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Background: Viral suppression among people living with HIV is the main goal of anti-
retroviral therapy (ART). Despite the treatment, more than four million people and over 55
thousand patients globally and in Ethiopia had virological failure respectively in 2017. The
purpose of this study was to identify determinants of virological failure among patients on
ART in central Oromia, Ethiopia.

Methods: A facility-based unmatched case—control study was conducted. Sample size was
calculated using Epilnfo software, and 504 randomly selected patient’s records were ana-
lyzed. Case to control ratio was one to one. Separate sampling frames were prepared for
cases and controls using medical registration numbers (MRN) from patients’ registrations
data. Cases and controls were selected from respective sampling frames. Respective patient
charts were traced using the MRN, and data were extracted from patient charts using data
abstraction format. The data were entered using Epilnfo version seven and analyzed using
SPSS version 20.0. Descriptive statistics and binary logistic regression were used for the
analysis. Adjusted odds ratio with its 95%CI was used to present strength association.
A P-value of <0.05 was used to determine statistical significance of the association.
Results: Age <15 years (AOR=3.72, 95%CI: 1.70-8.12), baseline CD4 count <100/mm?>
(AOR=2.31, 95%CI: 1.05-5.08), TDF-3TC-NVP regimen (AOR=2.81, 95%CI: 1.28-6.18),
nondisclosure of HIV status (AOR=6.78, 95%CI: 3.24—14.15) and history of poor adherence
(AOR=11.19, 95%CI: 5.65-22.15) were factors independently associated with virological
failure among the study participants.

Conclusion: Younger age, low baseline CD4 count, TDF/NVP containing regimen, poor
adherence, and nondisclosure of HIV status were significant determinants of virological
failure. Therefore, adherence counseling and paying due attention to patients having these
determinants are required to achieve adequate viral load suppression.
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Plain Language Summary
HIV infection has been a global public health problem for over four decades. Antiretroviral
treatment (ART) aims at controlling replication of HIV in the human body thereby prevent-
ing AIDS, the disease caused by this virus. This treatment is being given to millions of
people infected by HIV. Despite the treatment, millions of people in the world and thousands
of patients in Ethiopia having the virus are not responding to ART. The purpose of this study
was to identify factors contributing to resistance of HIV to ART in central Oromia, Ethiopia.
To the contributing factors, we compared equal number of patients with controlled viral load
(252) and those with uncontrolled viral load (252). Medical records of the patients from both
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groups were selected by lottery and data were extracted from the
patient charts using data abstraction format. We analyzed the data
using a scientifically acceptable statistical method. As a result we
found several factors contributing to the resistance of the virus.
Accordingly, younger age, low CD4 count at the start of
ART, nevirapine containing regimen, poor adherence, and non-
disclosure of HIV status were some of the factors. Therefore,
adherence counseling and paying due attention to patients having
these determinants is required to achieve adequate viral load

suppression.

Introduction

AIDS-related illnesses remain among the leading causes of
death around the globe. Every day, 5000 people are
infected and there were 1.8 million new HIV infections
globally in 2017, which is far from the target set to end
AIDS by 2030." In Ethiopia, 14,872 people died because
of HIV/AIDS and there were 247,250 AIDS orphans in
2017.* Oromia region accounts for 30% of deaths and 37%
of AIDS orphans in the country.”® The worrisome fact is
not only the risk of HIV transmission, but also the trans-
mission of the resistant virus to ART naive patients.’

In the fight against the HIV/AIDS pandemic, provision
of the ART is to achieve optimal viral suppression; that is
to less than 1000 copies per/mL of the plasma. Failure to
achieve this target viral load (VL) is known as virological
failure, which is a VL count of more than 1000 copies/mL
in two consecutive results at least three months apart.**
When the VL is adequately suppressed, damage to the
immune system will be minimized and risk of opportunis-
tic infections that leads to morbidity and mortality will
decrease.®’ Fourfold reductions in the average number of
HIV doubles survival time for the patient on ART.'® Risk
of HIV transmission is very low with optimal viral
suppression.*%!!

Despite this evidence, more than four million people
who were on ART, had unsuppressed VL and there were
about one million deaths from HIV globally in 2017."
The majority of patients on ART, but with unsuppressed
VL, have carried drug resistance mutated viruses.
Researchers reported more than 60% resistance to at
least one antiretroviral (ARV) drug among patients on
ART."*'¢ Overall ART treatment failure was 15.9%
while the virological failure was 6.3%.'” A study that
determined resistance among HIV-infected children (less
than two years) and with high VL reported 75% ARV
resistance of which 52% existed prior to ART (transmitted
resistance virus).'®

Diversified factors were associated with ART failure in
general and with the virological failure in particular.'®*
Factors that determine ART outcome may differ from one
context to another. Therefore, understanding factors that
determine the virological failure among patients on ART is
important to inform HIV/AIDS prevention and control
program stakeholders. Furthermore, as routine VL moni-
toring service expanded recently in Ethiopia and evidence
on determinants of the virological failure are scarce in
similar settings in general, and in the current study setting
in particular, this study is important to contribute to filling
the evidence gap.

Methods and Materials
Study Design, Area and Period

We employed an unmatched case—control study design
in Oromia region, central Ethiopia, from December 2018
to January 2019. Oromia is one of the HIV/AIDS epi-
demic highly affected regions in the country. At the time
of data collection, 409 health facilities provide ART
services and more than 100,000 patients were on ART
in the region.”' There were 10 high-load towns account-
ing for over 40% of clients receiving the treatment in
the region. Among clients receiving ART in the 10
towns, 58% are receiving the treatment in four high-
load towns namely, Adama, Bishoftu, Mojo, and Asela.
Catchment areas of these four towns were specific study
areas for the current study. Four hospitals and eight
health centers are providing ART services and at the
end of June 2018, 22,853 clients were receiving ART
in these towns. Adama Regional Laboratory serves as
a referral laboratory for all health facilities in the study
area to determine VL for all clients receiving the treat-
ment in the four towns.

Study Population and Eligibility Criteria

Source population for this study was all clients
enrolled for ART in the four major towns (Adama,
Bishoftu, Mojo, and Asela) during the study period,
while study population was patients enrolled for the
services and had documented viral loadVL result from
October 1, 2017 to September 30, 2018 in the regional
reference laboratory. Cases were those patients on ART
for more than six months and with VL not reduced to
the target (plasma viral load of >1000 copies/mL) on
two consecutive tests with a three-month interval with
adherence support.® These include all patients who
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failed to attain the target including those who had
inadequate VL suppression (reduced VL but still
above the target), constant VL above the target and
those with increased VL. The controls were those
patients with adequately suppressed VL, that is to the
plasma VL of <1000 copies/mL on routine viral load
test done in one year prior to the data collection
(October 1, 2017 to September 30, 2018).*

Sample Size Determination and Sampling

Procedure

Sample size was calculated using Epilnfo StatCalc an
unmatched case—control formulae.*> Assumptions such as
95%CI 80% power and one-to-one case-to-control ratio
were used in the sample size determination. Four determi-
nants of virological failure identified in other studies, such as
younger age group, longer duration on ART, low CD4 count
and not receiving single tablet daily regimen were used as
determinant variables. These determinants were among those
reported in studies in in the country and in other similar
African countries.'®****727 Under the assumptions, calcula-
tion using the variable “five year or more duration on ART”
gave largest sample size; that was 504 and consequently, 252
cases and 252 controls were included in this study.

From the 12 ART sites in the study area, five health
facilities namely, Adama and Bishoftu Hospitals, Geda, St
Fransico, and Mojo health centers were randomly selected.
All of these health facilities send collected samples for VL
test to Adama Regional Laboratory, where data clerks
record the unique ART number, name of referring health
facility, test result, and many more variables. From that
database, a list of routine viral load tests done from
October 1, 2017 to September 30, 2018 for the selected
ART sites was generated.

Two sampling frames, one for cases and the second for
controls were prepared using the unique ART number. For
the cases, a list of all patients recorded as having virolo-
gical failure was prepared separately. Then a list of all
patients who achieved the target viral suppression was
prepared. Both samples of cases and controls were
selected by random sampling technique using
SPSS software from respective sampling frames.”®
Names of the health facilities and unique ART number
of selected patients were used to obtain patient charts from
each health facility to extract additional variables which

were not available at the regional laboratory.

Study Variables

Virological failure, a persistent VL exceeding 1000 copies/
mm® based on two consecutive tests within a three-month
interval after at least six months of ART, was the outcome
variable of the study. Sociodemographic characteristics
such as age, sex, educational level, religion, marital status,
residence, and other clinical characteristics such as tuber-
culosis co-infection, WHO clinical stage at initiation,
baseline CD4 cell count, first-line regimen given, and
duration on ART, nutritional status, ART adherence and
history of ART regimen change were the independent
variables of the study.

Data Collection Procedure

Data extraction form was developed by the investigators
after reviewing national comprehensive ART guidelines,
available recording and reporting formats at the ART
clinics and extensive literature review.* Eight degree-
level health professionals were recruited to extract data
from patient folders. They have basic ART training and
experience of working in the ART clinics. Lists of selected
patient unique ART number and their respective health
facility names were given to the data collectors. They
extracted required data elements from patient charts
using the tool under close supervision of the authors of
this paper.

Data Quality Assurance

The data collection tool was pretested for its comprehen-
siveness before the actual data collection and necessary
amendments were made. Experienced health professionals
were used for the data collection and were trained on the
tool before the commencement of the data collection.
There were daily checking of the completed tool and
debriefing sessions by supervisors to the data collectors
to ensure quality of the data. Supervisors have also ran-
domly selected patient charts and checked against the
completed data extraction tool.

Data Processing and Analysis

Data were entered in to computer using EPIInfo version
seven and analyzed using SPSS version 20.0.%%*%
Descriptive statistics were computed to report the demo-
graphic and clinical characteristics of cases and controls.
Bivariate analysis was performed to assess for a crude
association between the independent and the outcome

variables. Variables with a P-value of <0.25 at the
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bivariate analysis were selected for the final model.*’
Multivariable binary logistic regression modeling was
used to identify independent determinants of virological
failure. Hosmer—Lemeshow goodness-of-fit test was
used to assess model fitness (P-value was 0.243) imply-
ing that the model fits the data.*’

between the independent variables was also checked.

Multicollinearity

Tolerance of <0.1 was considered to indicate the exis-
tence of multicollinearity and removed one of the colli-
near variables from the model.*° Finally, variables that
have a strong association with the virological failure
were identified based on the odds ratio with its 95%
CI. A P-value <0.05 was used to declare statistical
significance.

Ethical Consideration

This study was approved by Adama Hospital Medical
College Institutional Review Board and it was con-
with the
Helsinki. Individual study participant’s consent was

ducted in accordance Declaration of
waived by the review board as the data source of
medical records of patients. Permission letters to the
selected health facilities were obtained from Oromia
Regional Health Bureau. Permission was also secured
from respective health facility leaders and all data were
anonymously registered using codes without personal
identifiers such as names of the patients. The data were
kept confidential throughout the process of the study
and individuals based analysis of data was made in the
current study.

Results

Sociodemographic Characteristics

Five hundred and four participants, 252 cases and 252
controls were included in this study. The median ages
were 29 years (IQR=18-35) and 34 years (IQR=28-40)
for cases and the controls respectively. Nearly a quarter of
the cases, 60 (23.8%) and 17 (6.7%) of the controls were
younger than 15 years of age at enrolment to ART
(Table 1).

Clinical Characteristics

The baseline median CD4 counts of cases and controls
were  175/mm®>  (IQR=99-291) and  223/mm’
(IQR=135-343) respectively. Slightly over half 142
(56.3%) of the cases were presented to care with WHO
disecase stage of III or IV, while 116 (46.0%) of the

Table | Sociodemographic Characteristics of Patients Receiving
ART in Central Oromia, Ethiopia, 2018

Variables Cases Controls
N (%) N (%)

Age (at enroliment)

<I|5 years 60 (23.8) 17 (6.7)

2|5 years 192 (76.2) 235 (93.3)
Sex

Female 152 (60.3) 155 (61.5)

Male 100 (39.7) 97 (38.5)
Marital status

Married 85 (33.7) 132 (52.4)

Divorce 33 (13.1) 32 (12.7)

Widowed 40 (15.9) 37 (14.7)

Never married 94 (37.3) 51 (20.2)
Religion

Orthodox 204 (81.0) 208 (82.5)

Muslim 22 (8.7) 26 (10.3)

Protestant 21 (8.3) 17 (6.7)

Other 5(2.0) | (0.4)
Level of education

No education 75 (29.8) 66 (26.2)

Primary 100 (39.7) 106 (42.1)

Secondary 59 (23.4) 58 (23.0)

Tertiary 6 (2.4) 19 (7.5)

Other 12 (4.8) 3(1.2)
Residence

Urban 181 (71.8) 210 (83.3)

Rural 71 (28.2) 42 (16.7)

controls were in this category at the time of enrollment.
Proportion of the study participants with a history of TB
among case and control were 24% and 23% respectively,
while 23.4% of the controls and 33.7% of the cases had
some form of malnutrition at baseline (Table 2).

Antiretroviral Treatment-Related

Characteristics

The median number of months that the study participants
were on ART was 88 months (IQR=64-121) for cases and
84 months (IQR=54-114) for the controls. The commonest
regimen for controls and cases was TDF-3TC-EFV, 50.4%
and 24.6% respectively. There were a higher proportion of
participants among cases 145 (57.5%) with history of regi-
men shift or substitution, while only 70 (27.8%) control
had a similar history (Table 3).
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Table 2 Clinical Characteristics of Patients Receiving ART in
Central Oromia, Ethiopia, 2018

Variables Cases Controls
N (%) N (%)

CD4 (baseline)

<100 60 (23.8) 34 (13.5)

100-199 71 (28.2) 68 (27.0)

200-349 67 (26.6) 82 32.5)

2350 37 (14.7) 56 (22.2)

Not documented 17 (6.7) 12 (4.8)
WHO Stage (baseline)

Stages | and& Il 110 (43.7) 136 (54.0)

Stages Il and IV 142 (56.3) 116 (46.0)
Recent TB screening

Positive 8 (3.2) 2 (0.8)

Negative 244 (96.8) 250 (99.2)
History of TB Rx

No 192 (76.2) 193 (76.6)

Yes 60 (23.8) 59 (23.4)
Nutritional status (baseline)

Normal 126 (50.0) 176 (69.8)

Malnutrition 85 (33.7) 59 (23.4)

Not documented 41 (16.3) 17 (6.7)

Table 3 Antiretroviral Medication-related Characteristics of
Patients Receiving ART in Central Oromia, Ethiopia, 2018

Variables Cases Controls
N (%) N (%)
Duration on ART
<5 years 56 (22.2) 79 31.3)
>5 years 196 (77.8) 173 (68.7)
Regimen type
TDF-3TC-EFV 62 (24.6) 127 (50.4)
TDF-3TC-NVP 26 (10.3) 24 (9.5)
AZT-3TC-EFV 21 (83) 29 (11.5)
AZT-3TC-NVP 58 (23.0) 67 (26.6)
Other 85 (33.7) 5(2.0)
Regimen shift or substitution
No 107 (42.5) 182 (72.2)
Yes 145 (57.5) 70 (27.8)

Behavioral Characteristics

Regarding disclosure of HIV status of the study participants,
the majority, 205 (81.3%) of the case and 238 (94.4%) of the
controls had documented disclosure of their HIV status. This

shows that disclosure among cases was more than 10%
lower than that of the controls. Regarding the adherence,
91 (36.1%) of the cases and 15 (6.0%) controls had a history
of poor adherence, that is adherence level of <85%.
Congruent with the disclosure status, poor adherence was
>30% higher among cases than the controls.

Factors Associated with Unsuppressed
Viral Loads

In the binary logistic regression analysis where cases were
coded to “1” and controls were coded to “0”, age, resi-
dence, WHO stage (baseline), baseline CD4 count, nutri-
tional status, duration on ART, type of regimen, history of
regimen shift/substitution, disclosure status and history of
poor adherence came out to have a P-value <0.25 and
became candidate variables for the final regression
model. When adjusted for potential confounders in the
final model, the multivariable logistic regression, age <15
years, baseline CD4 <100/mm>, TDF-3TC-NVP regimen,
nondisclosure of HIV status and poor adherence came out
to be independent determinants of unsuppressed VL or
failure in adequate suppression of the VL.

Accordingly, odds of failure in the adequate suppression of
VL was almost four times higher (AOR=3.71, 95%CI:
1.7-8.1) among children aged <15 years at enrollment com-
pared to older patients. Starting ART after CD4 count
decreased was associated with failure in adequate suppression
of the VL; patients with baseline CD4 counts <100/mm” had
higher odds (AOR=2.31, 95%CI: 1.1-5.1) of the unsuppressed
VL compared to those patients with baseline CD4 >350/mm?>.
In addition, patients who were taking TDF-3TC-NVP had
nearly three times higher odds (AOR=2.81, 95%CI: 1.3-6.2)
of having unsuppressed VL compared to those treated with
TDF-3TC-EFV; and also, patients who did not disclose their
HIV status to others had more than six times higher odds
(AOR=6.77, 95%CI: 3.2-14.2) of unsuppressed VL compared
to their counterpart. Furthermore, adherence status is another
variable with a significant association with unsuppressed VL;
patients who had a history of poor adherence had higher odds
(AOR=11.19, 95%CI: 5.7-22.2) of having unsuppressed VL
compared to those who had fair-to-good adherence status
(Table 4).

Discussion

Our finding revealed that children (age <15 years) had
higher odds of unsuppressed VL compared to those >15
years. This result is consistent with studies done in Uganda

HIV/AIDS - Research and Palliative Care 2020:12

submit your manuscript

935

Dove


http://www.dovepress.com
http://www.dovepress.com

Abdullahi et al

Dove

Table 4 Determinants of Virological Failure Among Patients on ART in Central Oromia, Ethiopia, 2018

Case Control COR (95%Cl) AOR (95%Cl)
N (%) N (%)

Age

2|5 years 192 (76.2) | 235 (93.3) 1.00 1.00

<I5 years 60 (23.8) 17 (6.7) 4.32 (2.44-7.65) 3.71 (1.7-8.1)**
CD4 (baseline)

=350 37 (14.7) 56 (22.2) 1.00 1.00

<100 60 (23.8) 34 (13.5) 2.67 (1.5-4.8) 2.31 (1.1-5.1)*

100-199 71 (28.2) 68 (27.0) 1.58 (0.9-2.7) 1.41 (0.7-2.9)

200-349 67 (26.6) 82 (32.5) 1.24 (0.7-2.1) 1.04 (0.5-2.1)

Not documented 17 (6.7) 12 (4.8) 2.14 (0.9-5.0) 0.55 (0.1-2.2)
Regimen type

TDF-3TC-EFV 62 (24.6) 127 (50.4) 1.00 1.00

TDF-3TC-NVP 26 (10.3) 24 (9.5) 222 (1.2-4.2) 2.81 (1.3-6.2)**

AZT-3TC-EFV 21 (8.3) 29 (11.5) 1.48 (0.8-2.8) 1.19 (0.5-2.7)

AZT-3TC-NVP 58 (23.0) 67 (26.6) 1.77 (1.1-2.8) 1.18 (0.6-2.3)

Other 85 (33.7) 5 (2.0) 34.82 (13.4-90.2) 3591 (11.7-110.1)
Poor adherence

No 161 (63.9) | 237 (94.0) 1.00 1.00

Yes 91 (36.1) 15 (6.0) 8.93 (5.0-16.0) 11.19 (5.7-22.2)%*
Disclosure status

Disclosed 205 (81.3) | 238 (94.4) 1.00 1.00

Not disclosed 47 (18.7) 14 (5.6) 3.89 (2.09-7.28) 6.77 (3.2-14.2)%**

Notes: *P-value less than alpha (0.05), **P-value less than 0.01, ***P-value less than 0.001. All results reported in this final model were adjusted for all the variables in the

table.
Abbreviations: AOR, adjusted odds ratio; COR, crude odds ratio.

and South Africa.*®?” Our practical experience in Ethiopia
shows that 78% of children younger than 10 years are
being treated with NVP-containing regimens, and the
majority of the children included in this study were also
receiving NVP-based regimen, which is nonoptimal and
although not preferred as first-line ARV regimen.’' It
is recommended to use LPV/r-based regimen for younger
children since it is superior to NVP-based regimens in
long-term virological suppression.**2* There is also
a high level of drug resistance (most of this is non-
nucleotide reverse transcriptase inhibitor resistance)
reported among children, which will affect the virological
suppression.” Moreover, the formulation of LPV/r cur-
rently available in Ethiopia is the liquid one, which has
a bitter taste, and can affect the adherence of the children
to treatment. The other possible explanation for higher
odds of unsuppressed VL among children could be a gap
with adjusting the ARV dose as children grow fast and

continuously. If the dose is not adjusted when weight
increases, the concentration of the drug will be suboptimal
and unable to control viral replication. In addition, chil-
dren who attend school might not follow the medication
schedule on weekdays.

The other determinant of having unsuppressed VL was
baseline CD4 <100/mm>. This is similar to study in South
Africa that showed an association between CD4 cell count
of less than 100/mm’
VL.?® Similar result was also reported in a study done in

at ART start with unsuppressed

Vietnam that showed an association between unsuppressed
VL with lower CD4 cell count.”” A study from western
Kenya also revealed higher odds of treatment failure
among patients with low baseline CD4.%*

Researchers identified higher odds of unsuppressed VL
among children who were treated with TDF-3TC-NVP
regimens compared to those on TDF-3TC-EFV. This
could be due to the palatability of the preparation, since

936 submit your manuscript
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TDF-3TC-EFV formulation is a fixed-dose combination of
a single pill taken once daily. A study from Vietnam
showed an association between the fixed-dose (single
tablet daily) regimen with suppressed VL.**> Other studies
also showed that, from non-nucleoside reverse transcrip-
tase inhibitor, efavirenz use was associated with better
virological outcome compared to nevirapine.*>**

Patients with poor adherence had more than 10 times
higher odds of unsuppressed VL compared to those with
good adherence. This is also consistent with the results
reported by other research. Studies from Uganda, Kenya,
Cameron and Haiti have consistently shown increased odds
of high VL among those with poor adherence.'**’>° High
viral load among those with poor adherence occurs for the
obvious reason, that optimal drug concentration is needed to
control viral replication. It is reported that adherence at or
above 95% is required for durable viral suppression.®®

The other important predictor of high viral load identified
in our study was disclosure status. Those who did not dis-
close their status to others had higher odds of unsuppressed
VL. This is mainly due to difficulty in adherence to treatment
and follow-up among those who did not disclose their status.
Those who disclosed reported more responses of support,
encouragement, and lower depression, which can have an
indirect positive effect on treatment outcome.>’~* Whereas,
a study done in the UK showed no effect of disclosure on the
outcome of the treatment. This discrepancy could be due to
differences in setup (with relative ease of good adherence to
ART without the need to disclose in the UK) and variation in
the characteristic of the population studied in the two
settings.*® For children, disclosure of HIV status to the chil-
dren themselves has a health benefit, including increased
adherence to treatment and higher odds of retention among
disclosed.***! This could be another reason for the difference
in odds of viral suppression among those to whom the status
was disclosed and to whom it was not.

In this study, sex of the study participants did not come
out as independent determinant of virological failure; and
this is consistent with a previous study.”> In contrast to
some previous studies, variables such as history Tb co-
infection, baseline nutritional status, duration on first-line
ART were not significantly associated with virological

19,23,27,42 This

failure in our study. difference could signify

difference of the determinants from one context to another.

Limitations of the Study
In this study, we were able to identify several determinants

of wvirological failure; yet we acknowledge some

limitations of the study at the same time. One of the
limitations was the fact that we used existing routinely
recorded facility data. As a result, we failed to capture
some potentially important variables either due to missing
records or the variables may not be required for patient
care purposes. Therefore, we were not able to include
some of the variables that we planned to analyze.
Furthermore, although the study setting was an area with
a high patient load, generalization of the results to more
peripheral settings of the region should be done with
precaution. Nevertheless, given good data collection pro-
cedure, design of the study and modeling, the result of this
study remains important for scholars and program
implementers.

Conclusion

Younger age (<15 years), low baseline CD4 count (<100/
mm®), nevirapine-based regimen, nondisclosure of HIV
status and history of poor adherence were independent
determinants of virological failure among patients on
ART in the current study setting. Therefore, all HIV/
AIDS program stakeholders should pay due attention to
patients with these identified determinates. Furthermore,
we recommend researchers to conduct more comprehen-
sive research that can address the limitations of this study.
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