 

140 (2.4) 

246 (4.2) 

42 (0.7) 

66 (1.1) 

Gender 

Female  

Male 

n=5927 

2882 (48.6) 

3045 (51.4) 

Orphan Status at start of ART(AMPATH) 

Both parents Alive 

Both parent deceased 

Mother deceased 

Father deceased 

Missing information 

n=4848 

2259 (46.6) 

643 (13.3) 

504 (10.4) 

598 (12.3) 

844 (17.4) 

WHO stage at ART-initiation 

WHO Stage 1 

WHO Stage 2 

WHO Stage 3 

WHO Stage 4 

Missing information 

 

980 (16.5) 

1581 (26.7) 

1435 (24.2) 

1436 (24.2) 

495 (8.4) 

Year of ART-initiation 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

462 (7.8) 

822 (13.9) 

930 (15.7) 

878 (14.8) 

1400 (23.6) 

1365 (23.0) 

70 (1.2) 

Variable  Median (IQR) 

Age in years at start of ART 

 

n=5927 

5.6 (2.9,8.9) 

CD4 at start of ART1 

 

n=3255 

351 (163, 645) 

CD4 % at start of ART2 

 

n=2910 

13 (8,17) 

WAZ at start of ART 

 

n=5911 

-1.82 (-2.86, -0.92) 

WHZ at start of ART 

 

n=2562 

-0.29 (-1.42,0.71) 
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  1CD4 available for children above 5 years 
2 CD4% available for children below 5 years 

 

Clinical Treatment Failure: The cumulative 

incidence of clinical failure at 12 and 48 months 

post ART-initiation was 11.5% (95%CI 10.6, 

12.3), and 31.2% (95% CI: 21.1, 24.0), 

respectively. While the cumulative incidence 

of Death/LTFU at 12 and 48 months was 5.5% 

(95%CI 5, 6.2) and 22.5% (95%CI 21.1, 24.0), 

respectively. The competing risks of 

death/LTFU and clinical failure are displayed 

in Figure 1.  

 

Figure 1: Time to first line ART clinical failure 

 

A multivariate analysis showed that age and 

clinical stage (WHO) at ART-initiation were 

significantly associated with clinical failure. 

The incidence of clinical failure decreased with 

each subsequent year of ART initiation while 

patients with WHO stage 3 and 4 at initiation 

of ART had a higher incidence of clinical 

failure as shown in table 2. 
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Table 2 

Factors associated with clinical failure and Death/LTFU 

 Variable Event 

Clinical Failure Death/LTFU 

HR 95% CI HR 95% CI 

Male 1.004   0.897, 1.124 1.037 0.908, 1.185 

Age at ART start 1.004  0.988, 1.020 0.968 0.949, 0.987 

NNRT vs NRTI 0.918 0.776, 1.088 1.349 1.098, 1.658 

Year started ART  0.877  0.842, 0.914 1.07 1.024, 1.117 

WHO 3 vs 1 1.297  1.111, 1.515 0.948 0.788, 1.14 

WHO 4vs 1 1.693 1.460, 1.964 1.148 0.965, 1.367 

Rural vs Urban 1.012 0.795, 1.287 0.688 0.500, 0.948 

In between vs Urban 1.103  0.980, 1.242 1.187 1.036, 1.359 

 

Immunologic treatment failure: We observe 

that the cumulative incidence of immunologic 

failure at 12 and 48 months post ART initiation 

was 3% (95%CI 2.5,3.5) and 11.0% (95CI 

10.0,12.1), respectively. While that for death or 

LTFU at 12 and 48 months was 2.1% (95% 1.7, 

2.5) and 20.7(95%CI 19.2, 22.2), respectively as 

shown in Figure 2. 

The variables that were significantly 

associated with immunological failure were 

male gender and age at initiation of ART 

(Table 3). 

 
Figure 2: Time to first-line ART immunological failure 
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Table 3 

Factors associated with Immunologic failure and Death/LTFU 

 

 

Virological failure: A total of 495 participants 

had viral load measurements following an 

immunologic failure. Out of the 495, 69.5% 

were confirmed to have virological failure. Of 

whom only 47% were switched to second line 

regimen while only 6% of those with clinical 

failure were switched. Time to switch was 

longer for those with clinical failure. (Table 4). 

 
Table 4 

Switch to second line regimen. 

 

 

DISCUSSION 

 

This study identified a relatively high 

cumulative incidence of clinical failure one 

year post ART initiation of 11.5%.However this 

was relatively low compared to studies in 

similar settings with findings ranging from 34-

38% 10, 11).The difference may be attributable to 

varied durations of follow up, use of different 

criteria for treatment failure and different 

socio-demographic characteristics of the study 

participants.  

More recent studies have found viral 

suppression rates of between 70-84% and also 

a poor predictive value of immunological 

parameters for virological failure 29, 30. This is 

however short of the 2014 United Nations 

treatment target of 90-90-90 by 202028. 

The cumulative incidence of death/LTFU was 

5.5% over 12months. This was low compared 

to finding in other studies conducted in 

Variable Immunologic Failure Death/LTFU                  

HR 95% CI HR     95% CI 

Male 1.44 1.17, 1.78 0.98 0.84, 1.14 

Age at start of ART 1.09 1.06, 1.13 0.98 0.96, 1.00 

NNRTI vs NRT 1.06 0.77, 1.45 1.24 0.97, 1.59 

Year started ART  1.00 0.93, 1.09 1.09 1.03, 1.16 

WHO stage 4 vs 1 1.20 0.92, 1.55 1.42 1.16, 1.72 

Rural vs Urban 1.02 0.68, 1.53 0.75 0.52, 1.06 

In between versus Urban 0.84 0.67, 1.04 1.27 1.09, 1.48 

Type of failure Proportion Fail 
Proportion switch (of those that had 

failure) 

Median time to switch 

from failure in months 

(IQR)  

Clinical Failure (n=5927) 24.1% 6.0% 15.8 ( 3.0, 32.0) 

Immunologic failure 

(n=4853) 
9.0 % 21.2% 8.9 (3.6, 18.6) 

VL failure (n=495) 69.5% 47.0% 4.4 (2.8, 7.6) 

Failure to thrive 

(n=5916) 
73.03% 3.5% 23.3 (11.6, 37.3) 
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Ethiopia and Kenya that found death 

incidence of 12.4% and 8.4% respectively31,32. 

The differences may be attributed to the 

differences in the clinical and socio-

demographic characteristics of the study 

population.  

Year of ART initiation and advanced WHO 

stage at start of ART were noted to be 

significantly associated with ART clinical 

failure. Peri-urban dwelling was significantly 

associated with immunologic treatment 

failure. These findings were similar to findings 

from other studies in the region that found 

CD4 count, WHO stage and viral load at 

initiation of ART to be associated with 

treatment failure. Other studies have shown 

age to have a significant influence on 

immunological treatment failure 9, 13, 14,15. Other 

studies have however found that patients who 

started ART treatment earlier in life are less 

likely to have clinical failure, but have a higher 

rate of loss to follow up or death 18, 20-24.There is 

likelihood that those starting treatment later 

are more immunosuppressed and hence are 

likely to be in advanced stage of the disease 

and therefore may have problems with 

immune recovery and hence more clinical 

events. 

CDC classification B and C and WHO stage 3 

and 4 at ART initiation were associated with 

clinical failure. This has similarly been 

reported in other studies 17,18.Nutrition status 

was significantly associated with treatment 

failure with higher WAZ score, having a lower 

likelihood of treatment failure. A study by 

Bachaet al., 2012 showed that patients who had 

height for age less than the 3rdpercentile at 

initiation of ART had a higher probability of 

treatment failure19.  

The one-year cumulative incidence for 

immunological failure was 3%. This was 

computed for only one site (AMPATH 

program). The factors associated with 

immunological failure were age and gender. 

The observed increased likelihood of 

immunological failure for males and older 

children at ART initiation is similar to 

observations made in other studies21-24. The 

CD4 count at ART initiation was not 

significantly associated with either clinical or 

immunological failure. This is unlike the 

findings of other studies that reported a 

significant association between baseline CD4 

count and treatment failure 25. 

In all categories of treatment failure, less than 

50% of those identified as having failed 

treatment had a regimen switch. Similar 

findings were noted in a study of a wider 

IeDEA pediatric cohort27, with clinical 

treatment failure having the least likelihood of 

being switched to second line treatment and a 

more than 15month time to switch. Clinical 

and immunological treatment failure may not 

always signify virological failure and this may 

have informed the decision to delay the switch. 

This emphasizes the importance of virological 

monitoring of patients which has currently 

been scaled up in most of the sites. 

Study limitations: This being a retrospective 

electronic data review the likelihood of 

missing data was high. However, the large 

number of patients assessed in this study likely 

mitigates some of the impact of missing data. 

It was not possible to assess true rates of ART 

failure as the study sites did not have the 

capacity to do viral loads routinely.  

 

CONCLUSION 

 

A high cumulative incidence of first line ART 

clinical and immunologic failure was 

identified in this cohort of children at four 

years following ART-initiation. A marked 

delay in switching to second line treatment 

following clinical failure and immunologic 

failure was identified when compared to 
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switches prompted by virological failure. 

Given these findings, we believe that optimal 

treatment of children with HIV will require 

readily available viral load testing. 
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