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Abstract

The global rapid scale up of access to antiretroviral treatment (ART) that has saved millions of
lives of individuals infected with HIV through a durable and maximal viral suppression. However,
achieving a 95% target of viral suppression to end the HIV epidemic demands close monitoring of

clients on first line ART.

A nested case—control study design was used to investigate risk factors for viremia and virologic
failure (VF) among HIV infected individuals (18 years and above) on first line ART for one or
more years. All individuals initiated on first line ART from January 2015 to December 2019 were
identified from the electronic medical records and clients with viremia and VF (cases) and without
viremia (controls) were included in the study. The study protocol was reviewed and approved by
the University of the Western Cape Biomedical Research Ethics Committee and Eswatini Health
and Human Research Review Board. A secondary data from-the electronic health information
database was imported to an Excel database and exported to SPSS version 27 for analysis after

data cleaning procedures.

A nested population of 6129 individuals above the age of 18 years initiated on first line ART
regimen were identified; of these 374 had viremia (>1000copies/mL) and 5755 had no viremia
(<1000copies/mL). This sample size was more than the calculated for the study that provided a
good statistical power and effect size. Among the study participants 63% were women, 94% were
initiated on efavirenz based regimen and the mean and median age of participants were 38 and 36
years respectively and data skewed positively (statistic 0.843 SE0.031).

The baseline CD4 count was below 350cells/uL in 63.7% of participants suggestive of moderate
to severe immune deficiency and 53% were on ART for over four years. The mean viral load was
significantly lower among females compared to males (p-value=0.009; student t-test=1.3;61df),
which also varied by CD4 count for both sexes with a statistically significant (p-value=0.014;
F=3.3 df =3) variability for males compared to females. The viral load decreased as the CD4 count
increased (p-value=0.006, df 3 F=4); the adjusted odds ratio of viremia was statistically significant
(P value<0.001; CI 0.279-0.826) for different categories of the CD4 count. The mean duration to
develop viremia while on DTG, EFV and NVP based regimens were 59, 70 and 69 months

respectively.
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In conclusion, males had higher probability of developing viremia because of late presentation and
the baseline CD4 count was a strong predictor of viremia and VF independent of sex. The BMI,
WHO clinical staging, duration on ART and the ART regimen did not predict viremia and VF.
The Eswatini HIV treatment program achieved a high virologic suppression although the
proportion was less than the 95% target. These findings can be used to monitor progress of the

national strategic plan to achieve HIV epidemic control and attainment of the 95-95-95 targets.
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Definitions of key terms

e Viremia: a plasma Viral Load L >1000 copies/mL suggestive of unsuppressed viral load

e Virologic failure (VF): Plasma viral load above 1000 copies/ ml based on two consecutive
viral load measurements after 3 months, with adherence support. The patient must be taking
ART for at least 6 months

e Treatment failure: the HIV virus is multiplying in the face of ARVs resulting in immunologic
and clinical worsening.
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1. Study Background

This chapter describes ideas for the thesis, as well as the context of the study. The chapter also
includes the justification for the study and how the research topic was developed to determine the
main research problem that deserved investigation. The chapter clearly shows what research

question the thesis hopes to answer or hypothesis it aims to investigate.

1:1 Introduction

Mortality and morbidity from infection with human immune deficiency virus (HIV) have reduced
remarkably following the advent of antiretroviral treatment (ART). This reduction is mainly due
to the rapid scale up of access to antiretroviral treatment (ART) globally that enrolled millions of
individuals infected by HIV. By the end of 2019, 21.7 million individuals were on ART of which
59% were from sub-Saharan Africa (UNAIDS, 2019). This unprecedented public health program
was a result of universal access to quality HIV clinical care and the attainment of durable and

maximum viral suppression.

The Joint United Nations Program on HIV/AIDS (UNAIDS) and other key stakeholders revised
the targets to end the HIV epidemic as a public health threat by 2030 (WHO, 2018). Initially,
targets were set to diagnose 90% of HIV infected individuals accompanied by ART initiation for
90% of them and maintain 90% viral suppression by 2020. These targets were later revised to
95/95/95 by 2030 (UNAIDS, 2016).

Viral suppression is vital because HIV viremia can lead to depletion of the CD4 T-cells and
development of opportunist conditions, which will be further complicated by regimen switching
to second-line ART (Kumar et al., 2016). Viremia, using a public health approach, is defined as
viral load results >1000copies/ml; likewise, virologic failure denotes two consecutive plasma viral
load results >1000copies/ml after the patient is provided enhanced adherence counseling over 12
weeks. A first time viremia of >1000copies/ml may not necessarily be due to virologic failure
(WHO, 2016). In resource rich settings, the definition of HIV viremia is viral load > 50 copies/ml
while persistent viremia refers to two successive viral load test result > 50copies/ml (Revell A., et
al., 2019).

According to the National ART program data in Eswatini, the proportion of individuals with viral
load suppression while on first line ART is over 95% (PEPFAR, 2020). Likewise, the Swaziland’s

HIV Incidence Measurement Survey-2 (SHIMS-2) data showed a viral suppression rate of 93.3%
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among study participants aged 25 years and older who self-reported taking ART (SHIMS, 2019).
Routine viral load monitoring is recommended at six months, 12 months and every 12 months then
after to assess poor adherence and early ART failure respectively (WHO, 2016). Since April 2017,

viral load testing is routinely available for clients enrolled on ART across the country.

Eswatini started providing universal access to ART for all PLHIV in 2010 and the service was
accessible in public and private health facilities. The eligibility criteria for ART initiations was
revised several times until 2016 when ART initiation strategy called “Test and Start” was
implemented regardless of CD4 count. The preferred first line ART regimen was comprised of
tenofovir, emitristabine/lamivudine and efavirenz combination until October 2018 when
dolutegravir was included as the preferred first line regimen (MOH, 2018).
1:2 Justification of the study

This study maximizes the benefits derived from routinely collected data overtime and using a
nested case control research design to answer the research questions thus avoiding a complicated
research design from a representative sample, which is usually the case in population based
surveys. The routinely collected data from the Health management information system (HMIS)
overcomes the need for control groups, which is a requirement in randomized control trails. The
time-series nature of HMIS data allow comparison.of-the baseline findings with the subsequent
outcomes across the interventions and produce opportunity to.measure the correlations or causal
relationships of the interventions with the health outcomes. Repeated measurements at defined
time interval can provide trends and distributions of viremia and the high coverage of HMIS data
can provide additional opportunity to investigate the casual relationships between interventions
with health outcomes. Finally, the time series nature of data from HMIS can be useful for
prediction of the future thus can be critical for resource mobilization and planning (McCleany and
Hay, 1980).
Routine health information is defined as data that are continuously collected, stored, analyzed and
disseminated to help decision making and improvement of services. Unlike data generated by
population based periodic surveys and formal research, routine data is generated from a system
deliberately designed to monitor the health service delivery. Surveys are considered to be the gold
standards to generate data on determinants of health and to evaluate capacity of health systems and
impacts of health services; however, data generated routinely from the HMIS are readily available

at any time that could be used for decision-making, monitoring of quality of service delivery,
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monitoring of programs and reporting progress towards achieving targets (Wagenaar BH., et al,).
The repeated observations captured in real-time by the HMIS over extended period of time from
all health facilities using key performance indicators of services can be exploited using robust
research designs as proposed in this study to measure associations of risk factors for viremia and

virlogical failure.

1.3 The Eswatini HMIS
Data on clinical services provided for clients on ART are recorded and stored in the health

information system (HMIS) using an onsite electronic system. The HMIS routinely collects data
on demographic characteristics and clinical variables at baseline. Although the routinely collected
data could be of low quality, the use of real-time electronic data systems and the ongoing data
quality assurance measures guarantee the data quality (Mphatswe W., et al. 2012).

The HMIS in Eswatini is organized (Figurel) in.a way that essential data sets are captured and
reported by the health facilities to the regional strategic information unit, which in turn transfers
the regional aggregate data to the national data repository. The regional level information system
routinely captures, stores and transmits data to the national level on indictors that are used to
measure health services including laboratory results. Data on clinical services for clients on ART
are also recorded and stored in the HMIS using an onsite electronic system. The HMIS routinely
collects data on demographic characteristics and clinical variables at baseline including CD4
count, WHO clinical staging, ART regimen and treatment outcomes including viral load results

over the duration of clients’ follow-ups.
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Figure 1: Description of the flow of information in the HMIS (source: MOH)

1.4 Research problem
The definition of viral suppression while on ART is variable based on availability of resources and

public health approach. Inresource rich settings, VF denotes a viral load greater than 50 copies/mL
and this result suggests that the ART regimen has failed to suppress the multiplication of the virus
(Bradley et al., 2016). In the United States, the Department of Health and Human Services (DHHS)
guidelines define VF as the inability to maintain a VL below 200 copies/ mL with a
recommendation to switch regimens based on a genotype of the virus (Cutrell J., et al; 2020). The
European AIDS Clinical Society uses a stricter definition of VF when the viral load is > 50
copies/mL for 1 month and recommend changing therapy at that time. Several cohorts in high-
income countries as well as recent clinical trials have reported viral suppression rates exceeding
the 95% target (Gisslen et al., 2017). The definition of treatment success is revised as a decline in
viral load to < 50 copies/mL within 6 months of commencing ART, and sustained thereafter (N. J.
S. Dlamini, et al 2020). However, current WHO guidelines on the use of ARV drugs for HIV
treatment recommend virologic monitoring using a higher threshold >1000copies/ml for viremia
(WHO, 2016).
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Eswatini has achieved the 95/95/95 target using program data (PEPFAR, 2020); however,
treatment failure among HIV-positive clients on first-line antiretroviral therapy has not been
assessed systematically. Specifically, predictors of viremia and VVF while on first line ART requires
investigation. This study sought to generate information to identify clients who have challenges
adhering to first line ART regimen during their follow up. Such clients may require counselling
for life long treatment before the initiation of ART and personalized follow up counselling.
Further, the study sought to identify predictors of viremia and VF while on first line ART and

guide the HIV program to develop interventions and implement prevention strategies.
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2. Literature review

This chapter describes the key research concepts around which the study is organized. The findings
from literature review are also structured to avoid repeating in order to make the review clear and
succinct on what other authors found and how the various inputs contribute to the development of
the research questions investigated by the current study. The chapter concludes with the main
points that have emerged from the literature review and provides the basis for the development of
the research.

2.1 Conceptual framework

WHO defines health as a complete physical, mental and spiritual wellbeing and not the absence of
infirmity, which depends on underlying social, economic, and environmental determinants (Samba
L.G and Kirigia J.M, 2014). However, these factors operate through proximate determinants in
order to influence health. The proximate determinants of HIV infection that include behaviour
factors related to HIV transmission, adherence to treatment of HIV and opportunistic infections
can influence viral load and the ‘health outcomes of PLHIV (Lopman B. et al; 2008). This is
because the proximate determinants have direct links to the ‘biological determinants that can affect
the rate of new infections, determine the prevalence of HIV infection and progression to HIV

disease and premature death.

Risk factors for viremia and VF can produce their effect at one of several causal levels, making
interventions challenging. One suggested solution can be a proximate determinants framework, in

which risk factors are grouped into “‘underlying’’, “‘proximate’” and *‘biological’’ determinants.

The proximate determinates link the underlying risk factors with the biological factors for
development of viremia and VF; however, the proximate determinants can be influenced by
interventions that could have direct effect on biological determinants for development of viremia
and VF. The proximate-determinants conceptual framework is therefore a useful outline for studies
that include social and biological variables (Source: Boerma & Weir, 2005). The underlying and
biological determinants of the framework operate through proximate determinants with the
underlying factors affecting the biological determinants. In this particular study, the framework as

shown in figure 2 suggest the pathway analysis as a tool for describing how interventions on
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underlying and proximate variables could reduce the risk of viremia and VF by directly affecting

the biological determinants that include the potency of ARVs and mutation of the virus.

Underlying
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¥
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Socio economic
Individual level
Age
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Figure 2: Conceptual framework for predictors of viremia and persistent viremia.
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Viral load monitoring consists of measurements of the virus copies/mL of plasma sample

submitted at 6 and 12 months after initiation of ART and annual measurements are done thereafter

in case of virologic suppression. The test is done in the national and regional molecular laboratories

in Eswatini on plasma and dried blood spots of whole blood samples using the Roche COBAS
AmpliPrep/COBAS TagMan HIV-1 Test, version 2.0, or Roche COBAS 960 system (Roche, CA,

USA) and by Biocentric in a minority of cases.

2.3 Factors affecting optimal adherence to ART

A high VL result can be a product of primary resistance to the prescribed ART, inadequate ART

drug levels because of altered pharmacokinetics, such as absorption difficulties, or drug—drug
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interactions or most commonly inadequate patient adherence to treatment. However, a durable and
maximum viral suppression depends on optimal adherence to ART influenced by several clinical
and behaviour factors.

2.3.1 Behaviour factors

A meta-analysis based on 207 papers that reported on 103,836 patients showed that adherence to
ART depended on patients’ adherence self-efficacy, concerns about adverse effects of ART, and
motivation to take ART for life, satisfaction with the HIV care provider and consequence of
depressive symptoms, HIV stigma, and social support (Langebeek N. et al., 2014). A study done
in Cameroon also showed that older subjects >40 years were less likely to be non-adherent
(p<0.0001) compared to younger subjects <40 years (Fonsah J et al., 2017). A prospective study
comprising a total of 961 HIV-1-infected women who initiated ART in USA showed white women
were more likely than African American women to attain a virologic response (relative hazard
[RH] = 1.34, P = 0.005), less likely to experience viral rebound (RH = 0.76, P = 0.051), and less
likely to die (RH = 0.63, P = 0.040) over a median of 5.1 years of follow-up (Anastos K. et al.,
2005). Furthermore, lower income, smoking, current drug use and depression were also associated

with discontinuation of ART and inferior response after ART initiation (Belenky N. M. etal 2014.)

2.3.2 Baseline Clinical factors

The CD4 count at baseline can predict subsequent development of viremia and virologic failure.
A retrospective cohort study in South Africa among non-pregnant adults who initiated ART at
eight public clinics showed that the risk of viremia was lower among patients with CD4 counts
>500 cells/pL at the time of ART initiation compared to those with CD4 <500 cells/pL (adjusted
risk ratio 0.58, 95% CI 0.37 to 0.92) (Dorward J. et al., 2020). In contrast, a CD4 count below 200
cells/uL at base line among late presenters started on ART was associated with VF and
development of resistant mutations (Stirrup O. et al., 2019). A case—control study conducted in
Nigeria using data captured from an electronic medical record in a large treatment program showed
older age; longer treatment duration and lower CD4 count were associated with more than twofold
increase in VF (Ekong E. et al., 2020). A hospital based case—control study conducted in Ethiopia
among adult patients on first-line antiretroviral treatment also showed current CD4 count below
200 cells/mm?, low body mass index and poor adherence for ART treatment predicted VF (Ahmed
M. etal., 2019). A cross-sectional study in Mozambique that included 334 adults on first-line ART
for a median of 3 years showed younger age, WHO stage I11/IV at ART initiation and low ART
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adherence were associated with HIV-1 RNA >1000 copies/mL accompanied by HIV drug
resistance mutations (Rupe’rez M. et al., 2015). A similar cross sectional study from Tanzania also
showed the odds of having VF was independently associated with baseline CD4 counts of < 200
cells/pl (AOR = 8.6 (1.7 - 42.1), p = 0.008), poor adherence (p < 0.0001) and nevirapine based
regimen (p = 0.003) (Gunda D. et al., 2019).

A cohort study among individuals started on protease inhibitor-containing regimen (n=1,281)
found that HIV diagnosis for over 8 years, depression and advanced HIV disease at ART initiation
and low CD4+ T-cell count were significantly associated with clinical progression or mortality
(Villes V., et al., 2007). A study on the long-term (2—4 years) clinical and virologic outcome of an
ART programme in rural South Africa using virologic suppression (HIV-RNA < 50 copies/mL)
and failure (HIV-RNA > 1000 copies/mL) as primary and secondary endpoints respectively
showed 63% of patients (466/735) had a fully suppressed-HIV-RNA at a median of three years on
ART. Male gender, low BMI and advanced immune deficiency at baseline were predictors of
virologic failure (Barth R., et al., 2010). A study in Nigeria also showed that older age, potency of
ART regimen, lower CD4+ cell count, higher baseline viral load and suboptimal adherence
predicted VF using a threshold of 400copies/mi (Meloni S, et-al., 2016). Likewise, a low CD4
count, suboptimal adherence and history. of fever in the past week were also predictors of VF
among individuals on ART (n=2054) enrolled in the African Cohort Study (Kiweewa F., et al.,
2019) using a threshold of >1000 copies/ml.

2.3.3 ART related factors

Inadequate potency of the ART regimen also contributes to viremia and virologic failure. Variable
absorption, metabolism, poor penetration of the ART into HIV reservoirs and low genetic barriers
to drug resistance can contribute to viremia and VF (Deeks S., 2000). A study conducted in USA
has shown that the incorporation of the integrase strand inhibitors (INSTI) have high efficacy and
tolerability, and may result in rapid and durable virologic suppression compared with regimens
that contain protease inhibitors (PIs) or non-nucleoside reverse transcriptase inhibitors (NNRTIS)
(Jacobson K. and Ogbuagu O., 2017). However, efavirenze containing regimen was less likely to
lead to VF compared to nevirapine-based ART (Pillay P. et al., 2013).

In a prospective cohort study that included ART naive patients aged >17 years-old who initiated
TDF, d4T, or AZT in South Africa, TDF appeared to perform better than either d4T or AZT, with
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less drug substitution and mortality though difference in virologic suppression was not found
(Velen K., etal.,2013). In contrast, patients initiated on tenofovir in China had a significantly lower
rate of VF than those on stavudine or zidovudine (6.7 vs. 11.9 failures per 100 person-years, P =
0.013) (Cheung C., et al., 2017).

An observation study in a real life setting in Europe among patients (n=2016) who started
raltegravir, elvitegravir/cobicistat or dolutegravir with two NRTIs as first line ART regimen
showed that, 167 patients experienced treatment failure (i.e. two consecutive plasma HIV RNAs
200 copies/mL) over a median of 11 months with a 6.5% one-year probability of treatment failure
for raltegravir, 5.4% for dolutegravir and 6.7% for elvitegravir/cobicistat (P = 0.001). In addition,
patients started on elvitegravir/cobicistat had a twofold risk of developing treatment failure
compared to dolutegravir (Monforte A., et al., 2019). Another study from Brazil using real-time
HIV program data showed that introduction of dolutegravir combined with tenoforvir and
lamuvidine backbone reduced the viral load maximally compared with efavirenze (Pascom A., et
al., 2019,

Therefore, it is imperative to investigate the diverse factors that may be associated with virologic
failure dependent on the ART program setting and the local context (Huong D., et al., 2011).
Firstly, the definitions of virologic failure and viremia were diverse across many countries and a
threshold of viral load >1000copies/ml was mainly used in resource limited settings to fit in to the
current WHO definition of virologic failure. Secondly, most of the studies on factors associated
with HIV viremia were conducted in high income countries that used a lower threshold to
determine viral load suppression (Parczewski M., et al., 2017). Thirdly, the composition of first
line ART in resource rich setting included PlIs, NRRTI or ISTI that make comparisons difficult
with results from resource limited settings. Fourthly, the eligibility for ART initiation in Eswatini
were revised repeatedly until 2016 when the test and start approach and optimization of ART using
DTG were endorsed in 2018, which could affect the durability of viral load suppression. Lastly,
baseline characteristics of patients initiated on ART could vary depending on the social and
economic context including prevalence of advanced HIV disease, malnutrition and depression that
could influence occurrence of VF (Khienprasit N., et al.,2017) making comparison problematic.
In addition, patients’ optimal adherence to ART and retention in care could vary (Bangsberg D.,
et al., 2001) by locality and country of residence hence the 95% target for optimal and durable
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viral suppression may not be attainable demanding targeted interventions to optimize adherence

to ART based on country specific risk profiles (Hermans L., et al., 2020).
3. Methodology

This chapter explains the research objectives, the research design used and the rational for selecting
the design. Justifications for key concepts and variables are included as well as the data source and
data collection tools. The sampling technique and the assumptions used to calculate the samples
size are also described in the chapter including the details of data collection processes, how the
data editing and data-coding procedures were carried out and measures used to avoid bias. The
data analysis is also explained including the rationale behind the selection of analysis procedures

as well as the actual procedures used.

3.1 Aim and objectives
The aim of this study was to determine the occurrence and predictors of viremia and VF among
HIV-infected adults initiated on first line ART from January 2015 to December 2019 who were

receiving regular follow-ups in hospitals and clinics in Eswatini. The specific objectives were;
1) To determine incidence of viremia among HIV-infected adults
2) To determine prevalence of VF.among HIV-infected adults

3) To determine the association between viremia and ART combinations in the first line regimen
and clients’ clinical characteristics at the time of ART initiation

4) To determine the association between VF and ART combinations included in the first line

regimen and clients’ clinical characteristics at the time of ART initiation and duration on ART

This study provides answers to the following research questions;
+ What is the incidence of viremia and VF among individuals on first line ART?

+ What is the relationship between timing of ART initiation, duration on ART and use of
different combinations of first line ART with development of viremia and treatment

failure?

+ What factors predict viremia and treatment failure?
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3.2 The Research theoretical framework

The WHO recommends a public health approach for low and middle income countries (LMICs)
to use a higher threshold of HIV-RNA>1000 copies (WHO, 2016). This definition of viral load
ignores low level viremia and assumes it as suppression thus regimen change is not recommended
for viral load results showing 200 to 1000 copies/ml. A prospective, multicenter, open cohort
composed of HIV-positive individuals suggested that 1 in 5 study participants experienced VF (n
= 383), and 207 (54.1%) subjects were on their first ART regimen when they failed (Joya C., et al,
2019). The median time to VF from ART initiation was 3.9 years (2.3-6.4). The proportion of
subjects experiencing VF varied by exposure category and older age at ART initiation (aHR 0.71,
per 10-year increase, 95% Cl .61-.82) and use of a NNRTI (aHR 0.68, 95% CI .51-.90) or an
INSTI-based regimen (aHR 0.26, 95% C1 .13-.53) were protective. Furthermore, higher viral loads
between 200 and 999 copies/mL, even on single determination; increased the risk of VF. However,
there is a paucity of evidence about viral suppression and predictors of failure in resource limited
settings. In South Africa, a 90% virologic suppression below the threshold of 1,000 copies/mL
was observed on intention-to-treatment analysis but this target was not met at the 50-copies/mL
(Herman L., et al., 2020). Even though a high virologic suppression was attained in this study, the
presence of a large subset of long-term infectious patients within the treated population raised a
risk for poor HIV treatment outcomes. In-addition, the subset of long-term infectious patients with
low level viremia could hinder efforts to control the epidemic demanding tools to establish the
cause of viremia urgently for targeted adherence interventions.

As mentioned under section 2.1, the conceptual framework of the study was built using proximate
determinants model. The conceptual framework to determine the incidence of viremia and
virological failure with their predictors considers client related factors, duration on ART and the

combinations of first line ART used.

3.3 Research design

The study used secondary data routinely collected through the Health Management Information
System (HMIS) on variables related to HIV prevention and treatment to monitor and evaluate the
quality of HIV health services, measure the attainment of goals and targets of the program and to
influence practices and policies among others. These readily available data can also be used for

clinical studies to assess treatment outcomes as anticipated in this study. The secondary data will
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help to calculate person-years on ART, which may be demanding to collect from prospective
cohorts. The major advantage associated with use of the data from HMIS is cost reduction.
Moreover, the study can be conducted in a short period of time and the convenience it provides is
enormous (Dale et al., 1988; Glaser, 1962; Smith, 2008). The data are already collected. In
addition, a larger representative sample size of the target population permits greater validity and

more generalizable findings to similar settings (Smith A., et al. 2011).

The study employed a nested case—control study design. A nested case-control study is a type of
case-control study where cases and controls are drawn from a well-defined source population and
the controls are sampled from that same cohort but consisting of people who did not develop the
outcome (Biesheuvel C., et al; 2008). A nested case—control study provides control over
cofounding factors because exposure information has been collected during the follow up of study
participants. Hence, matching of basic confounding factors are already characterized in the large
cohort that increases the statistical power to detect the influence of other clinically relevant factors
(Friis R., 2017). Compared to a standard case-control study, a nested case control design offers the
opportunity to differentiate risk factors from confounding factors because the cases and controls
are 'nested’ in an existing predefined source population with-known sample size, which is not the

situation in case control studies (Biesheuvel C., et al ;2008).

3.4 Study population and sampling

Adult HIV-infected patients on ART attending urban and rural public healthcare facilities in
Eswatini were included in the study. ART was provided in the framework of the national ART
program, which provides treatment and routine viral load monitoring free of charge. First-line
ART regimen consisted of two nucleoside reverse transcriptase inhibitors (NRTIs) and a non-
NRTI (NNRTI) or an integrase strand transfer inhibitor (ISTI). Cohort patients were included in
this analysis if they met inclusion criteria consisting of prescription of first-line ART and
availability of first VL result performed 48 weeks after initiation of ART.

Clients initiated on first line ART from January 2015 to December 2019 were identified from the
HMIS. Adults 18 years old or above on first line ART for one year or more were included while
clients lost to follow-up, died and stopped ART were excluded. Exclusion criteria also included
clients receiving mono- or dual ART or on regimens incompatible with first line ART. Clients

under 18 years of age were excluded because adherence to ART and/or the combination of first
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line regimen could be different from adults. Based on program and survey data, 10% of individuals
were expected to have viremia > 1000copies/ml and 90% have viral suppression <1000copeies/ml
making the ratio of 1:9. More controls were included for precise estimation of very large or small
relative hazards (Gail M. H., et al. 2019). Exposure to first line ART among cases and controls
was expected to be similar although different combinations of individual drugs were possible. The
sample size calculation assumed an alpha level of 5%; statistical power of 90% set to achieve real
differences in risk factors for VF; expected odds ratio associated with a meaningful difference of
risk factors assumed at 2; a 10% probability of controls having similar exposure risk factors
expected and a 20% probability of the risk factors among cases. Using EpilNfo, a sample size of
212 individuals with viremia or VF and 1906 clients with no viremia were adequate for t