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Background: Antiretroviral therapy program mortality maybe
underestimated if deceased patients are misclassified as lost.

Methods: We used two-stage inverse probability weighting to account
for probability of being: sampled for tracing and found by the tracer.

Results: Among 680 children and youth aged ,25 years on
antiretroviral therapy who were lost and traced in Southern Africa
between October 2017 and November 2019, estimated mortality
was high at 9.1% (62/680). After adjusting for measured covariates
and within-site clustering, mortality remained lower for young
adults aged 20–24 years compared with infants aged ,2 years
[adjusted hazard ratio: 0.40 (95% confidence interval: 0.31
to 0.51)].

Conclusions: Our study confirms high unreported mortality in
children and youth who are lost and the need for tracing to assess
vital status among those who are lost to accurately report on
program mortality.
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INTRODUCTION
Despite significant progress in pediatric HIV care and

treatment, outcomes of children, adolescents, and young
adults living with HIV (CAYHIV) aged ,25 years continue
to lag behind those in adults aged $25 years.1,2 CAYHIV
have substantial loss to follow-up (LTFU) and mortality,
especially in the first year after starting antiretroviral therapy
(ART). LTFU hampers accurate outcome estimation as
outcomes among those LTFU are unknown, which may bias
the reporting of program performance.

Most studies reporting program outcomes estimate
mortality at site-level from patient files, which are often
incomplete or inaccurate. The International epidemiology
Databases to Evaluate AIDS in Southern Africa collabora-
tion (IeDEA-SA) has previously found that site-reported
adult mortality can underestimate true mortality by up to
50%,3 with many undocumented deaths misclassified as
LTFU. It is unclear whether the level of undocumented
mortality among CAYHIV is similar, particularly given high
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rates of LTFU and the role of caregivers in retention of
CAYHIV.4 In a large analysis of African and Asian pediatric
programs, only 12/35 studies reported efforts to trace
children LTFU, and none reported on outcomes among
these children.5 We examined mortality from a large tracing
study among CAYHIV considered LTFU in Southern
Africa.6

METHODS

Setting and Sampling
We used data from a multicountry stratified sampling

tracing study of adults and children among 7 ART programs
in IeDEA-SA in rural and urban centers.6–8 For this analysis,
we included CAYHIV aged #24 years initiating ART
between 2004 and 2017 from 7 sites in 5 countries (Lesotho
[1], Malawi [2], Mozambique [1], Zambia [1], and Zim-
babwe [2]). The target sample number of adults and children
was 500 participants per clinic, with predefined strata of age
at last visit, sex, and time since ART initiation, but for
clinics with fewer patients LTFU, the entire group was
sampled (see Table S1, Supplemental Digital Content, http://
links.lww.com/QAI/B959).9 Tracing was conducted using
SMS, phone calls, and home visits between October 2017
and November 2019 (see Figure S1, Supplemental Digital
Content, http://links.lww.com/QAI/B958).6 We defined
children and youth as all children, adolescents, and young
adults aged 0–24 years. We defined immunosuppression as
per the WHO 2016 guidelines10 and defined ART as being
on at least 3 antiretroviral therapy drugs.

Outcomes
Our outcome of interest was all-cause mortality. We

defined LTFU as having no recorded visit for $60 days
(Malawi) and$ 90 days (all other sites) before start of tracing
in keeping with local guidelines, and not known as deceased
or transferred out. Death information was obtained through
interviewing close informants including relatives
or caregivers.

Analysis
We summarized data using proportions, medians,

interquartile ranges (IQRs), and rates.11 We used multivar-
iate logistic regression to assess the factors associated with
being found by the tracer. We applied weighted Weibull
models to examine predictors of all-cause mortality with
shared-frailty terms to account for the clustering within sites.
Weights consisted of two-stage inverse probability weights
to upweight those successfully traced accounting for the
sampling strategy and likelihood of being found by the
tracer to make results representative of all lost CAYHIV
(methods to construct weights are explained else-
where).9,12,13 We measured follow-up time from the last
clinic visit to (1) death date if informed to have died, or (2)
site-specific tracing date if found alive. We assumed all
missing immune-suppression data (variable constructed

from CD4 count/percent and age) were missing at random
(MAR) and multiply-imputed these data with a chained
equation approach.14 Results were combined using Ru-
bin’s15 rules. Analysis was performed in Stata version 17
(Stata Corporation, College Station, TX).

Ethics Statement
The tracing study received ethical approval from the

respective site/country institutional review boards (IRBs) for
tracing and to transfer anonymized data to IeDEA-SA, which
has approval from the University of Cape Town’s Human
Research Ethics Committee to receive and analyze these
anonymized data.

RESULTS

Patient Characteristics
Of 972 CAYHIV recorded as lost and sampled for

tracing, 121 (12.4%) were misclassified as lost, but were in
care at the facility, 171 (17.6%) had missing files and both
groups were therefore not included in the study. Among the
remaining 680 CAYHIV traced, 3 in 5 were female, median
age at last visit was 17.0 years (IQR: 5.4, 21.7), and nearly
half (317, 46.6%) had been on ART for at least 12 months
(Table 1). Health facilities were equally distributed between
urban (344, 50.6%) and rural (336, 49.4%) areas and most
were receiving ART at a health center (494, 67.3%) (see
Table S1, Supplemental Digital Content, http://links.lww.
com/QAI/B959).

Tracing Outcomes
Overall, 246 (36.2%) remained LTFU, had missing

contact details, or were not found in person (vital status was
confirmed through an informant), 111 (16.3%) were alive
and in care elsewhere (silent transfers), 141 (20.7%) had
officially/silently transferred to other clinics, 120 (17.7%)
were alive and out of care, and 62 (9.1%) had died (see
Table S1, Supplemental Digital Content, http://links.lww.
com/QAI/B959). Patient characteristics between those
traced and found and those who were not found were similar
except for CD4 count at last visit, duration on ART, and site
of ART initiation (Table 1). Three in 5 participants found
(confirmed vital status) and included in further analysis were
female, median age at last visit was 17.6 years (IQR: 6.3,
21.8), most started treatment in 2014–2015, and over half
had been on ART for at least 12 months. Longer duration on
ART and initiating ART after 2013 were associated with
higher odds of being successfully traced. The success of
tracing also differed by country of ART initiation (see
Figure S2, Supplemental Digital Content, http://links.lww.
com/QAI/B958).

Mortality Predictors
Overall, 462 participants had their vital status ascer-

tained through the tracing and included in the analysis for
mortality. Males had higher mortality than females

Nyakato et al J Acquir Immune Defic Syndr � Volume 91, Number 5, December 15, 2022

430 | www.jaids.com Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

http://links.lww.com/QAI/B959
http://links.lww.com/QAI/B959
http://links.lww.com/QAI/B958
http://links.lww.com/QAI/B959
http://links.lww.com/QAI/B959
http://links.lww.com/QAI/B959
http://links.lww.com/QAI/B959
http://links.lww.com/QAI/B958
http://links.lww.com/QAI/B958


[unadjusted rate: 13.3 (95% confidence interval (CI): 8.4 to
21.9) and 8.6 (95% CI: 4.4 to 19.3) per 100 py (Table 2).
Mortality was highest for those who started ART at 0–,2
year old [16.5 (95% CI: 8.0 to 34.1)] per 100 py and
declined with higher age groups [20–24 years: 3.2 (95% CI:
1.1 to 13.2) per 100 py]. Children and youth who were
immune suppressed at last visit also had higher mortality
rates compared with those who were not [21.8 (95% CI:
10.7 to 56.3) vs 8.9 (95% CI: 2.3 to 64.9)]. Mortality rates
were lowest for those $12 months on ART.

After adjusting for measured covariates and within-site
clustering, mortality remained lowest for young adults aged

20–24 years compared with infants aged ,2 years [adjusted
Hazard ratio: 0.4 (95% CI: 0.3 to 0.5)].

DISCUSSION
In our study, through tracing, the vital status of nearly

40% of all CAYHIV could not be ascertained because they
could not be traced, nearly 20% were alive and out of care,
21% had silently transferred to other clinics, and about a 10th
had died. The estimated mortality was high at 9.1% (62/680).
We also found that longer duration on ART and initiating
ART after 2013 were associated with higher odds of being
successfully traced. The success of tracing also differed by
country of ART initiation. Higher mortality rates were found

TABLE 1. Patient Characteristics at Antiretroviral Therapy Start
and Last Visit in Routine and Tracing Data

Variable

Traced
(N = 680)

Vital status not
confirmed
(Remained
LTFU)

(N = 218)

Vital status
confirmed

(Alive/Dead)
(N = 462)

P*n (%) n (%) n (%)

Sex 0.560

Male 273 (40.2) 91 (41.7) 182 (39.4)

Female 407 (59.9) 127 (58.3) 280 (60.6)

Age at last
visit, median
(IQR) yrs

17.00
(5.40,
21.66)

15.68 (4.44,
21.61)

17.58 (6.31,
21.80)

0.306

0–,2 72 (10.6) 24 (11.0) 48 (10.4)

2–,10 154 (22.7) 54 (24.8) 100 (21.7)

10–,20 203 (29.9) 62 (28.4) 141 (30.5)

$20 251 (36.9) 78 (35.8) 173 (37.5)

CD4 count at
last visit,
cells/mL

414
(253.5,
675)

464 (291, 610) 407.5 (233,
680)

0.516

0–199 54 (7.9) 11 (5.1) 43 (9.3)

200–349 60 (8.8) 13 (6.0) 47 (10.2)

350–499 63 (9.3) 16 (7.3) 47 (10.2)

$500 107 (15.7) 28 (12.8) 79 (17.1)

Missing 396 (58.2) 150 (68.8) 246 (53.3)

Year of ART
start

0.074

2004–2013 127 (18.7) 31 (14.2) 96 (20.7)

2014–2015 372 (54.7) 131 (60.1) 241 (52.2)

2016–2017 181 (26.6) 56 (25.7) 125 (27.1)

Duration on
ART at last
visit, mo

0.001

0–,6 263 (38.7) 114 (52.3) 141 (30.5)

6–,12 100 (14.7) 41 (18.8) 63 (13.6)

$12 317 (46.6) 63 (28.9) 258 (55.8) ,0.0001

Country

Lesotho 38 (5.2) 13 (6.0) 25 (5.4)

Malawi 265 (36.1) 84 (38.5) 181 (39.2)

Mozambique 131 (17.9) 22 (10.1) 109 (23.6)

Zambia 136 (18.5) 87 (5.5) 49 (10.6)

Zimbabwe 110 (15.0) 12 (5.5) 98 (21.2)

*P-value between those traced and found and those who were not found.

TABLE 2. Predictors of Mortality Among Children and Youth
Living With HIV Who Are Successfully Traced

Patient
Characteristics

No. of
Events

Crude rates
(per 100

person years)
(95% CI)

Crude
HR

(95% CI)

Adjusted
HR*

(95% CI)

Sex

Male 33 13.34 (8.42 to
21.90)

Ref Ref

Female 29 8.60 (4.40 to
19.28)

0.65 (0.25
to 1.69)

0.90 (0.62 to
1.30)

Age at last
visit, yrs

0–,2 17 16.52 (7.99 to
34.07)

Ref Ref

2–,10 20 7.35 (4.12 to
13.99)

0.89 (0.63
to 1.26)

0.84 (0.65 to
1.08)

10–,20 14 3.02 (0.88 to
14.22)

0.51 (0.13
to 2.05)

0.27 (0.09 to
1.04)

20–24 11 3.16 (1.05 to
13.16)

0.36 (0.30
to 0.44)

0.40 (0.31 to
0.51)

Immunosuppression
at last visit

No 4 8.88 (2.25 to
64.87)

Ref Ref

Yes 16 21.79 (10.68 to
56.25)

1.80 (0.68
to 4.74)

1.64 (0.66 to
4.05)

Duration on
ART, mo

0–,6 15 12.27 (6.50 to
25.67)

Ref Ref

6–,12 12 44.75 (16.72 to
185.43)

2.48 (1.03
to 5.98)

2.70 (0.86 to
8.47)

$12 35 7.45 (1.35 to
6.53)

0.12 (0.01
to 2.35)

0.13 (0.01 to
1.30)

Location of
health facility

Rural 40 7.74 (4.28 to
15.04)

Ref Ref

Urban 22 13.47 (6.96 to
30.59)

2.18 (0.26
to

18.14)

2.24 (0.13 to
40.11)

*Adjusted for country where health facility is located.
HR, hazard ratio.
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among infants aged below 2 years compared with young
adults aged 20–24 years.

To the best of our knowledge, this is the first multi-
country tracing study among CAYHIV considered LTFU.
The high rates of unreported mortality are consistent with
results from a systematic review,4 and a multiregional tracing
study,16 although mortality in our study was lower than a
Zambian tracing study in which 26% of children had died.17

The children in the Zambian study were younger (0–15 years)
compared with those in our study (0–24 years) and as
reported, younger children have a higher risk of mortality
compared with older children. Mortality estimates among
adults who are LTFU and traced, vary across settings from
6% in Mozambique18 to 30% in Malawi19 with other studies
reporting no differences.20 The high mortality among children
and youth LTFU could be patients who were too ill to return
to care and died immediately after being lost (ie, they are lost
because they have actually died), or may have stopped taking
ART after their missed appointment, leading to nonsuppres-
sion, disease progression, and mortality (ie, they died because
they are lost and no longer on treatment).12 In our study, most
of the children and youth died within 1 year from their last
visit [median (IQR): 0.4 (0.2, 1.3) years] suggesting that they
were disengaged from care despite being ill. There were 27/
62 (44%) of deaths that occurred within the first 3 months
from the last clinic visit, and since visits were scheduled
three-monthly, these appear to have missed their visits
because they were deceased. The most common risk factors
associated with LTFU in the literature are psychosocial,
structural, and clinical barriers. Psychosocial barriers include
denial of HIV status and nondisclosure; structural barriers
include economic factors such as lack of transport costs, long
distance between clinic and patient’s home and clinical
factors may include drug stockouts, long waiting times at
the clinic, and health care workers’ attitudes.17,19

Mortality was highest among the youngest children.
Infants are more vulnerable to severe disease progression and
HIV-related complications. Without ART, only half survive
to their second birthday.21–23 Despite the introduction of early
infant diagnosis (EID) and earlier initiation of ART, many
children are only diagnosed during hospital admission with
advanced disease and a high risk of mortality.24 ART
programs focused on EID and retention of these children
should be strengthened to reduce mortality. Our study
provides additional evidence that the first 6 months on ART
are critical for survival.25,26 Longer duration on ART would
also imply sustained viral suppression and hence reduced risk
of mortality in this age group. ART programs should ensure
that CAYHIV achieve and maintain high CD4 counts and
stay on ART, and trace those who are lost as soon as they
miss a clinic visit. ART programs should also prioritize
children and youth who enter care with severe disease to
ensure improved survival in the first 6 months on ART.
Interventions to prevent LTFU among the youngest children
and in the first 6 months after ART start are urgently needed.

Our study was strengthened by the large sample of
traced CAYHIV from 5 countries in Southern Africa. Our
results should be generalizable to pediatric HIV programs
with high rates of LTFU and mortality in low- and middle-

income countries. Our study was limited by missing CD4
count/percent measurements, which we addressed using
multiple imputation. We did not have data on the causes of
deaths and were also unable to link to national registers for
any deaths that may have occurred among those that we were
unable to find through tracing.

In conclusion, our study adds much-needed evidence on
outcomes of CAYHIV who are LTFU, confirms high
mortality in those lost, and the need for tracing to assess
vital status among those who are lost to accurately report on
program mortality. Treatment programs must prioritize re-
taining CAYHIV who start ART below 2 years old and those
in the first year of initiating ART, and actively trace them
should they miss a clinic visit.
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