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Background: HIV/AIDS-associated morbidity and mortality have reduced since the intro-
duction of antiretroviral therapy (ART). Treatment failure is one of the causes of mortality,
morbidity, and the development of drug-resistant viral strains. Therefore, this research aims
to assess the prevalence and associated factors of treatment failure among children with HIV/
AIDS on antiretroviral therapy attending the University of Gondar Specialized Referral
Hospital, Northwest Ethiopia.

Methods: A retrospective study was conducted on 200 children registered for ART from
2005 to 2017. Data regarding patients’ socio-demographic, baseline clinical characteristics,
and treatment-related information were collected through a review of their medical records.
Data were entered into Epi-info version 3.5.3 and analyzed using statistical package for
social sciences (SPSS) version 21 software. To summarize characteristics of the study
participant’s descriptive statistics were done. Bivariable and multivariable binary logistic
regression were fitted to identify factors associated with treatment failure. The odds ratio and
95% confidence interval (CI) were calculated to assess the strength of the association and
P-value<0.05 in the multivariable regression was considered as statistically significant.
Results: The prevalence of ART failure was 12.5% (95% CI: 7.88, 17.12), clinical failure
was the most common followed by immunologic failure with only a small proportion having
both clinical and immunologic failure. The mean time to develop treatment failure after
initiation of the first-line regimen was 22.28 + 24.00 months. Being male (AOR= 3.15; 95%
CI: 1.18-8.39), co-infected with tuberculosis (TB) at baseline (AOR= 2.37; 95% CI: 1.23—
8.84), being on ART for a long period (>36 months) (AOR= 1.01; 95% CI: 1.34-2.89), and
regimen change (AOR=9.22; 95% CI: 3.36-25.03) were factors of ART failure.
Conclusion: In this study, there is significant treatment failure among HIV-infected children.
Having co-infection, being on ART for a long period, regimen change, and being male were
found to be independent factors of treatment failure in children. Therefore, timely identification
and monitoring of ART failure should be necessary to enhance the benefit and to prevent further
complications. Prophylaxis for opportunistic infections such as co-trimoxazole preventive ther-
apy should continue to recover the immunological status of the child.
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Background

Acquired immunodeficiency syndrome (AIDS) is disease caused by virus called human
immunodeficiency virus (HIV).! There were approximately 38 million people worldwide
living with HIV/AIDS in 2019. Of these, 1.8 million were children (<15 years old):
among them, an estimated 28% live in Eastern and southern Africa. In 2019, around
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1.7 million individuals were newly infected with HIV globally.
Of these, 150, 000 were children aged 0-14 years. Most of
these children lived in sub-Saharan Africa and were infected
by their HIV-positive mothers during pregnancy, childbirth, or
breastfeeding.” The Joint United Nations Program on HIV and
AIDS 90-90-90 targets the goal of achieving viral suppression
in 90.0% of the individuals on sustained ART.> Based on the
United Nations HIV/AIDS report, about 690,000 (530,000—
900,000) people were living with HIV/AIDS in Ethiopia in
2018. Of them, 36,000 (23,000-55,000) were children aged
0-14 years; of which 21,500 (59%) of them were receiving
ART*

ART are drugs used in combination of three or more
antiretroviral drugs from different classes such as: entry
inhibitors, nucleoside and non-nucleoside analog inhibitors
of reverse transcriptase, integrase inhibitors, and protease
inhibitors, either taken individually or in fixed-dose com-
binations for the treatment of HIV.” ART failure is defined
as progression of the disease and high risk of mortality
after the beginning of ART. It can be assessed by clinical
failure, immunologic failure, and virological failure.® In
the absence of viral load test, treatment failure has been
assessed using clinical and immunological criteria.' !

Pediatric ART failure is an under-recognized issue that
receives inadequate attention in HIV treatment programs.
Pediatric ART failure rates range from 19.3% to over
32.0% in resource-limited settings.'”> The current systema-
tic review and meta-analysis showed that the overall HIV
treatment failure in Ethiopia was 15.9%. The pooled treat-
ment failure in children was 14.6%. Of the total, 10.2%,
5.6%, and 6.3% were immunological, virological, and
clinical treatment failure, respectively. World Health
Organization (WHO) clinical stage III/IV, opportunistic
infections, low CD4 cell count, and poor adherence to
ART were the identified associated factors for treatment
failure.'

The identification and management of first-line ART
failure is a key challenge for HIV programs in a resource-
limited setting. Staying on a failing first-line therapy is
associated with an increased risk of mortality.'® Increasing
the duration of children stay on a failing regimen results in
drug resistance and potentially enhances morbidity and
mortality.'* Therefore, to increase the efficacy rate of
ART, the prevalence and factors of treatment failure
among children on first-line ART should be identified.
The finding encourages clinicians to provide targeted treat-
ment approach which provides appropriate treatment care
and follow up for HIV infected children.

Materials and Methods
Study Area

The study was conducted at the University of Gondar
Specialized Referral Hospital. The hospital is found in
Gondar town, Ambhara regional state at 738 km from the
capital city of Ethiopia, Addis Ababa. It is situated at 2133
meters above sea level. The ART service of the hospital was
initiated in 2005, and it has 7 outpatient rooms, one volun-
tary testing and counseling room, one pharmacy, and one
laboratory. The ART service has three adult ART clinics, one
pediatric, one voluntary counseling, and 2 adherence coun-
seling clinics. Based on the information obtained from the
hospital, since the hospital started ART service, 7581 adults
and 738 pediatric HIV-infected patients had been enrolled
for ART service until the end of 2016.

Study Design, Period and Population

An institution-based retrospective cross-sectional study
was conducted from March to May 2017. The medical
records of HIV-infected children who registered for ART
from 2005 to 2017 were the source population. Medical
records of HIV-infected children who took ART for at
least six months at the University of Gondar specialized
referral hospital ART clinic were the study population.

Sample Size and Sampling Technique
Because tThe study was a retrospective, the sample size
calculation was not applicable. A total of 540 HIV-infected
children who were taking ART were registered. From
those children, 200 of them who took ART for at least 6
months and had complete information for key variables
were included in this study.

Inclusion and Exclusion Criteria

All medical records of HIV-infected children who took
ART for at least 6 months at the University of Gondar
specialized referral hospital ART clinic were included;
whereas those HIV-infected children with incomplete
data on hemoglobin (Hgb), CD4 count, WHO clinical
stage, ART adherence, type of regimen, weight, height,
and age were excluded from the study.

Study Variables

The dependent variable of the study was treatment failure.
The independent variables include socio-demographic char-
acteristics of children and their caregivers (age, sex, religion,
marital status, level of education, occupational status, and
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parental survival status), medical conditions and laboratory
data (CD4 cell count, Hgb level, functional status, WHO
clinical stages, and opportunistic infections), and treatment-
related data (ART regimens, adherence to ART and year of
ART initiation).

Operational Definition

Treatment failure: is categorized as a clinical, immunolo-
gical, and virological failure and defined as follows.®'>
Clinical failure: New or recurrent clinical event indicating
an advanced or severe immune deficiency (WHO clinical
stage III and IV clinical conditions with exception of TB)
after 6 months of effective treatment.

Immunological failure: CD4 count falls to the baseline or
persistent CD4 levels below 100 cells/mm3 for adult and
adolescent or below 200 cells/mm3 in younger than 5 years.
Virological failure: Plasma viral load above 1000 copies/
mL based on two consecutive viral load measurements in
3 months, with adherence support following the first viral
load test.

Adherence: The extent to which a client’s behavior coincides
with the prescribed regimen.® Based on the remaining pill
count clinicians can consider good adherence (<95%) if the
patient miss to take <2 of 30 prescribed doses, fair adherence
(85-94%) if the patient miss to take 3—5 of 30 prescribed
doses, and poor adherence (<85%) if the patient miss to take
less than 6 of 30 prescribed doses.'*!

Functional status: defined as working/appropriate (the abil-
ity to perform usual work in and out of the house), ambu-
latory/delayed (the ability to perform activities of daily
living), and bedridden/regression (not able to perform
activities).'®

Data Collection Tools and Procedure

Data were collected using structured questionnaires which
were adopted from the Ethiopian Federal Ministry of Health
National Guidelines for Comprehensive HIV Prevention, Care
and Treatment, 2014.!7 The tool was further customized based
on the children ART monitoring record book. The following
data was collected from the patients’ medical records like
socio-demographic status, Hgb value, weight, height, CD4
cell count, type of ART regimens used, WHO clinical stages,
TB screening results, ART adherence, and other clinical char-
acteristics at baseline and after ART initiation.

Data Analysis and Interpretation
Data were cleared, entered into Epi-info version 3.5.3,
and then transferred to Statistical Package for Social

Science (IBM Corporation, Armonk, NY, USA) version
20 software for analysis. Descriptive statistics were used
to summarize characteristics of the study participants
through tables. A bivariable binary logistic regression
model was fitted to identify factors associated with treat-
ment failure. Hosmer-Lemeshow goodness-of-fit test was
used to assess the fitness of the model. Predictor vari-
ables having a p-value less than or equals to 0.2 in the
bi-variable analysis were included in the multi-variable
analysis to control confounders. Both crude odds ratio
(COR) and adjusted odds ratio (AOR) with the corre-
sponding 95% CI were calculated to show the strength of
association. A p-value <0.05 in the multi-variable regres-
sion model was considered as statistically significant.

Ethical Consideration

The study was conducted after approval of the protocol by
the Ethical Review Committee of School of Biomedical
and Laboratory Sciences, College of Medicine and Health
Sciences, the University of Gondar. A permission letter
was also granted from the chief clinical director of the
University of Gondar Specialized Referral Hospital. The
information obtained from the participants were coded to
ensure confidentiality. Since it was a retrospective study
from medical records, a consent waiver to participate in
the study was obtained from ethical review board.

Result

Socio-Demographic Characteristics

A total of 200 medical records of HIV-infected children on
ART were reviewed. The mean + SD (standard deviation)
age of the patients at the enrollment of the ART clinic was
52.9 £+ 31.2 months. More than half of the participants, 117
(58.5%) were females and 181 (90.5%) were from urban
areas. Regarding caregivers' marital status, 150 (75.0%)
were married and 134 (67.0%) of the caregivers had bio-
logical relationship with a child. Sixty two (31.0%) of the
caregivers were positive for HIV (Table 1).

Clinical and Treatment-Related

Characteristics

Out of study participants, 80 (40.0%) started ART based
on both clinical and CD4 eligibility criteria. One hundred
five (52.5%) of the participants started ART from
2005-2012 years, while 95 (45.5%) were started ART
from 2013-2017 years. The predominant ART regimen
initially prescribed for them were a combination of
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Table | Socio-Demographic Characteristics of HIV-Infected
Children Who Were on ART and Their Caregivers at University
of Gondar Specialized Referral Hospital from 2005 to 2017

Characteristics Category Frequency | Percentage
Age at enrolment <5 118 59.0
ears
(years) 5-9 73 36.5
10-15 9 4.5
Sex Male 83 41.5
Female 117 58.5
Residence Urban 181 90.5
Rural 19 9.5
Caregiver’s marital Single 18 9.0
status
Married 150 75.0
Widowed/ 32 16.0
divorced
Caregiver’s Unable to read | 59 29.5
educational status and write
Primary 141 70.5
school
Caregiver’s Government 13 6.5
occupation employed
Farmer 7 35
Merchant 54 27.0
Housewife 78 39.0
Daily laborer 48 24.0
Caregiver’s Biological 134 67.0
relationship with
X Relatives 66 33.0
child
Caregiver’s HIV Positive 62 31.0
status
Negative 8 4.0
Unknown 130 65.0
Parent status Either live 52 26.0
Both live 75 375
Neither live 3 1.5
Unknown 70 35.0

Abbreviation: HIV, human immunodeficiency virus.

Zidovudine (AZT) + Lamivudine (3TC) + Nevirapine
(NVP)/Efavirenz (EFV) in 130 (65.0%) of the children.
Forty nine (24.5%) of the children initially initiated with
a combination of Stavudine (D4T) + 3TC + NVP ART

regimen, followed by Tenofovir (TDF) + 3TC + EFV. One
hundred twenty-nine (64.5%) of study participants were
WHO clinical stage I and II at the time of ART initiation
and 18 (9%) of the children had a history of TB treatment
at initiation of ART. Half, 105 (52.5%) of the
participants were on ambulatory/delayed functional status
at a baseline. Seventy five (37.5%) of the participants had
anemia at initiation of ART. The mean = SD weight of the
children at the initiation of ART and last visit of follow-up
were 15kg £+ 6.5 kg and 23.3kg + 9.9kg, respectively. The
baseline and current median CD4" cell counts were 526
cells/mm?® (interquartile range (IQR): 314.50-526.00) and
859.50 cells/mm® (IQR: 622.50-859.50), respectively.
Participants were on first-line ART with a median follow
up time of 45.5 months (IQR: 25.5-45.5) (Table 2).

Prevalence of ART Failure

Treatment failure was assessed based on clinical and
immunological failure WHO criteria. The overall preva-
lence of ART failure was 12.5% (95% CI: 7.88, 17.12).
Among participants with failure, 18 (72.0%), 4 (16.0%),
and 3 (12.0%) had clinical, immunological, and both
immunological and clinical failure, respectively. The
mean time to develop treatment failure after initiation of
the first-line regimen was 22.28 + 24.00 months with
a range from 6 to 37 months. The majority, 16 (64%) of
treatment failures had occurred among clients who were
on ART for >12 months.

Factors Associated with Treatment
Failure

Bivariate and multivariate analysis was conducted to deter-
mine predictor variables of treatment failure. In bivariate
analysis male children, children infected with opportunistic
infection (TB) at baseline, children on ART for a long period
(>36 months), children with ZDV+3TC+NVP/EVF initial
regimen, children with a long time lag since HIV diagnosis
and start of ART (>12 months), children with regimen
change were significantly associated with treatment failure.
Being male (AOR= 3.15; 95% CI: 1.18-8.39), children
infected with opportunistic infection (TB) at baseline
(AOR= 237; 95% CI: 1.23-8.84), being on ART for
a long period (>36 months) (AOR= 1.47; 95% CI: 1.34—
2.89), regimen change (AOR=9.22; 95% CI: 3.36-25.03)
were significantly associated with treatment failure in multi-
variable logistic regression analysis model (Table 3).
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Table 2 Clinical and Treatment-Related Characteristics
Specialized Referral Hospital from 2005 to 2017

of HIV-Infected Children Who Were on ART at University of Gondar

Characteristics Category Frequency Percentage
Eligibility criteria for ART initiation Clinical only 70 35.0
CD4 only 50 25.0
Both clinical and CD4 80 40.0
Year of ART start 2005-2012 105 525
2013-2017 95 47.5
WHO clinical stage Stage | &l 129
64.5
Stage Ill &IV 71 355
Functional status Working/appropriate 89 44.5
Ambulatory/delayed 105 525
Bed driven/regression 6 3.0
TB treatment history Yes 18 9.0
No 182 91.0
INH preventive therapy on ART initiation Yes 8 4.0
No 192 96.0
Ols on ART initiation Yes 7 35
No 193 96.5
Initial regimen AZT + 3TC+ NVP 49 245
ZDV+3TC+NVP/EVF 130 65.0
TDF+3TC+EVF 21 10.5
Duration on ART (months) <36 80 40.0
>36 120 60.0
Time lag since HIV diagnosis and start of ART Same month 36 18.0
1-12 months 110 55.0
>12 months 54 27.0
Regimen change Yes 54 27.0
No 146 73.0
Base line weight at ART initiation <I5 kg 118 59.0
>15 kg 82 41.0
CD4 count at ART initiation <200 cells/mm3 26 13.0
>200 cells/mm3 174 87.0
Anemia at ART initiation Yes 75 375
No 125 62.5
(Continued)
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Table 2 (Continued).

Characteristics Category Frequency Percentage
Current CD4 count <200 cells/mm3 | 0.5

>200 cells/mm3 199 99.5
ART adherence Good 193 96.5

Poor 7 35

Abbreviations: ART, antiretroviral therapy; CD, cluster of differentiation; INH, isoniazid prophylaxis; HIV, human immunodeficiency virus; Ols, opportunistic infections; TB,
tuberculosis; WHO, World Health Organization; AZT, zidovudine; 3TC, lamivudine; NVP, nevirapine; D4T, stavudine; TDF, tenofovir; EFV, efavirenz.

Discussion
The increased availability of ART has led to dramatically
improved survival rates and lowered the incidence of
opportunistic infections in people with HIV. Even though
ART are not a cure for HIV, it prevent HIV from multi-
plying rapidly, and at the same time, boost the body’s
immune system and increase the quality of life.'®

In the current study, the prevalence of ART failure
among children was 12.5% (95% CI: 7.88, 17.12), clinical
failure was the most common followed by immunologic
failure with only a small proportion having both clinical
and immunologic failure. The current finding is consistent
with the finding reported at four ART center hospitals;
Addis Ababa (14.1%),'"” Amhara Region Referral
(12.19%),'*
(11.5%),° and current systematic review and meta-
analysis in Ethiopia (15.3%).>' On the other hand, the
finding is lower than the prevalence reported in the pre-

Hospitals Jimma University Hospital

vious study conducted in University of Gondar specialized
referral Hospital (18.2%),”* Tikur Anbessa Specialized
Hospital (22.6%),23 Fiche and Kuyu hospital in the
Oromia region (18.9%),** Ghana (29%),”> Tanzania
(57%),?® and Uganda and Mozambique (29%).>” The pos-
sible explanation could be the current study does not
include virological failures as viral load testing is not
routinely available; this could underestimate the greater
impact of virological failure. The mean time to develop
treatment failure after initiation of the first-line regimen
was 22.28 + 24.00 months, which is similar to study done
in Addis Ababa, Ethiopia (19.7+14 months).”® On the
contrary, it is less than the study done in Fiche and Kuyu
hospital in Oromia region (41 + 24.96 months)** and
longer than the study conducted in South Africa®® and in
Malawi.>® Frequent machine failure to determine CD4 cell
count and viral load testing service to support diagnosis
and lack of trained health care providers to identify early

evidence of treatment failure could be the possible factors
contributing to the delay.

This research identifies that children with opportunistic
infections like TB have higher odds of first-line ART failure
(AOR=2.37, 95% CI: 1.23-8.84), which is in line with pre-
vious studies conducted in the University of Gondar specia-
lized referral Hospital, > Jimma University Specialized
Hospital,>' and four ART center hospitals in Addis
Ababa.'” The possible explanation could be that people liv-
ing with HIV and with TB have confounding factors such as;
overlapping drug toxicities, exacerbation of side effects,
reduce adherence to prescribed medication, and immune
reconstitution inflammatory syndrome.*” TB weakens the
immune system, which in turn facilitates viral replication.*
HIV-infected patients with opportunistic infection may inter-
rupt the time of taking a drug, lost follow-up, and other triple
problems that lead to HIV treatment failure.

The other factor associated with treatment failure in
this study was sex. Being male has higher odds of ART
failure (AOR= 3.15; 95% CI: 1.18-8.39), which is similar
to a previous study conducted in Senegal®* and Uganda.*
The possible reason suggested by Penot et al related to sex
differences in pharmacokinetics and pharmacodynamics
profiles of antiretroviral drugs. Higher concentrations of
ART drugs which favor virological efficacy have been
observed in female than male.*

The risk of treatment failure was nine times higher among
patients those changed ART regimen as compared to those
who did not change ART regimen (AOR = 9.22: 95% (3.-
36-25.03)). This finding was in agreement with previous
studies conducted in Ethiopia'**'**27 and Malawi.*® This
might be due to the patient clinical background/condition that
may force them to change the regimen.

Children who had been on long-duration of ART treat-
ment had a higher risk of treatment failure than their
counterparts (AOR=1.47: 95% (1.34-2.89)). This finding
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Table 3 Logistic Regression Analysis of Treatment Failure and Explanatory Variables Among HIV-Infected Children Who Were on
ART at University of Gondar Specialized Referral Hospital from 2005 to 2017

Characteristics Category Treatment Failure COR (95% CI) AOR(95CI)
Yes N (%) | No N (%)

Sex Male 14 (16.9) 69 (83.1) 1.96 (0.84-4.46) 3.15 (1.18-8.39)*
Female 11 (9.4) 106 (90.6) I* I*

WHO clinical stage on initiation Stage | and Il 13 (10.1) 116 (89.9) I* -
Stage Ill and IV 12 (16.9) 59 (83.1) 1.82 (0.78-4.23) 1.14 (0.39-3.26)

TB treatment history Yes 5(27.8) 13 (72.2) 3.12 (1.01-6-65) 2.37 (1.23-8.84)*
No 20 (11.0) 162 (89.0) I* I*

Initial regimen AZT + 3TC+ NVP 7 (143) 42 (85.7) 1.58 (0.30-8.34) -
ZDV+3TC+NVP/EVF | 16 (12.3) 114 (87.7) 1.34 (0.28-6.27) -
TDF+3TC+EVF 2 (9.5 19 (90.5) I*

Duration on ART (months) <36 7 (8.8) 73 (91.3) I* I*
>36 18 (15.0) 102 (85.0) 1.84 (0.73-4.63) 1.47 (1.34-2.89)*

Time lag since HIV diagnosis and start of ART | Same month 3(83) 33 (91.7) I*
1-12 months 13 (11.8) 97 (88.2) 1.47 (0.39-5.45) -
>12 months 9 (16.7) 45 (83.3) 2.20 (0.55-8.76) -

Regimen change Yes 17 (31.5) 37 (68.5) 7.92 (3.17-19.80) | 9.22 (3.36-25.03)*
No 8 (5.5) 138 (94.5) I* I*

Notes: |* indicates the constant category, * indicates the significant level at p<0.05.

Abbreviations: AOR, adjusted odds ratio; ART, antiretroviral therapy; COR, crude odds ratio; Cl, confidence interval; HIV, human immunodeficiency virus; TB,
tuberculosis; WHO, World Health Organization; AZT, zidovudine; 3TC, lamivudine; NVP, nevirapine; D4T, stavudine; TDF, tenofovir; EFV, efavirenz.

was in line with previous studies conducted in

11,37,38 39

Ethiopia and Bangalore.”~ The possible reason
could be if the duration of ART increases, the emergence
of HIV-drug resistance mutation and persistent HIV- repli-
cation occurred.***! Besides, as the duration of ART
increases, the likelihood of poor adherence, drug interrup-
tion, and drug side effects also increases. Thus, a high
burden of a drug-resistant virus with an increased viral
load is expected among patients with more months than
with lesser months on ART.?”**! Those who took the drug
for a long duration of time may develop drug side effects
and resistance easily.

The study found that only a small proportion (3.5%) of
the children had poor adherence to ART regimens. In this
study, poor adherence is not significantly associated with
treatment failure which is against other findings from
Ethiopia,”*** Tanzania,” and Uganda.** A study done by
Sibhat et al revealed that poor adherence was a risk factor

for treatment failure because a high level of adherence is

necessary to suppress viral replication and improve immu-
nological and clinical outcomes which in turn decrease the
risk of developing drug resistance to HIV.** The high
adherence rate in the current study which could be
explained by the retrospective nature of the study is
affected by infrequent measurements, lost pills, and dis-
card pills.

Limitation of the Study

Since the study was a retrospective study; the data were
extracted from routine medical records may have been
incomplete, inconclusive, or inaccurate. Deaths, dropouts,
and transfer out patients were not included and this could
have biased our estimates. Lack of a viral load test may also

potentially limit magnitude of treatment failure in this study.

Conclusion
There is a significant magnitude of ART failure among
children in the study area. Clinical failure was the most
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common followed by immunologic failure with only a small
proportion having both clinical and immunologic failure.
Being male, being on ART for a long period, regimen
change, and being infected with opportunistic infection
(TB) at initiation has identified the independent significant
factors of treatment failure in children living with HIV/
AIDS after initiation of ART by this study. Therefore, timely
and early identification of associated factors and monitoring
ART treatment failure should be done to enhance the benefit
and to prevent further complications.

Abbreviations

AIDS, acquired immunodeficiency syndrome; AOR,
adjusted odds ratio; ART, antiretroviral therapy; CD,
cluster of differentiation; CI, confidence interval, COR,
crude odds ratio; Hgb, hemoglobin; HIV, human immu-
nodeficiency virus; SD, standard deviation; TB, tubercu-

losis; AZT, zidovudine; 3TC, lamivudine; NVP,
nevirapine; DA4T, stavudine; TDF, tenofovir; EFV,
efavirenz.

Data Sharing Statement

The data sets used and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.

Ethical Approval

The study was done after obtaining ethical clearance
from School of Biomedical and Laboratory Sciences,
College of Medicine and Health Sciences, University
of Gondar. The study was also done as per the declara-
tion of Helsinki.

Disclosure
The authors declare that there is no conflicts of interest in
this work.
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