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ABSTRACT

Objectives To understand the survival in a cohort of
children living with HIV/AIDS (CLHAs) and to study the
factors associated with survival in CLHAs in government
antiretroviral therapy (ART) centres in Mumbai, India.
Design This is a retrospective cohort analysis.

Setting Data from electronic ART records of children from
15 ART centres in Mumbai, Maharashtra, India.
Participants 2224 CLHAs registered in one of these ART
centres from 2004 until October 2019. CLHAs up to the age

of 18 at the time of registration were considered for these
analyses.

Primary and secondary outcomes We accessed the
following data: date of test, date of initiation of ART, date
of last follow-up, age at the time of registration, gender,
potential route of infection, baseline CD4 counts, ART
regimen, adherence and presence of co-infection (TB). We
estimated the survival probabilities, plotted the Kaplan-
Meier survival graphs and estimated HRs for mortality.
Results The mortality rate in our population was 22.75
(95% Cl 20.02 to 25.85) per 1000 person-years. The
1-year survival was 0.92 (95% Cl 0.91 t0 0.93), 0.89
(95% CI 0.88 to 0.91) at 5 years and 0.85 (95% Cl 0.83

t0 0.87) at 10 years after initiation of ART. Children with
adherence less than 80% had lowest survival in the first
year (0.54, 95% Cl 0.46 to 0.61). It reduced drastically at 5
and 10 years. After adjusting for demographic and clinical
parameters, mortality was associated with poor adherence
(<80%) (HR 11.70, 95% CI 8.82 to 15.53; p<0.001).
However, CD4 counts of greater than 200 and age more
than 1 year were protective.

Conclusions Poor adherence to ART and low CD4 counts
were significantly associated with higher mortality.
Adherence counselling should be an important component
of CLHA monitoring in all ART centres. It is also important
to identify children early in the infection and start ART
medications appropriately.

INTRODUCTION

According to recent data, India has about 2.1
million people living with HIV/AIDS; about
61 000 are children living with HIV/AIDS
(CLHAs)." 1t is estimated that about 7% of
total new HIV infections in India are in chil-
dren. Prevention of parentto-child transmis-
sion (PPTCT) programme was introduced in
2002 to reduce perinatal transmission in chil-
dren; even though the proportion of cases has
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Strengths and limitations of this study

» We have analysed data from a large cohort of 2224
children living with HIV/AIDS.

» We used demographic, clinical and treatment
data from electronic records in the administrative
database.

» We did not have information on multiple CD4 counts
and other opportunistic infections in these children.

» We did not have anthropometric measures for these
children in the first year of birth.

» We only had clinical information on tuberculosis (co-
infection) in these children.

reduced over the past two decades, perinatal
transmission is still the most important route of
transmission of HIV in children in India.*® India
initiated free antiretroviral therapy (ART) for
adults in government centres in 2004; however,
treatment for children living with HIV/AIDS
(CLHASs) was started under the National Paedi-
atric HIV/AIDS initative in 2006.> Under this
initiative, paediatric formulations of ART, first-
line ART, second-line ART, CD4 testing services,
early infant diagnosis, counselling, and care
and support services are available at govern-
ment ART centres.® Furthermore, seven Pedi-
atric Centres of Excellence for management of
complicated cases have also been established.”
It has been shown that early diagnosis and
initiation of treatment reduces the progression
of the disease and mortality in CLHAs.* Even
though the PPTCT programme was initiated
before treatment for the paediatric population
in India, it was observed that nearly half of the
children who are perinatally infected present
late to the ART centres.” Some of the other
factors that are associated with survival outcomes
in children on ART are age and gender of the
child, type of setting (such as resource rich
or resource limited), nutritional status of the
child and presence of AIDS-defining illness.””
Another important factor that needs to be
considered is adherence to medications. Adher-
ence in children may depend on the type of
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regimen, demographic and clinical characteristics of chil-
dren, and even the knowledge about ART and characteristics
of their caregivers.'"’ "

Ithas been more 10 years since the initiation of free ART
to CLHAs in government ART centres in India. Thus, it
will be important to understand the survival in these chil-
dren over this period of one and half decade. Though few
Indian studies'>* have studied the outcomes in CLHAs,
the sample has been small and restricted to a single
centre. We propose to estimate the survival in a cohort
of CLHAs and to study the factors associated with survival
in CLHAs in government ART centres in Mumbai, India.

METHODS
This is a retrospective cohort analysis of 2224 children who
were registered with the government ART centres in Mumbai.

Data source and variables

We accessed data from the ART records of these children
from 15 ART centres in Mumbai, Maharashtra, India.
These records were accessed from an electronic admin-
istrative database. These children were registered in one
of these 15 ART centres from 2004 onward until October
2019. CLHAs who were up to 18 years of age at the time
of registration were included for the present analysis. We
used the following variables from these records: age at the
time of registration, gender, potential route of infection,
baseline CD4 counts, ART regimen, adherence (assessed
as pill count) and presence of co-infection (TB). We
also recorded date of test, date of initiation of ART, and
the date of last follow-up. The following outcomes were
recorded: alive, dead or lost to follow-up.

The main time factor for our analysis was time since
initiation of ART to the occurrence of the aforemen-
tioned outcomes. It was the date of death in children who
had died during follow-up. It was the last date of visit to
the ART centre in children who were classified as lost-to-
follow up. In the rest of the children (who were alive),
we considered their visit up to October 2019 as the last
visit. The other time variable included in the analysis was
time from HIV test to initiation of the ART. The age at
registration was categorised in the following groups: 0-1
years, >1 to 5 years, >5—12 years and >12-18 years. The
adherence was classified as follows: Good >95%, Average
80%-95% and Poor<80%. The adherence of every child
is assessed by a trained counsellor when the child visits
the ART centre for regular check-ups and taking medica-
tions. This includes discussion with the care-taker as well
as the examining the residual drugs. The staging of the
HIV infection was according to the WHO staging.

Statistical methods
We estimated the means and SD, and median and inter-
quartile (IQR) range for continuous variables. We esti-
mated proportions for categorical variables.

The data were set for survival analysis. The outcome
for survival analysis was death and the time factor for

the analysis was the time from initiation of ART to the
date of the event as described previously. We estimated
the mortality rates and their 95% CI in these CLHAs.
The mortality rates were estimated for the whole cohort
and according to various demographic and clinical
characteristics.

We used Kaplan-Meier curves to examine the survival
in these children. The survival curves were plotted for
various demographic and clinical characteristics. The
equality of the survivor functions was assessed using the
log-rank test. We estimated the survival and it 95% CI at
years 1, 5 and 10 after initiation of the ART according to
the demographic and clinical criteria. We also estimated
the incidence rate ratios according to clinical and demo-
graphic characteristics. We then built models to estimate
the HRs for mortality in these children. We started by
using the Cox proportional-hazards model. We tested the
proportional-hazards assumption. Since the proportional-
hazards assumption was not met in our cohort, we used
the Weibull model. The model was chosen based on the
distribution and fit of residuals, and the Akaike Informa-
tion Criteria."” We built unifactorial models and multifac-
torial models. The following variables were used in the
models: age, gender, baseline CD4 counts, adherence,
diagnosis of a TB infection, type of ART regimen, and
time between the test and start of ART. In our dataset, we
had missing values for ‘baseline CD4 counts’. Only eight
missing values were detected in the whole dataset (0.36%).
A p value 0f<0.05 was considered statistically significant.
Data were analysed using Stata V.15.1 (StataCorp, College
Station, Texas, USA).

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

The mean (SD) age at registration of these 2224 CLHAs
was 9.68 (5.58) years. The proportion of males and
females in the cohort was 54% and 46%, respectively.
About 11% (224) children had died in our cohort and
about 8% were categorised as lost to follow-up. Majority
of the children were perinatal transmission (82%), 7%
were sexual transmission, 2% were infected blood /unsafe
injections and in 9% of the children the route of trans-
mission could not be identified. In our cohort, the route
of transmission as infected blood/unsafe injections in
only two children who were in the first year of life. The
median (IQR) duration of follow-up after ART was 4.01
(1.62-7.32) years. The median time from diagnosis of
HIV to initiation of ART was 0.62 (0.08-4.17) years. The
baseline CD4 count was >500,/mm?” in majority of CLHAs
(52%); it was less than 200 in 18% of CLHAs. As indicated
earlier, only eight CLHAs have missing values for baseline
CD4 counts (0.36%). The CLHAs were registered in the
ART clinic from 2004 onward. Although the proportion
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Table 1 Mortality rates and incidence rates ratios in 2224 children living with HIV/AIDS, Mumbai, India
Mortality rates (MR) Incidence rate ratios
/1000 PY 95% CI for MR Estimate (95% CI) P value

Total 22.75 20.02 to 25.85
Age groups

0-1 32.13 20.73 10 49.79 Reference

>1-5 14.42 10.44 t0 19.90 0.45 (0.26 t0 0.77) 0.004

>5-12 35.27 29.49 10 42.18 1.10 (0.68 to 1.76) 0.70

>12-18 15.60 12.09 to 20.14 0.49 (0.29 to 0.81) 0.005
Gender

Male 22.43 18.84 t0 26.69 Reference

Female 23.15 19.18 t0 27.92 1.03 (0.80 to 1.33) 0.81
Adherence

Good >95% 13.16 11.06 to 15.66 Reference

Average 80%-95%  15.49 6.96 to 34.48 1.18 (0.52 to0 2.67) 0.70

Poor<80% 307.83 253.77 to 373.41 23.4 (18.0 to 30.3) <0.001
Baseline CD4 counts

0-200 58.58 48.25to0 71.12 Reference

201-350 26.65 20.14 to0 35.27 0.45 (0.32 to 0.64) <0.001

351-500 11.94 7.52 to 18.95 0.20 (0.12 to 0.34) <0.001

>500 11.96 9.34 t0 15.30 0.20 (0.15 t0 0.28) <0.001
B

No 24.33 21.10 to 28.06 Reference

Yes 18.05 13.56 to 24.03 0.74 (0.54 to 1.02) 0.067

PY, person-years.

of CLHAs registered was low in the initial 3 years (<3%),
after 2007 the proportion was 6% to 8% every year. The
proportion of CLHAs was highest in 2018 (13%). The
total follow-up time of the whole cohort after initiation of
ART was 10 372 years.

The mortality rate in our population was 22.75 (95%
CI 20.02 to 25.85) per 1000 person-years (PY). The
mortality was relatively high in CHLAs up to 1 year of age
(32.13, 95% CI 20.73 to 49.79) and those aged 5 to 12
years (35.27, 95% CI 29.49 to 42.18). The mortality was
highest in those who had poor adherence (307.83, 95%
CI 253.77 to 373.41) (table 1). Additional details of the
mortality rates and incidence rate ratios have been shown
in table 1. The l-year survival was 0.92 (95% CI 0.91 to
0.93); it reduced to 0.89 (95% CI 0.88 to 0.91) at 5 years
and 0.85 (95% CI 0.83 to 0.87) at 10 years after initia-
tion of ART. In children up to 1 year of age, the survival
dropped in the first year of initiation of ART; however, it
remained nearly same until 10 years. The lowest survival
in the first year was in children with poor adherence
(0.54, 95% CI 0.46 to 0.61) and it reduced sharply at 5
and 10 years (table 2). We have presented the survival esti-
mates in table 2.

The survival graphs are shown in figures 1-5. As seen
in figure 3, the survival started reducing in the first year
and continued over the follow-up period in CLHAs with

poor adherence; there was a significant difference in the
survivor function across these three categories of adher-
ence (p<0.001). The survival was low for CLHAs with
baseline CD4 count of <200/mm?; it was slightly better
in those with a baseline CD4 count of 201—35O/mm3.
However, there did not appear to be any difference in
survival of CLHAs with CD4 count of 351-500/ mm?® or
>500/ mm® (figure 4). There was no significant differ-
ence in the survivor function of CLHAs with and without
tuberculosis (p=0.16) (figure 5).

After adjusting for demographic and clinical parame-
ters, we found that hazard for mortality was highest for
CLHAs with poor adherence (<80%) (HR 11.70, 95% CI
8.82 to 15.53; p<0.001) compared with those who had an
adherence of >95%. The HR reduced with an increase
in the baseline CD4 counts (table 3). Similarly, the HR
for mortality was lower in children older than 1 year of
age compared with those who registered with the ART
centre in the first year of life. We also found that CLHAs
with TB had lower hazard for mortality compared
with those without TB (HR 0.66, 95% CI 0.48 to 0.92;
p<0.015). The time to initiation to ART after detection
and gender of the CLHA was not significantly associated
with mortality. We have provided the HRs and their 95%
Cls in table 3.
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Table 2 Survival probabilities and their 95% Cls in 2224 children, Mumbai, India

1 year 5 years 10 years
Probability (95% Cls) Probability (95% Cls) Probability (95% Cls)

Total 0.92 (0.91 to 0.93) 0.89 (0.88 to 0.91) 0.85 (0.83 to 0.87)
Age groups

0-1 0.85 (0.78 to 0.90) 0.84 (0.76 to 0.89) 0.84 (0.76 to 0.89)

>1-5 0.95 (0.93 to 0.97) 0.93 (0.90 to 0.95) 0.89 (0.85 to 0.93)

>5-12 0.89 (0.87 to 0.91) 0.84 (0.81 to 0.87) 0.78 (0.73 to 0.82)

>12-18 0.94 (0.92 to 0.96) 0.92 (0.90 to 0.94) 0.90 (0.87 to 0.93)
Gender

Male 0.92 (0.90 to 0.93) 0.89 (0.87 to 0.91) 0.86 (0.83 to 0.88)

Female 0.93 (0.91 to 0.94) 0.89 (0.87 to 0.91) 0.85 (0.81 to 0.88)
Adherence

Good >95% 0.96 (0.95 to 0.96) 0.94 (0.92 to 0.95) 0.91 (0.88 to 0.92)

Average 80%-95% 0.97 (0.90 to 0.99) 0.92 (0.82 to 0.97) 0.88 (0.71 to 0.95)

Poor 0.54 (0.46 to 0.61) 0.38 (0.29 to 0.47) 0.22 (0.12 to 0.34)
Baseline CD4 counts

0-200 0.80 (075 to 0.83) 0.73 (0.68 to 0.77) 0.70 (0.64 to 0.75)

201-350 0.91 (0.87 t0 0.93) 0.88 (0.84 to 0.91) 0.79 (0.72 t0 0.85)

351-500 0.96 (0.92 to 0.97) 0.94 (0.91 to 0.97) 0.91 (0.85 to 0.95)

>500 0.96 (0.95 to 0.97) 0.95 (0.93 to 0.96) 0.92 (0.89 to 0.94)
B

No 0.91 (0.90 to 0.93) 0.89 (0.87 to 0.90) 0.86 (0.83 to 0.88)

Yes 0.95 (0.93 to 0.97) 0.91 (0.88 to 0.94) 0.85 (0.79 to 0.89)

DISCUSSION TB had a relatively better survival compared with those

Thus, in the present study, we found that the overall
mortality in CLHAs in Mumbai was 22.75/1000 PY.
Mortality rates were higher in CLHAs with an adherence
of less than 95% (particularly in those with an adherence
of less than 80%), those with a CD4 count of less than
QOO/mmg at baseline, and in neonates and infants (up to
1 year of age) and those in the age group of 5 to 12 years.
Interestingly, we found that CLHAs without a diagnosis of

Kaplan-Meier survival estimates
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children with a diagnosis of TB.

Adherence to ART in CLHAs was one of the most
important factors associated with mortality. Adherence
in younger CLHAs will depend on the child and also on
the caregiver. Some of the common barriers reported by
children are taste and formulation of the medicine, diffi-
culty in sticking to regular time due to school and other
activities, type of regimen and toxicity of the medications,
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Figure 2 Survival curves according to gender.
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and stigma associated with HIV.'*' Furthermore, care-
giver characteristics such as financial issues, psychological
stress, poor understanding of the role of ART in manage-
ment of HIV, existing support systems in the family and
health system issues (delays in receiving ART, long waiting
periods at ART centres) may be additional barriers for
adherence.'” '® 2 2! It was also reported that concerns
related to disclosure and multiple caregivers (as may be
the case in many children) was also an important barrier."?
Improve adherence was observed after disclosure, and in
whom the parent—child relationship or social support
systems were strong.”” * Thus, it is important to develop
adherence counselling interventions for CLHAs in India.
Unlike in adults, in whom the primary responsibility of
care is with the individual, in children and adolescents
the adherence counselling should be for children (who
are able to comprehend) as well as their care providers
(parents and/or grandparents). Indeed, a review of
adherence counselling interventions identified these
models of interventions: fewer clinic visits by providing
ART for more than a month in stable patients; group-
based care in the form of support groups; home-based

Kaplan-Meier survival estimates
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care that involved visits by healthcare workers and adher-
ence support.”* The first two are useful for CLHAs who
are ART experienced and virally suppressed whereas the
third one will be for ARTnaive children.”* Thus, such
interventions should be a part of the National Programme
in India. The present manuscript will provide evidence
for advocacy of special adherence programmes for chil-
dren and adolescents in India.

In general, it has been reported that low CD4 counts
at baseline in CLHAs is associated with an increased
mortality.” ** As seen in our study, children who had
CD4 counts of less than 200 at baseline had the highest
mortality. Delay in presentation to the ART centre is a
common hindrance to starting ART on time, even in chil-
dren that are perinatally infected.” With the introduction
of ‘testand treat’, itis important that we diagnose children
and adolescents early in the infection-both in perinatally
infected children and in whom the route of transmission
is other than the perinatal route. We did not have anthro-
pometric measures for these children in the first year of
birth; however, we did find that the mortality is higher in
the first year in CLHAs. Malnutrition and infections in
infants may be associated with mortality27 %, thus, along
with ART, it is important to monitor children regularly
to identify early signs of undernutrition. Management
of undernutrition and counselling about appropriate
feeding practices are important interventions to reduce
mortality in CLHAs.”” Another interesting feature that we
found in our study was that children who were diagnosed
with TB had lower mortality compared with those who
did not. It is likely that some cases of TB were missed in
the population; it has been reported that diagnosis of TB
may be difficult in children.”” Microbiological diagnosis
may be difficult due to difficulty in sample collection
(sputum) in children; even in those in whom we have
been able to collect the sample, the sensitivity of culture is
poor due to the paucibacillary nature of the infection.” **
In HIV-infected children, the diagnosis may become more
difficult because of clinical and radiological features that
are not very specific in the diagnosis of TB.” Some of
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Table 3 Unadjusted and adjusted estimates of HRs and their 95% Cls in 2224 children in Mumbai, India

HR (95% Cls)

HR (95% Cls)

Variables Unadjusted estimates P value Adjusted estimates P value
Age

0-1 Reference Reference

>1-5 0.45 (0.26 to 0.78) 0.005 0.42 (0.24 to 0.74) 0.003

>5-12 1.05 (0.65 to 1.68) 0.852 0.52 (0.30 to 0.89) 0.017

>12-18 0.47 (0.29 to 0.79) 0.004 0.28 (0.15 to 0.50) <0.001
Gender

Male Reference Reference

Female 1.02 (0.79 to 1.31) 0.905 0.98 (0.75 to 1.27) 0.857
Baseline CD4 counts

0-200 Reference Reference

201-350 0.48 (0.34 to 0.68) <0.001 0.55 (0.39 to 0.77) 0.001

351-500 0.21 (0.13 t0 0.34) <0.001 0.24 (0.15t0 0.41) <0.001

>500 0.19 (0.14 to 0.27) <0.001 0.21 (0.14 to 0.30) <0.001
Adherence

Good >95% Reference Reference

Average 80%-95% 1.09 (0.48 to 2.47) 0.837 1.12 (0.49 to 2.54) 0.792

Poor 15.97 (12.26 to 20.81) <0.001 11.70 (8.82 to 15.53) <0.001
B

No Reference Reference

Yes 0.79 (0.57 to 1.08) 0.139 0.66 (0.48 to 0.92) 0.015
Regimen

First-line ART Reference Reference

Second-line ART 0.41 (0.26 to 0.67) <0.001 0.44 (0.27 t0 0.72) 0.001

Third-line ART 0.56 (0.14 to 2.27) 0.419 0.77 (0.19 to 3.15) 0.718

Time between test 0.85 (0.81 to 0.91) <0.001 0.96 (0.91 to 1.02) 0.171

and start of ART

ART, antiretroviral therapy.

the new diagnostic tests such as nucleic acid amplification
tests have helped improve the diagnosis and shortened
the time to diagnosis of TB in children.” ***** Since diag-
nosis in children in now being done (2017 onward) using
the cartridge-based nucleic acid amplification tests, it will
be worthwhile to follow up the cohort and reanalyse the
data subsequently.

Since we used demographic and clinical data from
electronic records, we could only use the available data.
This was a limitation of the study. For instance, we did
not have information on multiple CD4 counts and other
opportunistic infections in these children. We have used
absolute CD4 values rather than proportion in younger
children; however, the cut-off for the absolute CD4
count was low (200 cells/cumm). Since we did not have
information on other opportunistic infections, we did
not include this variable in the model. Thus, the lower
mortality observed in the TB group may be attributed to
residual confounding due to non-inclusion of this vari-
able in the model. Data were from the government ART

centres; generally, people from middle, lower middle and
lower socioeconomic strata access these centres. Thus, it
is likely that some of the experiences may differ in private
centres, usually accessed by the upper middle and upper
class. Nonetheless, despite these limitations, the present
study provides useful information on the survival of
CLHAs in India.

We have analysed data from a large cohort of CLHAs.
We found that poor adherence to ART and low CD4
counts at baseline were significantly associated with
higher mortality in these CLHAs. It will be important to
develop adherence counselling modules specifically for
children and their caregivers. Furthermore, adherence
counselling should be an important component of CLHA
monitoring and should form a part in all ART centres.
As we noticed, CLHAs who had a lower CD4 count at
baseline had higher mortality. Thus, it is also important
to identify children early in the infection and start ART
medications appropriately. Finally, CLHAs in the first year
of life had high mortality. Thus, CLHAs should be closely
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monitored in the first year of life; policies about feeding,
malnutrition, immunisation, and secondary infections
should be emphasised in all ART centres.
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