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Abstract 
Introduction Previous studies performed in low- and middle-income countries have shown that 

nearly half of HIV-infected adults not eligible for antiretroviral therapy (ART) at the time of enrolment 
in care are lost to follow-up (LTFU). However, data about the attrition from enrolment in care to ART 
eligibility of HIV-infected children are scarce, especially outside sub-Saharan Africa.  

Methods This is a retrospective study about the attrition before ART eligibility of 282 children 
ineligible for ART at enrolment in care in a cohort study in India. Multivariate analysis was performed 
using competing risk regression. 

Results During 5695 child-months of follow-up, three children died, 36 were LTFU and 144 became 
ART eligible. The cumulative incidence of attrition (mortality and LTFU) was 15.6% (95% confidence 
interval [CI], 11.3-20.5) at five years, and the attrition rate was higher during the first year after 
enrolment in care. The cumulative incidence of LTFU and mortality was 14.4% (95% CI, 10.2-19.2) and 
1.2% (95% CI, 0.3-3.3) at five years, respectively. Children with a 12-month AIDS risk <3% had a higher 
risk of LTFU (subdistribution hazard ratio [SHR] 10.77, 95% CI 1.93-60.07) than those with a risk >4%. 
Those children whose father had died had a lower risk of LTFU (SHR 0.26, 95% CI 0.09-0.75) than 
those whose parents were alive and were living in a rented house. Children aged 10-14 had a lower risk of 
LTFU (SHR 0.12, 95% CI 0.03-0.55) than those aged 5-9 years.  

Conclusion In our setting, a substantial proportion of children ineligible for ART are lost to follow-
up before ART eligibility, especially those with younger age, less severe immunosuppression or living 
with parents in poor socio-economic conditions. These findings can be used by HIV programmes to 
design interventions aimed at reducing the attrition of pre-ART care of HIV-infected children in India.  
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Introduction 1 
By the end of 2011, 99% of the 3.3 million 

HIV-infected children worldwide were living in 
low- or middle-income countries.1 The mortality 
of children infected with HIV is high,2,3 especially 
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during the first two years of life, but antiretroviral 
therapy (ART) reduces the hazard of mortality by 
75%.4 However, only 28% of children who need 
ART are receiving it.1 

Children diagnosed with HIV need to follow 
several stages prior to initiation of ART.5 After 
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the HIV diagnosis is established, they need to 
engage in HIV medical care.6 Once they enter 
into care, children are assessed by clinical and 
immunological criteria to determine whether 
they are eligible for ART.7 Children who are 
ART ineligible are followed up until ART 
eligibility. Studies performed in adults have 
shown that ART ineligible patients have poor 
retention in care and approximately 50% are lost 
to follow-up (LTFU).8-10 However, data about the 
attrition in HIV-infected children ineligible for 
ART are scarce.11 

With 145,000 children living with HIV, 
India has the highest burden of pediatric HIV in 
Asia.12 Of the 112,385 children registered in 
ART centers by December 2012, only 34,367 
(30.6%) had started ART.12 The objective of this 
study is to describe the proportion of ART 
ineligible children who were LTFU before 
becoming eligible for ART in a cohort study in 
India. In particular, we aimed to find predictors 
of loss to follow-up, which could help HIV 
programmes design interventions aimed at 
reducing the attrition of HIV-infected children in 
India.  
 

Methods 
Setting and design 
The study was performed in Anantapur, a 

rural district in South India. This is a 
retrospective analysis from the Vicente Ferrer 
HIV Cohort Study (VFHCS). The characteristics 
of the cohort have been described in detail 
elsewhere.6,13,14  

For this study, we selected patients who were 
<15 years at the time of HIV diagnosis, diagnosed 
with HIV between January 1st 2007 and 
December 31st 2012, and who were not eligible 
for ART at the first assessment after enrolment in 
the Rural Development Trust (RDT) Bathalapalli 
Hospital. The selection of patients from the 
database was executed on July 15th 2013. ART 
eligibility was defined by clinical criteria (clinical 
stage 3 or 4 of the World Health Organization 
[WHO]) or by immunological criteria (CD4 
count <1500 cells/µL or <25% in children aged 
<12 months; CD4 count <750 cells/µL or <20% 
in children aged 12-35 months; CD4 count <350 
cells/µL or <15% in children aged 36-59 months; 

and CD4 count <350 cells/µL in children aged 
>59 months) according to the Indian National 
Guidelines.7 CD4 cell count determinations were 
performed every six months. Scheduled visits 
were performed at least every six months, but 
children could attend the clinics whenever it was 
needed.  

In HIV-infected children <5 years, the CD4 
lymphocyte percentage has generally been 
preferred for monitoring the immune status 
because of the variability of the CD4 cell count 
during the first years of life.15 However, a study of 
the HIV Paediatric Prognostic Markers 
Collaborative Study (HPPMCS) demonstrated 
that the CD4 percentage provides little or no 
additional prognostic value compared with the 
CD4 cell count in children.16 Therefore, for this 
study the immune status of children was 
calculated using the 12-month risk of AIDS used 
by the HPPMCS, which uses the CD4 cell count 
and the age of children to calculate the level of 
immunodeficiency.17 A high 12-month risk of 
AIDS indicates a low CD4 cell count for the age 
and the other way around. Because of the small 
number of older children included in the 
HPPMCS, children >12 years were censored at 
12 years to calculate the 12-month AIDS risk.18  

 
Definitions 
The community of children was divided into 

four groups according to the positive 
discrimination schemes operated by the 
Government of India. People belonging to 
scheduled tribes (ST) are generally geographically 
isolated and have limited economic and social 
contact with the rest of the population. In the 
traditional Hindu caste hierarchy, the scheduled 
caste (SC) community was marginalized and 
suffered social and economic exclusion, and 
backward castes (BC) formed a collection of 
“intermediate” castes considered low in the 
traditional caste hierarchy, but above scheduled 
castes.19 Children who did not belong to any of 
these disadvantaged communities were included 
in the other castes (OC) group. Living near a 
town was defined as living in a mandal 
(administrative subdivision of districts) 
containing a town with a population >100,000 
people.6 For those children whose parents were 
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both alive, the parents were asked whether they 
lived in a rented house or in an owned house, as 
a marker of the economic conditions of the 
caregivers. 

 

Statistical analysis and ethics statement 
Statistical analysis was performed using Stata 

Statistical Software (Stata Corporation, Release 
11, College Station, Texas, USA). To investigate 
predictors of loss to follow-up, time-to-event 
methods were used. Enrolment in care was 
defined as the date of the first CD4 cell count 
determination. Follow-up was defined as the time 
from the date of enrolment in care to ART 
eligibility or death, whichever occurred first.5 
Children who did not die and did not become 
eligible for ART were censored at the last visit 
date. Children who did not come to the clinics 
for at least 180 days after their last visit date were 
considered LTFU.20 To avoid an overestimation 
of attrition, multivariate analysis and estimation 
of the cumulative incidence of LTFU were 
performed using competing risk proportional 
hazard models with ART eligibility as a 
competing event.6,21 The study was approved by 
the Ethical Committee of the RDT Institutional 
Review Board. 
 

Results 
We identified 282 children from the VFHCS 

who were diagnosed with HIV from 2007 to 
2012 and were not eligible for ART at the first 
assessment. The study included 5695.3 child-
months and, during the study period, 144 
became ART eligible, three children died and 36 
were LTFU. Among children LTFU, the median 
time of follow-up was 4.1 months (interquartile 
range [IQR], 0.8-17.8; range 0-47.4) and the 
median time from enrolment in care to ART 
eligibility was 6.6 months (IQR, 3.2-14.9). Three 
children died after 6.5, 6.6 and 31.6 months 
from the enrolment in care. 

Baseline characteristics at enrolment in care 
and the multivariate analysis of factors associated 
with LTFU are described in Table 1. The median 
age was 66 months (IQR, 42.7-95.9), over half 
were female, over half belonged to BC 
communities, 63% were living far from a town 
and 28% lived within 30 minutes from the 
clinics. Nearly half of the children had lost one or 

both of their parents, and the majority of those 
whose parents were alive were living in a rented 
house. Calculated using the age and the CD4 
lymphocyte count at enrolment in care, the 
median estimated 12-month risk of AIDS was 
3.3% (IQR 3-4, range 2.6-21.5). Children with a 
12-month risk of AIDS <3% had a higher risk of 
LTFU (adjusted subdistribution hazard ratio 
[SHR] 10.77, 95% confidence interval [CI] 1.93-
60.07) than those with a 12-month risk of AIDS 
>4%. Those children whose father had died had 
a lower risk of LTFU (SHR 0.26, 95% CI 0.09-
0.75) than those whose parents were alive and 
were living in a rented house. Children aged 10-
14 had a lower risk of LTFU (SHR 0.12, 95% CI 
0.03-0.55) than those aged 5-9 years. 

A stacked graph of the status of HIV-infected 
children since enrolment in care is presented in 
Figure 1.  

 

 
Figure 1. Stacked graph describing the cumulative 

incidence of antiretroviral therapy (ART) eligibility 
and loss to follow-up (LTFU) in 282 ART ineligible 

children in Anantapur, India. 
 

The cumulative incidence of children who 
became eligible for ART was 22.9% (95% CI, 
18.2-28) at 6 months, 35.7% (95% CI, 30.1-41.4) 
at 1 year, 45.4% (95% CI, 39.9-51.3) at 2 years, 
50.3% (95% CI, 44-56.2) at 3 years, 52.9% (95% 
CI, 46.3-59) at 4 years, and 57.7% (95% CI, 50.2-
64.5) at 5 years. The cumulative incidence of 
attrition before ART eligibility was 7.1% (95% 
CI, 4.5-10.5) at 6 months, 9.7% (95% CI, 6.6-
13.5) at 1 year, 12.6% (95% CI, 9-16.9) at 2 
years, 14.1% (95% CI, 10.2-18.6) at 3 years, and 
15.6% (95% CI, 11.3-20.5) at 4 and 5 years. At 
five years, the cumulative incidence of LTFU and 
mortality was 14.4% (95% CI, 10.2-19.2) and 
1.2% (95% CI, 0.3-3.3), respectively. 
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Table 1. Baseline characteristics, univariate and multivariate analysis of factors associated with loss to 
follow-up before becoming eligible for antiretroviral therapy of 282 children in Anantapur, India. 

 N (%) SHR (95% CI) aSHR (95% CI) 

Age (years)    

0-1 27 (9.57) 0.23 (0.03-1.72) 0.54 (0.04-7.97) 

2-4 102 (36.17) 0.80 (0.39-1.63) 1.66 (0.46-6.06) 

5-9 117 (41.49)  1 (Reference)  1 (Reference) 

10-14 36 (12.77) 0.50 (0.15-1.67) 0.12* (0.03-0.55) 

Gender      

Female 148 (52.48) 1.01 (0.52-1.94) 1.15 (0.56-2.39) 

Male 134 (47.52)  1 (Reference)  1 (Reference) 

Community      

OC 58 (20.57) 1.16 (0.48-2.82) 0.96 (0.35-2.65) 

BC 145 (51.42)  1 (Reference)  1 (Reference) 

SC 63 (22.34) 1.69 (0.75-3.81) 1.31 (0.50-3.43) 

ST 16 (5.67) 2.37 (0.85-6.56) 2.36 (0.77-7.18) 

Living near a town     

No 178 (63.12)  1 (Reference)  1 (Reference) 

Yes 104 (36.88) 0.94 (0.48-1.84) 0.89 (0.40-1.98) 

Time to the clinics      

≤30 min 79 (28.01)  1 (Reference)  1 (Reference) 

>30 min 203 (71.99) 2.00 (0.82-4.85) 2.09 (0.73-5.96) 

Year of enrolment      

2007 44 (15.6)  1 (Reference)  1 (Reference) 

2008 57 (20.21) 0.78 (0.20-3.06) 0.58 (0.14-2.44) 

2009 63 (22.34) 1.64 (0.52-5.18) 1.30 (0.36-4.69) 

2010 55 (19.5) 2.03 (0.65-6.28) 2.05 (0.62-6.76) 

2011 32 (11.35) 2.05 (0.58-7.31) 2.02 (0.51-8.00) 

2012 31 (10.99) 3.07 (0.84-11.16) 3.48 (0.97-12.51) 

Status of parents      
Alive, rented house 81 (28.72)  1 (Reference)  1 (Reference) 

Alive, owned house 68 (24.11) 0.84 (0.35-1.99) 0.64 (0.24-1.69) 

Father died 71 (25.18) 0.56 (0.22-1.39) 0.26* (0.09-0.75) 

Mother died 32 (11.35) 0.74 (0.25-2.26) 0.51 (0.15-1.79) 

Both died 30 (10.64) 0.59 (0.18-1.96) 0.47 (0.14-1.57) 

12-month AIDS risk      
<3% 67 (23.76) 3.02* (1.09-8.39) 10.77* (1.93-60.07) 

3-3.4% 117 (41.49) 1.59 (0.56-4.50) 1.34 (0.33-5.48) 

3.5-3.9% 27 (9.57) 2.36 (0.60-9.20) 1.65 (0.33-8.28) 

≥4% 71 (25.18)  1 (Reference)  1 (Reference) 

*p-value <0.05. 
ART antiretroviral therapy; aSHR adjusted sub-distribution hazard ratio; BC backward castes; CI confidence interval; 
N number; OC other castes; SHR sub-distribution hazard ratio; SC scheduled castes; ST scheduled tribes. 
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Discussion 
The results of this study show that 

approximately 15% of ART ineligible children 
are LTFU before becoming eligible for ART. This 
proportion is substantially smaller than that of 
adults LTFU before ART eligibility in sub-
Saharan Africa, which was 57.3% (95% CI, 34.3-
80.2) in a meta-analysis study,8 or in a previous 
study from our cohort, which was 50% (95% CI, 
47.7-53.2).9 We observed that the attrition rate 
was higher soon after enrollment in HIV medical 
care, indicating that interventions to reduce pre-
ART attrition in children should place more 
emphasis during the first months after the 
enrolment in care.  

To our knowledge, this is one of the first 
studies to describe risk factors of LTFU among 
ART ineligible children from a resource-limited 
setting. Children with higher CD4 cell counts 
were more likely to be LTFU. Possibly these 
children had fewer HIV-related symptoms than 
those with more advanced immunodeficiency,22 
so caregivers might have been more reluctant to 
come to the clinics if they felt the child was 
healthy. Interestingly, adults with higher CD4 
cell counts were more likely to be LTFU from 
pre-ART care in two South-African studies,23,24 
but this was not observed in adults from our 
cohort.9 

Children whose parents were alive and living 
in a rented house were more likely to be LTFU, 
suggesting that children born in families with low 
economic conditions were more likely to have 
poorer retention in pre-ART care. In sub-Saharan 
Africa, some of the reasons that mothers 
mentioned for not taking their children to the 
clinics were transport costs, availability of food, 
time constraints due to work commitment, and 
lack of support from the male partner.25 In our 
setting, many families live in poor economic 
conditions,14 and in these families the health of 
an HIV-infected child may not be the first 
priority.26 Compared with older children, those 
aged 5-9 years had a higher risk of LTFU, 
indicating that caregivers looking after children 
within this range of age will need extra support. 
Children whose father had died were more likely 
to remain in pre-ART care, but the site offers 
nutritional support to widows. Therefore, this 

finding may not be generalized to other sites, but 
it suggests that the provision of nutritional 
support could be an effective measure to improve 
the retention in pre-ART care of children living 
in families with poor economic conditions.27 

The study has some limitations. Children 
LTFU might not be lost forever, as they may 
reengage in the future or enroll in other HIV 
centers. However, studies performed in adults 
have shown high mortality in patients LTFU, and 
that patients with poor retention in pre-ART care 
who come back to the clinics have lower CD4 cell 
counts than patients retained in care.9,28 Probably 
because of the small sample size, the 95% 
confidence interval of the SHR for the 12-
months AIDS risk was very wide, indicating that 
this estimate had low precision. New studies with 
larger number of children are needed to confirm 
this finding. 
 

Conclusion 
In our setting, 15% of children are LTFU 

before becoming ART eligible. Children with 
better immunological status, aged 5-9 years 
(compared with those aged >10 years), or living in 
families with poor economic conditions were at a 
higher risk of loss to follow-up. The attrition rate 
was higher during the first year of follow-up. 
These findings can be used by HIV programmes 
in India to design interventions aimed at 
reducing the attrition of HIV-infected children 
before the initiation of ART. 
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