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Abstract

Introduction The emergence of First-line Antiretroviral Therapy (ART) regimens fails; it necessitates the use of more
costly and less tolerable second-line medications. Therefore, it is crucial to identify and address factors that increase
the likelihood of first-line ART regimen failure in children. Although numerous primary studies have examined

the incidence of first-line ART failure among HIV-infected children in Ethiopia, national-level data on the onset

and predictors remain inconsistent. Hence, this study was conducted to fill the gaps in determining the onset of first-
line ART failure and its predictors among HIV-infected children in Ethiopia.

Methods Articles related to our topic of interest were searched using a systematic approach in national and interna-
tional electronic databases. The retrospective follow-up cohort studies published in English up to 2022 were included.
The data were extracted using a Microsoft Excel spread sheet and exported into Stata™" Version 17.0 for further man-
agement and analysis. The level of heterogeneity was quantified using I” test together with a 95% confidence interval
(CN). The incidence of the primary estimates was estimated using a random effects model in the Dersimonian-Laired-
method. Subgroup analysis, Meta regression, and sensitivity analysis were computed to identify the source of het-
erogeneity but not explained. The predictors of first-line ART failure were explained using relative risk (RR) with 95%
confidence interval (Cl).

Results Ten studies having a total of 5446 children were included. The pooled onset of first-line ART failure was 3.18
(95% Cl: 1.91, 4.44) per 100 child-years of observations. Those study participants who began ART at an advanced WHO
clinical stage at ART initiation had a 3.05 (95% Cl: 1.47, 6.36), having poor ART adherence had a 2.19 (95% Cl: 1.29, 3.70),
and having TB-HIV coinfection at ART initiation had a 1.43 (95% Cl: 1.06, 1.94) times higher chance of experiencing
first-line ART failure than their corresponding counterparts.

Conclusion The onset of first-line ART failure was high to achieve the 2030 UNAIDS target of ending the AIDS
epidemic. Advanced WHO clinical stage, poor first-line ART adherence, and having TB-HIV coinfection were identified
predictors. Hence, community HIV screening should continue to strengthen early ART initiation, and the attention
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of ART adherence should be kept to achieve ending the AIDS epidemic. The baseline tests and diagnosis, like TB diag-
nosis should be maintained for HIV-infected children while they begin ART.

Keywords First-line ART failure, Onset, Predictors, Children, Ethiopia

Plain text

First-line ART failure is a significant global public health
issue. In Ethiopia, there is no comprehensive data on
the onset and predictors of first-line ART failure among
school children on ART. This systematic review and
meta-analysis aim to estimate the pooled onset and pre-
dictors of first-line ART failure among school children
on ART in Ethiopia, using data extracted from 5,446 par-
ticipants of 10 studies. Data analysis was computed using
STATA version 17.0 statistical software. The presence or
absence of heterogeneity was determined using a ran-
dom effects model, and predictors were identified using
a Meta-regression model. The study revealed that the
onset of first-line ART failure in Ethiopia is high, posing
challenges to achieving 2030 goals. Predictors of first-line
ART failure included advanced WHO clinical stage at
baseline, poor ART adherence, and TB-HIV coinfection
at initiation.

Introduction

HIV/AIDS leads to immune deterioration, making
the body susceptible to secondary and opportunistic
infections. To combat this, care and treatment such as
Antiretroviral Therapy (ART) are essential. ART drugs
are used to suppress the virus and restore immunity,
thereby reducing the risk of HIV-related morbidity and
mortality [1]. Without HIV care, including antiretroviral
therapy, the progression of HIV infection in children is
particularly swift [2]. ART drugs are lifelong medications
that require continuous monitoring to maintain optimal
viral suppression. While they are not a cure, they signifi-
cantly reduce the risk of HIV-related morbidity and mor-
tality [3]. The recommended ART regimens for children
based on their weight are AZT or ABC+3TC+EFV,
AZT+3TC+NVP, TDF+3TC+EFV, TDF+3TC+NVP,
and ABC+3TC+NVP For 3-year-olds, the options
include ABC or AZT+3TC+LPV/r, ABC+3TC+NVP,
and AZT+3TC+NVP [4] are the ART regimens given
for children.

ART treatment failure is defined as the progression of
the disease despite ART initiation, indicating an ineffec-
tive response to therapy. This failure limits future thera-
peutic options by reducing the available alternatives [5].
Therefore, it also affects the success of HIV treatment
in meeting the UNAIDS goal of ending the HIV epi-
demic by 2030 [6]. This situation leads to the emergence

and transmission of drug-resistant strains. Children
who experience ART medication failure face increased
side effects, including the spread of drug-resistant viral
strains and higher mortality rates [7]. ART failure is an
escalating problem that jeopardizes the efforts made for
patients, communities, and the nation.

It is diagnosed using virologic, clinical, and immuno-
logical methods or as a combination of all three [8, 9].
Immune reconstitution inflammatory syndrome (IRIS)
is a paradoxical condition where clinical deterioration
happens even as the immune system improves, while
treatment failure results in no immunologic progress
[10]. Viral load testing is the gold standard for monitor-
ing antiretroviral treatment failure. Immunological and
WHO clinical criteria serve as secondary options for
diagnosing ART treatment failure, as they have low sen-
sitivity and positive predictive value in detecting viral
failure [11]. Worldwide, it is estimated that of the 1.7 mil-
lion children living with HIV, 65% received antiretrovi-
ral therapy (ART), and 57% achieved viral suppression by
the end of 2021 [12]. Although numerous primary studies
have examined the incidence and predictors of first-line
ART failure, inconsistencies in the findings have made
interventions challenging. This study aims to address
incidence and predictors of first-line ART failure, which
is important to prevent clinical events and subsequent
morbidity/morality as well as providing valuable insights
for policymakers, programmers, researchers, and health-
care practitioners.

Research question: what is the onset and predictors of
first-line ART failure among Ethiopian children?

Condition: First-line ART failure

Context: Ethiopia

Population: EthiopianChildren on ART

Methods

Study area

Ethiopia is a Federal Democratic Republic with nine
regional states (Afar, Ambhara, Benishangul-Gumuz,
Gambella, Harari, Oromia, Somali, Southern Nations
Nationalities and People’s Region, and Tigray) and two
city administrations (Addis Ababa and Dire Dawa).
It has a total area of 1,100,000 km2 and is divided into
zones, which are further subdivided into districts, which
are further subdivided into kebeles, the lowest admin-
istrative divisions [13]. Ethiopia, with a population of
approximately 112 million people, is Africa’s second most
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populous country (56,010, 000 females and 56, 069, 000
males in 2019) [14].

Data source and searching strategy

This review was reported using the Strengthen-
ing the Reporting of Observational Studies in
Epidemiology(STROBE) guideline [15], (additional file:1).
We conducted a systematic search at electronic data-
bases (PubMed/MEDLINE, CINAHL, EMBASE, Google
Scholar, and Science Direct) from December 16, 2023to
January 10, 2024. In addition to the databases, articles
were also discovered by searching the reference lists
of eligible studies. Two authors worked independently
on the search (MYB and SSJ). Endnote X9 was used to
retrieve and manage studies discovered after conduct-
ing a systematic search. ((First-line Antiretroviral Ther-
apy [Text Word]) OR (Failure First-line Highly Active
[Text Word])) OR (antiretroviral therapy resistance[Text
Word])) OR (incidence[Text Word])) OR (predic-
tors [Text Word])) OR (Antiretroviral Therapy [MeSH
Terms])) AND ((((((HIV infected children[Text Word])
OR (HIV infected preschool[Text Word])) OR (Children
living with HIV[Text Word])) OR (HIV positive chil-
dren AND ((Ethiopia [Text Word]) OR (Ethiopia [MeSH
Terms]))” were the searching engines used for searching
articles.

Eligibility criteria

Included criteria

All cohort studies conducted on incidence and predictors
of first-line ART failure among Ethiopian children and
Published in English were included.

Excluded

Articles which were not fully accessed after two email

contacts with the corresponding authors and having sim-

ilar title but different outcome variables were excluded.
Design: Systematic review and Meta-analysis

Screening procedure

Three authors (MYB, GMB, and SA) screened all titles
and abstracts found in electronic databases indepen-
dently. Disagreements were resolved through dialogue.
Two authors (MYB and SSJ) screened the full text of the
included articles independently, during which disagree-
ments were resolved in the presence of a third author
(GMB).

Quality assessment/risk of bias/

The quality of the included studies was evaluated using
the Newcastle-Ottawa Quality Assessment Scale for
cohort study (NOQAS) [16]. It depends on selection
(Representativeness of the exposed cohort, Selection
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of the non-exposed cohort, Ascertainment of exposure
and Demonstration that outcome of interest was not
present at the start of study), Comparability (based on
the design or analysis controlled for confounders), and
outcome (Assessment of outcome, was follow-up long
enough for outcomes to occur, Adequacy of follow-up of
cohorts). The assessment tool guides that the articles that
scored 3 or 4 stars in the selection domain AND 1 or 2
stars in comparability domain AND 2 or 3 stars in out-
come/exposure domain were declared as “Good quality’,
2 stars in selection domain AND 1 or 2 stars in the com-
parability domain AND 2 or 3 stars in outcome/exposure
domain were declared as “Fair quality’, and O or 1 star
in selection domain OR 0 stars in comparability domain
OR 0 or 1 stars in the outcome/exposure domain were
declared as “poor quality” as a result, during the quality
assessment of articles, all included articles were declared
as having good quality.

Data extraction

The data were extracted using the data extraction check-
list prepared from a Microsoft Excel spreadsheet. To
ensure consistency and transparency, two authors (MYB
and BE) extracted data independently using a predefined
extraction checklist. The incidence of first-line ART fail-
ure among children, the study region, year of publication,
sample size, follow-up period, and the first author name
were extracted from the primary studies during data
extraction.

Outcome variable and measures

The primary outcome of interest was the onset of first-
line ART failure. It was calculated by considering the
incidence of first-line ART failure and its standard error
using a random effects model through the Dersmonian-
laired method and quantified using I* test. The second
outcome of interest was predictors of first-line ART fail-
ure among Ethiopian children. It was again identified via
log transformation of the primary studies; the effect size
has been further computed. First, the RR of the primary
studies was transformed into logRR to get the actual
effect size, and its standard error was computed using
InlogRR. Hereafter, the binary Meta-regression model
was fitted considering the logRR and InlogRR to iden-
tify the predictors of first-line ART failure among Ethio-
pian schoolchildren. Finally, the strength of association
between variables was presented using RR with a 95% CI.

Data management and analysis

For further analysis, the extracted data were exported to
Stata'" Version 17.0 software. The pooled onset of first-
line ART failure was estimated using a random effect
model through the Dersmonian-laired method with I?
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Fig. 1 STROBE flow diagram of the included studies for first-line ART failure among Ethiopian children

tests [17]. The standard errors (for the first and second
objective) were computed from the reported estimates
and population denominators using a normal distribution
assumption. The presence of heterogeneity between stud-
ies was determined using the Cochran’s-Q test and quan-
tified using I-square statistics; significant heterogeneity

(12=92.5% & p-value=0.000) was found because hetero-
geneity is classified as high when its value is >50% [18].
To determine the presence or absence of publication bias,
we used a funnel plot, which suggested the presence of
publication bias due to the asymmetry of the scatterplot.
We then used Egger’s linear regression test to confirm

Table 1 The characteristics of the included studies among Ethiopian children

Sn Authors Publication year Region cases Sample size PYO Incidence Follow-up
period

1 Endale Zenebe et al. [29] 2021 Oromia 64 414 4145.75 1.54 4

2 Fassikaw Kebede et al. [33] 2021 Amhara 96 710 1935.24 0.41 4

3 Birkneh Tilahun Tadesse [32] 2021 Amhara 49 484 1299.73 497 7

4 Molla Azmeraw et al. [31] 2022 Amhara 315 459 1890 16.67 9

5 Migbar Sibhat et al. [34] 2020 Tigray 96 404 2765.38 347 4

[§ Birtukan Aklog Yihun et al. [30] 2019 Amhara 49 402 129832 3.77 7

7 Malede Mequanent Sisay et al. [28] 2018 Amhara 63 824 476042 132 6

8 Endalk Birrie Wondifraw et al. [29] 2022 Amhara 47 336 27,058 2.1 13

9 Meseret Misasew [35] 2022 Addis Ababa 43 250 1780.54 242 7

10 Tigist Bacha et al. [10] 2012 Addis Ababa 167 1186 13,379 1.25 6
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Table 2 The clinical characteristics of the study participants on ART
Characteristics Categories Frequency Percentage
WHO clinical staging at baseline Stage I/l 239 5241
Stage lIl/IV 217 47.59
CD4 count or CD4% at baseline <200cells/mm3 217 47.59
200- 500cells/mm3 100 2193
> 500cells/mm3 139 3048
Hemoglobin level at baseline <10g/L 105 23.03
>10g/L 351 76.97
BMI Normal 280 614
Underweight 176 38.60
Height/age Normal 308 67.54
Stunting 148 3246
Opportunistic infection Yes 89 39.04
No 367 60.96
Prophylaxis give Not given 10 2.19
Co-trimoxazole 274 60.08
INH 150 32.89
Both co-trimoxazole & INH 22 4.82
ART adherence Good 125 2741
Fair 89 19.52
Poor 242 53.07
Disclosure status Disclosed 230 5044
Not disclosed 226 49.56
Drug side effects Yes 65 14.25
No 391 85.75
Does the regimen change Yes 157 3443
No 65.57
Table 3 Multivariable cox proportional regression analysis model for first line ART failure
Variables Survival status Association (HR (95%Cl) P-value
Event (105) Censored (351) CHR AHR
Residence
Urban 34 308 1.00 1.00 0.02
Rural 71 43 2.21(1.56,3.54) 5.30(3.60,6.14)
Disclosure status
Yes 30 200 1.00 1.00
No 75 151 156 (1.3,5.89 161(047,234 023
Baseline CD4 count
< 200cells/mm3 66 181 1.00 1.00
200- 500cells/mm3 28 72 0.34(0.23,0.87) 0.27(0.85, 2.34) 0.98
> 500cells/mm3 1 128 0.23(0.12,0.75) 2.12(0.95,3.45) 0.79
WHO clinical staging
Stage I/Il 38 201 1.00 1.00 0.01
Stage Ill/IV 67 150 245(1.85,3.12) 4.05 (Cl: 2.35,5.24)
height for age
Normal 25 283 1.00 1.00
Stunting 80 68 -1.2(-2.23,045) 2.3(0.68,3.65 0.32
Adherence
Good 32 93 1.00 1.00
Poor 73 258 3.56(2.45,6.31) 320(2.21,4.10) 0.00
Baseline Ol
Yes 71 18 1.00 1.00
No 34 323 243(2.01,3.15) 0.65(0.25, 1.89) 0.58
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the presence of publication bias objectively, and it con-
firmed the absence of publication bias due to a p-value
less than 0.05 [19]. An overall synthesized incidence of
first-line ART failure was calculated and reported using
a 95% confidence interval. To identify the source het-
erogeneity, subgroup analysis, sensitivity analysis, and
meta-regression were computed but the heterogeneity
was not explained. The study regions, publication year
(before 2019 vs. after 2019), sample size (above mean vs.
below mean), and follow-up period (<6.7 vs. > 6.7 years)
were the variables used to compute a subgroup analysis.
Finally, the findings of systematic review and meta-analy-
sis were presented in the form of texts, tables, and graphs
like forest plots.

Results

Search results

A total of 1502 studies were discovered through elec-
tronic database searches on PubMed/ MEDLINE,
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CINAHL, EMBASE, Google Scholar, and Science Direct,
as well as organizational records and websites. Approxi-
mately 954 articles were excluded due to duplication, 346
articles were excluded due to differences in study setting/
context [18—21], 180 articles were excluded due to differ-
ences in study population [22-24], 1 article was excluded
was due to the study conducted on the general popula-
tion [25], one article excluded due to having a different
study design but it says predictors [23], 10 articles were
excluded due to differences in outcome interest like inci-
dence [26, 27]. Finally, 10 retrospective cohort studies
were identified for inclusion and followed for the current
systematic review and Meta-analysis (Fig. 1).

Characteristics of the included studies

Ten studies involving a total of 5446 children were quali-
fied for inclusion and further analysis in Ethiopia. These
studies were conducted from three regions (Amhara
region (n=6) [28-33], Oromia region (n=1) [29], Tigray

Pooled incidence and predictors of first-line ART failure among Ethiopia children

Publication
author year
Oromia
Endale Zenebe et al 2021

Subtotal (I-squared=.%,p=.)

Amhara

Fassikaw Kebede et al 2021
Birkneh Tilahun Tadesse 2021
Molla Azmeraw et al 2022

Birtukan Aklog Yihunetal 2019
Malede Mequanent Sisay et 2018
Endalk Birrie Wondifraw et al 2022
Subtotal (I-squared = 95.6%, p = 0.000)

Tigray
Migbar Sibhat et al 2020
Subtotal (I-squared=.%,p=.)

Addis Ababa
Meseret Misasew 2022
Tigist Bacha et al 2012

Subtotal (I-squared = 23.4%, p = 0.253)

Overall (I-squared = 92.5%, p = 0.000)

NOTE: Weights are from random effects analysis
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Fig. 2 The overall pool onset of ART failure among Ethiopian children and by regional
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(n=1) [34]), and one city administration (Addis Ababa
(n=2) [10, 35]). All of the included studies were con-
ducted through a retrospective follow-up method. The
studies with the smallest and largest sample sizes, 250
and 1186, were conducted both in Addis Ababa, followed
by a study conducted in Amhara region with a sam-
ple size of 710. The included studies’ follow-up periods
ranged from 4 to 13 years, with 1298.32 to 13,379 child-
years of ART failure free observations (Tables 1, 2, and 3).

The pooled onset of first-line ART failure

The onset of first-line ART failure among Ethiopian chil-
dren was 3.18 (95% CI: 1.91, 4.44) per 100 child-years
first-line ART failure free observations. When we looked
at it by region, Amhara had the highest (4.3 (95% CIL:
2.05, 6.55) ART failure onset among children, followed
by Tigray, 3.47 (95% CI: 1.69, 5.25), and Addis Ababa city
administration had the lowest, 1.48 (95% CI: 0.57, 2.38)
per 100 child-years of first-line ART failure-free observa-
tions (Fig. 2).

Publication
author year
<547
Endale Zenebe et al 2021
Birkneh Tilahun Tadesse 2021
Molla Azmeraw et al 2022
Migbar Sibhat et al 2020
Birtukan Aklog Yihun et al 2019
Endalk Birrie Wondifraw et al 2022
Meseret Misasew 2022
Subtotal (I-squared = 91.9%, p = 0.000)
=547
Fassikaw Kebede et al 2021
Malede Mequanent Sisay et al 2018
Tigist Bacha et al 2012

Subtotal (I-squared = 68.2%, p = 0.043)

Overall (I-squared = 92.5%, p = 0.000)

NOTE: Weights are from random effects analysis
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Subgroup meta-analysis

Despite the presence of strong evidence supporting the
existence of heterogeneity (using sample size for those
whose sample size was less than the mean (< 547) ?’=91.9
& > 547 I*=68.2 with p-value 0.0001 (Fig. 3), publication
year (those published before 2019 I?=68.0 with p-value
0.04 & after 2019 1*=94.7 with p-value less than 0.001)
(Fig. 4), and length of follow-up period ( those conducted
less than the mean follow-up years (<6.7 years) I>=74.0
with P-value 0.004, & those conducted greater than the
mean follow-up years (> 6.7 years) I*=93.6% with P-value
0.000) (Fig. 5), no sources of heterogeneity were identi-
fied using subgroup Meta-analysis.

Publication bias (Bias detection)

The scatter plots were asymmetrical, indicating that the
small-study had effects on the heterogeneity of first-line
ART failure among Ethiopian children (Fig. 6). The Egger
linear regression test was used to objectively assess the
presence or absence of publication bias. As a result, there
was statistically significant publication bias (2=0.000).

%
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1
i
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5—0— 497 (3.03,6.91) 934
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1
—— 210 (057, 3.63) 10.16
_4.5_ 242(052,432) 9.40
<:> 465 (2.29,7.02) 65.25
1
1
1
1
|
[ 0.41 (-0.06, 0.88) 174
= 1.32(0.54, 2.10) 1.42
1
- 1.25(0.62, 1.88) 1159
O E 0.94 (031, 158) 3475
i
@ 3.18(1.91, 4.44) 100.00
1
;
1
| I I T

Fig. 3 The subgroup analysis of ART failure among Ethiopian children using sample mean
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Publication

author year
after 2019

Endale Zenebe et al 2021
Fassikaw Kebede et al 2021
Birkneh Tilahun Tadesse 2021
Molla Azmeraw et al 2022
Migbar Sibhat et al 2020
Endalk Birrie Wondifraw et al 2022
Meseret Misasew 2022

Subtotal (I-squared = 94.7%, p = 0.000)

before 2019

Birtukan Aklog Yihun et al 2019
Malede Mequanent Sisay et al 2018
Tigist Bacha et al 2012

Subtotal (I-squared = 69.0%, p = 0.040)

Overall (I-squared = 92.5%, p = 0.000)

NOTE: Weights are from random effects analysis
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Fig. 4 The subgroup analysis of ART failure among Ethiopian children using publication year

As a result, we conducted trim and fill analysis, demon-
strating that publication was identified as the source of
heterogeneity.

Predictors of first-line ART failure

Baseline WHO stage (including five studies), adherence
(including four studies), disclosure status (including three
studies), baseline tuberculosis infection status (including
two studies), follow-up duration (including four stud-
ies), and parental status were used to predict the onset
of first-line ART failure in Ethiopian children (includ-
ing three studies). First-line ART failure was associated
with advanced WHO clinical stage at baseline, poor ART
adherence, and having baseline TB-HIV coinfection,
which were identified as significant predictors of first-line
ART failure among children in Ethiopia.

Those study participants who began ART at an
advanced WHO clinical stage had a 3.05 (95% CI: 1.47,
6.36) times higher chance of getting first-line ART failure
when compared with those children who were on WHO

clinical stage I & II (Fig. 7). Children who have poor ART
adherence had a 2.79 (95% CI: 1.29, 3.70) times higher
chance of experiencing first-line ART failure than chil-
dren having good first-line ART adherence (Fig. 8). The
likelihood of experiencing first-line ART failure among
children having TB-HIV coinfection had 1.43 (95%CI:
1.06, 1.94) times higher than their counterparts (Fig. 9).

Discussions

This systematic review and Meta-analysis included 10
articles having 5446 children in Ethiopia. The sample size
of included studies ranged from 250 to 824 Ethiopian
children.

The onset of first-line ART failure among Ethiopian
children was 3.18 (95% CI: 1.91, 4.44) child-years of ART
failure-free observations. It is high in order for meet the
Joint UNAIDS treatment achievement of ending the HIV
epidemic by 2030. This could be attributed to delayed
ART initiation in HIV-infected children, insufficient
focus on community HIV screening, and a lack of close
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Publication
author year
<67 :
Endale Zenebe et al 2021 - :
Fassikaw Kebede et al 2021 % E
Migbar Sibhat et al 2020 —IQ—
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Tigist Bacha et al 2012 *>
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NOTE: Weights are from random effects analysis
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Endalk Birrie Wondifraw et al 2022 ——
1
Meseret Misasew 2022 —OJI—
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Assocation of First-line ART failure and baseline WHO linical satge

Study %
ID RR (95% Cl) Weight
Birtukan Aklog Yihun —:o— 3.29(1.85,5.84) 19.51
Fassikaw Kebede et al —0% 15.20 (7.78,29.69) 18.71
Meseret Misasew —o—é— 1.99 (1.08, 3.66) 19.21
Migbar Sibhat —0'— 2.70 (1.93, 3.76) 21.19
Tigist Bacha T— ' 1.17 (0.87, 1.57) 21.38
Overall (I-squared = 92.4%, p = 0.000) <> 3.05(1.47, 6.36) 100.00
NOTE: Weights are from random effects analysis .
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Fig. 7 association of first-line ART failure and WHO clinical stage among Ethiopian children

follow-up for daily pill intake. These factors contribute to
comorbidities, viral multiplication, low CD4 counts, and
disease progression, ultimately leading to ART failure in
Ethiopia. Children who were at an advanced WHO clini-
cal stage when they began ART had a 3.05 times higher
likelihood (95% CI: 1.47, 6.36) of experiencing first-line
ART failure compared to their counterparts. It is sup-
ported by a study conducted in Cameroon and Tanzania
[36, 37]. This could be attributed to delayed ART initia-
tion in children, leading to a high viral load and low CD4

cell count, which in turn causes the deterioration of the
child’s immune system and disease progression [38]. This
ultimately results in first-line ART failure among Ethio-
pian school children on ART.

First-line ART failure experience among children who
had poor ART adherence was 2.79 (95% CI: 1.29, 3.70)
times higher than their counterparts. It is supported by
a study conducted in Tanzania [37, 39]. This could be due
to the fact that the benefits of ART are maximized when
children have regular follow-ups and maintain good

Association of first-line ART failure with ART adherence of Ethiopian children

Study %
ID RR (95% CI) Weight
Birtukan Aklog Yihun T 1.81(0.92,3.58) 15.06

Fassikaw Kebede et al

——— 10.88 (5.35, 22.09) 14.76

Malede Mequanent —_— E 0.95(0.59, 1.53) 17.30
Migbar Sibhat -'—0— 2.79(1.99,3.89) 18.66
Molla Azmeraw etal - ; 1.35(1.21,1.51) 20.01
Tigist Bacha —0— 2.00(0.94,4.28) 14.20
Overall (l-squared =90.2%, p = 0.000) @ 2.19(1.29,3.70) 100.00

NOTE: Weights are from random effects analysis|
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Fig. 8 Association of first-line ART failure and ART adherence of Ethiopian Children
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Association of first-line ART failure and baseline TB-HIV coinfection among Ethiopian children

Study %

D RR (95% Cl) Weight
Malede Mequanent 1.71(1.05, 2.78) 23.07
Migbar Sibhat —%—0— 1.75 (1.16, 2.62) 28.01
Molla Azmeraw et al —— ; 1.17 (1.00, 1.37) 48.92
Overall (I-squared = 58.9%, p = 0.088) <> 1.43(1.06,1.94)  100.00

NOTE: Weights are from random effects analysis
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Fig. 9 Association of first-line ART failure and TB-HIV coinfection among Ethiopian Children

adherence. Poor adherence to ART is associated with a
loss of sustained viral suppression, an increased risk of
drug resistance, the emergence of resistant strains, and
disease progression [40, 41].

Children with TB-HIV coinfection have a 1.92 times
higher risk (95% CI: 1.06, 1.94) of first-line ART failure
compared to those without TB-HIV coinfection. This
increased risk may be due to overlapping drug toxicities,
side effects, pill burden, drug-drug interactions, and the
immune system weakening caused by TB. These factors
can lead to the occurrence of IRIS, poor ART adherence,
high viral replication, and disease progression, ultimately
resulting in first-line ART failure [42].

Conclusion and recommendation

The onset of first-line ART failure among Ethiopian chil-
dren on ART was high to achieve ending AIDS epidem-
ics by 2030. Advanced WHO stage, poor ART adherence,
and TB-HIV coinfection at the initiation of ART were the
identified predictors. Regarding ART initiation for chil-
dren at an advanced WHO clinical stage, the Minister of
Health should continue to strengthen community HIV
screening and the test-and-treat program. Families and
caregivers should collaborate in community HIV screen-
ing and ensure children are taken to an ART treatment
center as soon as their HIV status is known. Address-
ing poor ART adherence: The Minister of Health should
implement telemedicine initiatives, such as sending
text message reminders for children to take their daily
ART dose. Families should also remind and supervise

their children during their daily ART intake. Regard-
ing TB-HIV coinfection: The Minister of Health should
ensure that TB investigation labs are well-equipped, and
healthcare professionals should continue diagnosing TB
in HIV-infected children during follow-ups. Non-gov-
ernments organizations with collaborations with gov-
ernmental organizations should offer a comprehensive
package of interventions, including screening, treatment,
and prophylaxis for major opportunistic infections, to
reduce morbidity and mortality in patients with advanced
HIV disease.

Healthcare professionals ensure that TB investigation
labs are well-equipped and continue diagnosing TB in
HIV-infected children during follow-ups.

The future researcher should conduct on early inter-
vention studies focusing on the benefits of early ART
initiation to prevent progression to advanced WHO
clinical stages and Adherence Improvement Strate-
gies to investigate effective strategies to improve ART
adherence among children, such as community support
programs.
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