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Background

Since the start of the Human Immunodeficiency Virus (HIV)/
Acquired Immune Deficiency Syndrome (AIDS) epidemic, 
around 76.1 million individuals have been infected and an esti-
mated 35 million people have died due to HIV/AIDS. At the 
end of 2016 an estimated 36.7 million people were living with 
HIV and Saharan Africa (SSA) accounts for close to 70% of 
the global burden of the disease.1

Uganda’s national HIV prevalence is 6.2%, with an estimate 
of 1.3 million persons living with HIV; and only 84% know 
their HIV status.2

The introduction and scale-up of ART has led to a reduction 
in HIV related mortalities up from 1.9 million AIDS-related 
deaths worldwide in 2005 down to 1 million people in 2016. 
ART scale-up has also contributed to a decline in new HIV 
infections by almost 11% since 2010 from 1.9 million people to 
1.7 million people in 2016.1
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ABSTRACT:

BACkgRoUnd: ART failure is a growing public health problem and a major threat to the progress of HIV/AIDS control. In Uganda however, little is 
documented on treatment outcomes and their associated factors among individuals on second line ART regimen. The rapid scale-up of ART over the 
past has resulted in substantial reductions in morbidity and mortality. However, as millions of people must be maintained on ART for life, individuals 
with ART treatment failure are increasingly encountered and the numbers are expected to rise. This could be attributed to factors such as sub-stand-
ard regimens, limited access to routine viral load monitoring, treatment interruptions, suboptimal adherence, among others. The purpose of this study 
was to estimate 5-year cumulative treatment failure and the associated factors among individuals on second line ART regimen Eastern Uganda.

MATERIALS And METhodS: A retrospective analysis of 541 records of HIV positive individuals, switched to second line ART regimen from 
January 2012 to December 2017. Inferential statistics including the Chi square test and multivariable logistic regression analysis was applied 
to determine associations of treatment failure against of the selected demographic, laboratory and clinical factors was performed. Associa-
tions between treatment failure and the predictors was based on a P-value of less than 5% and confidence intervals level of 95%.

RESULTS: We reviewed 541 records of individuals on second line ART regimen, of which 350 (64.7%) were female, 226 (41.8%) were mar-
ried, and 197 (36.4%) were older than 35 years. The mean age at ART initiation was 30 years (SD = 14.8), while the mean weight at ART initia-
tion was 47 kg (SD = 18.6), (range 4-97 kg). The overall proportion of treatment failure was 23%. The cumulative mortality risk for 5 years was 
12.4% and the mortality rate was 2.5 deaths per 100 individuals per year. The odds of developing treatment failure among individuals 
switched to ATV/r-based regimen were 44% lower as compared to individuals who were switched to LPV/r (ORadj0.56, 95% CI 0.35-0.90, 
P = .016). while the odds of experiencing treatment failure among individuals that used AZT at ART initiation were 43% lower as compared 
to individuals that used a TDF based regimen at ART initiation (ORadj0.57, 95% CI 0.33-0.98, P = .041).

ConCLUSIon: The 5 year cumulative incidence of treatment failure in a cohort of 541 individuals was 23%. The type of protease inhibitor 
(PI) used in second line regimen and use of AZT at ART initiation were significantly associated with treatment failure. Our study also shows 
that the cumulative mortality risk while on second line ART regimen was 12.4% while the mortality rate was 2.5 deaths per 100 individuals 
per year. Given the high level of treatment failure among individuals on second line ART regimen, yet the current ART protocols limits the use 
of third line ART regimens to only regional referral hospitals, the Ministry of Health should strengthen the surveillance systems for identifying 
individuals failing on second line ART regimen even at district hospitals and lower health facilities to facilitate timely switch to optimal regi-
men. The Ministry of health through the Quality Improvement Division should conduct routine onsite support supervision to sites offering ART 
to ensure that treatment guides and other standard of care like timely switch to appropriate regimens among others are being adhered to. 
Knowledge gaps identified can also be addressed through onsite Continuous Medical Educations.
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ART scale up of in Uganda has followed the World Health 
Organization (WHO) recommended public health approach. 
Under this approach, regimen decision is a matter of national 
policy guided by WHO; simple tools and approaches on when 
to start drug, substitute toxic drugs, switch regimen and stop 
drugs basing on clinical opinion and minimal laboratory inves-
tigations are developed to guide the implementation process.

This is aimed at enabling health-care workers with mini-
mum training to deliver care to large numbers of patients.3

Although the public health approach has enabled Uganda 
to reach large numbers of individuals with the ART, this 
approach has been associated with several programmatic lim-
itations such as use of regimens with low genetic barrier, 
using less sensitive immunological and/or clinical criteria to 
diagnosis first line treatment failure, and lack of resistance 
testing.4 In fact Uganda has one of the highest pre-treatment 
resistance to non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) which stands at 15.9% compared to the WHO 
threshold of 10%.

This together with other obstacles to sustained ART access 
such as human resource constraints, frequent drug stock-outs, 
and weak enforcement of quality standards are likely to con-
tribute to ART treatment failure.5

In addition, ART is associated with life threatening adverse 
drug effects, drug-drug interactions, and the inconvenience of 
lifelong therapy, and these are known for facilitating acquisi-
tion and accumulation of drug resistance-associated mutations 
and may compromise the effectiveness of subsequent lines of 
treatment.6

Increasing reports of multi-drug resistant virus among HIV 
positive individuals who have been on ART for a long period 
(treatment-experienced patients) are being frequently reported. 
Moreover, there is a possibility of newly infected ART naïve 
individuals being found with HIV mutants that are already 
resistant to commonly used antiretrovirals (ARVs).7

These issues highlight the need for good treatment moni-
toring program that involves the measurement of viral loads 
and resistance testing. Unfortunately, routine HIV viral load 
monitoring is a new component in ART programs of Uganda. 
Until the national roll-out of viral load in 2015, ART related 
treatment failure was commonly identified basing on immuno-
logical and/or clinical criteria.

Resistance testing is not part of the care package during 
ART initiation or switching to second line, the exception is 
for individuals supposed to be switched to third line regimen. 
This implies that in an event of treatment failure, a second-
line ART regimen is usually composed empirically thus mak-
ing selection of a regimen with an optimal genetic barrier not 
feasible.8

Responding to treatment failure in a responsible manner is 
key to achieving the 90-90-90 targets, particularly “the third 
90.” If treatment failure increases unchecked, this target may 
not be reached due to limited therapeutic options and the 

higher costs of second- and third-line treatments, which are, 
respectively, 3 times and 14 times more expensive than current 
first-line nucleoside reverse-transcriptase inhibitor (NRTI)-
based regimens.7 ART treatment failure is also associated with 
poor virologic outcomes, increased mortality, and reduced 
durability and effectiveness of regimens.4

In Uganda, there is paucity in data on the treatment out-
comes among clients on second line ART regimen. However, a 
systematic review of 19 studies reporting outcomes of second-
line ART in resource-limited settings indicated that the pro-
portion of adult patients who experienced treatment failure 
varied widely from 8.3% to 41.2% at 24 months.9 The propor-
tion may even be higher in Uganda since routine viral load 
monitoring is not widely accessed by all ART programs in the 
country.

Studies that have been done within Uganda were mainly in 
urban settings. One study by Sigaloff et al10 was conducted 
more than 5 years ago. Since then, there has been revision in the 
HIV treatment policy that includes the use of viral load for 
monitoring ART and diagnosis of treatment failure. Another 
recent study by Kityo et al11 only assessed the treatment out-
comes in adults on second line ART. This evidence gap regard-
ing the outcomes of clients on second line ART in a rural 
setting clearly indicates a need to undertake this study. In this 
study, we estimated the treatment failure and the associated 
factors among individuals on second-line antiretroviral therapy 
(ART) in Eastern Uganda.

Methods
Study design and Setting

This was a retrospective cohort study conducted at Mbale 
Regional Referral Hospital (MRRH) in Eastern Uganda. 
According to the UPHIA 2017 survey, the HIV prevalence in 
the region is 4.8%, with one of the lowest levels of viral load 
suppression in the country at 52.9%.

MRRH is a public hospital with a bed capacity of 355 beds 
and runs an HIV clinic with about 9450 active clients.

All HIV positive individuals on second line regimen in 
MRRH were the source population for the study. Individuals 
who had been on second line regimen for at least 6 months and 
were switched to second line ART regimen between January 
2012 and December 2017 were eligible.

However, clients who did not have viral load results at 
switch to second line regimen, those less than 6 months on sec-
ond line ART and those who whose regimen was changed 
without documentation of treatment failure were excluded 
from this study.

A total of 657 clients had been switched to second line 
ART regimen between January 2012 and December 2017. We 
however, included of 541 individuals because individuals who 
did not have updated information on all the variables were 
excluded from the study.
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Since we were working with a fixed sample of 657 individu-
als switched to second line ART in Mbale Regional Referral 
Hospital between January 2012 and December 2017; to dem-
onstrate the degree of precision in estimating the parameter of 
interest, p, which is the proportion of the sample that experi-
ences treatment failure. The study used the formula below for 
calculating the confidence interval for one proportion from a 
finite population.

n Z P P N d N Z P P= − + −( ) ( )( )−
2

1 2
2 21 1( )/ / (α

n = Sample size
N = is the population size (541)
Z = Z statistic that corresponds to 95% level of confidence 

with a value of 1.96.
P = proportion of individuals who fail to achieve virologic 

suppression after switching to second line ART = 10% (Kityo 
et al, 2014)

d—Margin of error (precision error) = ±5%
Substituting into the formula,
n = 202 (minimum sample size)
Although the minimum sample size was 202, we reviewed 

541 records of individuals to increase on the precision of our 
estimates.

A client was categorized as treatment failure if he or she had 
a plasma viral load of ⩾1000 copies/mL on 2 consecutive viral 
load measurements, the first one being done 6 months after 
switch to second line regimen, and the second one done 
4 months after the first viral load measurement.

Socio demographic data including age, education, marital 
status, and sex; HIV status of other household members; tuber-
culosis (TB) status at ART start; WHO clinical stage at ART 
initiation; functional status at ART initiation; first-line ART 
regimen; WHO clinical stages at ART initiation; and ART 
regimen at switch.

Data collection, analysis, and management

Patients’ information was abstracted from the facility ART 
registers as well as the patients’ treatment files. The demo-
graphic variables, clients’ clinical characteristics and laboratory 
results were captured through a review of the patients’ charts 
and the facility ART register.

The collected data was analyzed using STATA 14 version. 
Univariate analysis was used to calculate the descriptive statis-
tics for each of the variables. The categorical variables were 
summarized as proportions, while the continuous variables as 
means and standard deviation.

To measure the association between treatment outcome 
and predictors, the study utilized a Pearson’s chi-square test 
and logistic regression analysis. Association between treat-
ment failure and the predictors were based on a p-value of less 
than 5% and the confidence interval (CI) was calculated at the 
95% level.

Results and Discussions
Clinical characteristics at ART initiation

As observed in Table 1 below, majority, 181 (33.5%) of the par-
ticipants were at WHO clinical stage 3, and 91 (16.8%) at 
WHO clinical stage 4 at ART initiation. Three hundred and 
forty-six participants (63.9%) did not have any signs or symp-
toms of TB at ART initiation. Three hundred and ninety two 
participants (72.4%) were working at the time of ART initia-
tion while majority 385 (71.3%) were started on a Nevirapine 
based regimen at the time of ART initiation. Three hundred 
and ninety-four participants (72.8%) were switched to a 
Tenofovir (TDF) containing regimen while 343 (71.3%) were 
switched to Lopinavir/ritonavir (LPV/r) as protease inhibitors 
of choice.

Cumulative incidence of treatment failure

Twenty three percent (123/541) of the participants experi-
enced treatment failure in the period of January 2012 to 
December 2017 as shown in Figure 1 below.

This level of treatment failure is higher than that found 
in a study in Thailand on virologic and immunologic out-
comes among clients on second ART line regimens which 
found that after 6 months of the second-line ART, 16% 
experienced treatment failure defined as a viral load of 
>400 copies/mL. At 12, 24, and 36 months of the second-
line ART, 17%, 8%, and 10% experienced treatment failure 
respectively.12

In South Africa, Fox et al13 found that 23% of the patients 
started on second line ART experienced a treatment failure 
after 1 year. Treatment failure in this study however, was defined 
as a plasma viral load of >400 copies/mL.

In most of the second-line ART studies in Resource 
Limited Setting, a cut-off point of plasma viral load of 
>400 copies/mL was used to define virologic failure. World 
Health Organization (WHO) has been making new recom-
mendations as new evidence comes in and the latest recom-
mendation by WHO in 2016 for defining virologic failure was 
a viral load cut off >1000 copies/mL and that is what this used 
in estimating treatment failure rates. These implies that treat-
ment failure rates among clients on second line ART regimen 
in MRRH could actually be higher than the 23% if a lower cut 
off value of >400 copies was used.

In a meta-analysis of 19 studies reporting second-line 
failure rates in 2035 patients across low-income and mid-
dle-income countries, the cumulative pooled proportion of 
adult patients failing virologically on second line ART regi-
men was 21.8%, 23.1%, 26.7%, and 38.0% at 6, 12, 24, and 
36 months, respectively. This shows that the rates of viro-
logic failure on second-line therapy are high in resource lim-
ited settings. Most studies (13 studies) defined virologic 
failure using the definition of RNA viral load >400 copies/
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mL but only around half of these reported 2 consecutive 
measures.9

The difference in the rates of treatment failure for clients 
switched to second line ART regimen in this study could be 
attributed to the health care system challenges such as low cov-
erage of viral services among clients on ART which is very 
important factor in facilitating timely detection ART failure 
cases. The viral load coverage in Uganda is at less than 80% 

unlike in the 2 different African countries where the previous 
studies were conducted from Ministry of Health.2

The other possible reasons for the difference in the failure 
rates could be the difference in the diagnostic criteria for treat-
ment failure. This study only used viral load results to measure 
treatment failure. In another study, viral load was used to assess 
treatment failure, in addition to other criteria such as cluster of 
differentiation type 4 (CD4) cell count and clinical status. 
CD4 cell count and clinical status however, are no longer rec-
ommended by WHO due to low sensitivity to detect treatment 
failure. Viral load increases before other immunologic and 
clinical markers, which can shorten the time to diagnosis. Due 
to its sensitivity, patients who have no immunological and clin-
ical failure may already have virologic failure.

Compared to treatment failure among clients on first line in 
Uganda which stands at 4.1%, this is a high proportion (DHSI-
2, 2018, unpublished data). Possible explanations for the 
observed higher failure rates with second-line therapy than 
with first line therapy are worse tolerability of second line regi-
mens, acquired drug resistance during therapy, or difficulty in 
maintaining adherence to therapy after a longtime receiving 
ART, pill burden among other factors.

Analysis of treatment failure and the risk factors

Using the logistic regression model for further analysis, the 
results as presented in Table 2 below show that being in an age 
category of 26 to 35 years, WHO clinical stage 2, using 
Zidovudine (AZT) at ART initiation and ATV/r demon-
strated a statistically significant association with treatment 
failure.

The odds for experiencing treatment failure among clients 
between the ages of 26 to 35 years was 69% lower as compared 
to clients below the age of 12 years (ORadj0.31, 95% CI 0.13-
0.74, P = .008); while the odds of experiencing treatment failure 
among clients who are more than 35 years of age was 61% 
lower as compared to clients below the age of 12 years 
(ORadj0.39, 95% CI 0.16-0.96, P = .008). We also report that 
odds of experiencing treatment failure among clients with a 
WHO clinical stage 2 at ART initiation was 1.92 times higher 
as compared to clients that initiated ART with a WHO clini-
cal stage of 1 ((ORadj1.92, 95% CI 1.01-3.36, P = .047).

Table 1. Clinical characteristics of participants.

VARIABLE FREq. %

WHO stage at ART initiation

 Stage 1 96 17.4

 Stage 2 173 32.0

 Stage 3 181 33.5

 Stage 4 91 16.8

TB status at ART initiation

 On TB treatment 62 11.5

 Newly diagnosed TB 32 5.9

 No signs or symptoms 346 64.0

 Suspect TB 98 18.1

Functional status at ART initiation

 Ambulatory 94 17.4

 Bedridden 51 9.4

 Working 392 72.5

NRTI used in second line

 ABC 37 6.8

 AZT 110 20.3

 TDF 394 72.8

PI used second line

 ATV/r 198 36.6

 LPV/r 343 63.4

NNRTI used at ART initiation

 NVP 385 71.3

 EFV 155 28.7

NRTI used at ART initiation

 ABC 9 1.7

 AZT 259 47.9

 D4T 156 28.8

 TDF 106 19.6

 Others 11 2.0

[CATEGORY 
NAME] VL 

atfer IAC
[PERCENTAGE]

Detectable 
Viral Load 
after IAC

[PERCENTAGE]

Figure 1. Proportion of viral load suppression.
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Table 2. Predictors of treatment failure from multivariable analysis.

PREDICTOR ODDS RATIO P VALUE [95% CONF. INTERVAL]

Gender

Male (reference)  

 Female 1.10 .702 [0.68, 1.77]

Age

<12 years (reference)  

 12-18 years 0.45 .136 [0.16, 1.28]

 19-25 years 0.63 .402 [0.21, 1.87]

 26-35 years 0.31 .008 [0.13, 0.74]

 >35 years 0.39 .04 [0.16, 0.96]

Marital status

Never married (reference)  

 Married 1.05 .895 [0.49, 2.27]

 Separated/divorced 0.67 .413 [0.26, 1.75]

 Widowed 0.97 .951 [0.36, 2.61]

WHO clinical stage at ART initiation

WHO stage 1 (reference)  

 WHO stage 2 1.92 .047 [1.01, 3.65]

 WHO stage 3 1.47 .217 [0.80, 2.71]

 WHO stage 4 1.56 .227 [0.76, 3.19]

TB status at ART initiation

On TB treatment (reference)  

 Newly diagnosed TB 1.10 .858 [0.40, 3.02]

 No signs or symptoms of TB 0.94 .861 [0.50, 1.78]

 Suspect TB 0.66 .288 [0.30, 1.43]

NRTI used at ART initiation

TDF (reference)  

 Others 0.40 .004 [0.22, 0.75]

 ABC based 0.23 .184 [0.03, 2.03]

 AZT based 0.57 .041 [0.33, 0.98]

Functional status ART Initiation

Ambulatory (reference)  

 Bedridden 1.21 .634 [0.55, 2.66]

 Working 0.78 .374 [0.46, 1.34]

PI used

LPV/R (reference)  

 ATV/r 0.56 .016 [0.35, 0.90]
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The odds of experiencing treatment failure among clients 
that used AZT at ART initiation were 43% lower as compared 
to individuals who used a TDF based regimen at ART initia-
tion (ORadj0.57, 95% CI 0.33-0.98, P = .041).

The PI used at switch to second line regimen also demon-
strated a significant relationship. The odds of experiencing 
treatment failure among clients who were switched to ATV/r-
based regimens were 44% lower as compared to the patients 
who were switched to LPV/r based regimen (ORadj0.56, 95% 
CI 0.35-0.90, P = .016).

The high rates of treatment failure among HIV-positive 
patients who are receiving second-line ART warrant further 
efforts to understand predictors of virologic failure to inform 
interventions to improve patient outcomes.

Treatment failure was significantly associated with the type 
of Protease inhibitor (PI) used (P = .019) and the use of AZT 
as the NRTI of choice at ART initiation. Patients who under-
went a change to ATV boosted with ritonavir−based regimen 
instead of LPV/r were 44% likely to experience treatment fail-
ure. (0.56, P = .016). ATV is generally a well-tolerated drug 
with less pill burden as compared to other PIs such as LPV.

We also observed that majority of the patients (47.6%) on 
second line regimen used AZT as part of their first line drug. 
The use of AZT during first line is associated with accumula-
tion of Thymidine Analogue mutations (TAMs) that confer 
resistance to TDF and Abacavir (ABC) which are the choices 
for second line in Uganda. Eighty-six (69.9%) of the patients 
who experienced treatment failure were on TDF. The ART 
guidelines have since been revised and now TDF is preferred 
first line NRTI because the mutations associated with it pre-
serve future treatment options.

Delay in switching clients has been associated with poorer 
outcomes among patients failing on NNRTI based first-line 
therapy, as opposed to those receiving protease inhibitor-based 
regimens. Exposure to replicating virus for relatively long peri-
ods could lead to accumulation of mutations and compromise 
the efficacy of second-line regimens. This study however was 
not able to establish this relationship because of the poor docu-
mentation of the clients who were using PI based regimens as 
part of their first line regimens.

We also observed that children below the age of 12 years 
were significantly more likely to experience treatment failure as 
compared to adults between 26 and 35 years. Treatment for 
children and adolescents presents several challenges including 
the complexity in ARV dosing and the need to adjust doses as 
the children grow. This may be difficult especially for providers 
who are not skilled enough with pediatric care or too busy to 
track the suppression status.

Treatment for children may also be affected by the type of 
caretakers (ie, parents vs other caretakers), schooling environ-
ment (for those in schools), and transition to adolescent. 
Stigma, fear of disclosure, and stress may also affect younger 
people more than their older counterparts. Keeping young 

people in care by using social workers, peer supporter groups, 
and training on pediatric disclosure among health workers can 
be one way of improving ART adherence and hence better 
virologic out-comes.

Our findings should be considered within the following 
limitations. There were cases of missing data and clients who 
did not have data on such important variables were excluded in 
the analysis. Overall there were 657 clients who had been 
switched to second line regimen between January 2012 and 
December 2017 but only 541 records were included in the 
analysis because of missing information. The possibility of not 
including all registered participants in the analysis due to miss-
ing data could have led to selection to bias.

Secondly, treatment failure was not confirmed with resist-
ance testing, but rather the definition of treatment failure 
used in practice which may result in misclassification bias 
that can lead to an overestimate of the cases of treatment fail-
ure in the study.

Nevertheless, our results highlight the complex interplay 
between social and clinical factors contributing to ART adher-
ence and subsequent risk of treatment failure among patients 
on second-line ART in MRRH.

Conclusions and Recommendations
In this retrospective cohort analysis, the 5-years’ cumulative 
incidence of treatment failure among clients on second line 
ART regimen was 23%. The type of PI used in second line 
regimen and use of AZT as the NTRI of choice in the first line 
ART regimen were found to have a significant association with 
treatment failure.

Given the high level of treatment failure among individuals 
on second line ART regimen, yet the current ART protocols 
limits the use of third line ART regimens to only regional 
referral hospitals, the Ministry of Health should strengthen the 
surveillance systems for identifying individuals failing on sec-
ond line ART regimen even at district hospitals and lower 
health facilities to facilitate timely switch to optimal regimen.

The Ministry of health through the Quality Improvement 
Division can conduct routine onsite support supervision to 
ensure adherence to treatment guides and other standard of 
care for example, intensive adherence counselling to individuals 
with high viral load, timely switch to appropriate regimens 
among others quality of care standard. This will also facilitate 
the process ensuring that all individuals on ART access a timely 
viral load and the results are correctly used for making decision 
in regard to patient care.

Following evidence from study that revealed high levels of 
pre-treatment drug resistance (PDR) estimated at 15.9% to 
NNRTIs, exceeding the threshold of 10.0% set by WHO for 
first line ARVs, the MoH of Uganda with guidance from 
WHO made a recommendation to substitute Nevirapine and 
Efavirenz with Dolutegravir among adults and LPV/R among 
children weighing less than 30 kg; and these changes were 
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included in the national treatment guidelines in 2019. This 
process is referred to as ART optimization. The Ministry 
should therefore track the optimization process to ensure com-
plete phase-out of the legacy regimens (Nevirapine (NVP) and 
Efavirenz (EFV)) since evidence shows that Dolutegravir 
(DTG) achieves viral Load Suppression better than the 2 
NNRTIs.

Although the National HIV care and treatment guidelines 
recommend enhanced adherence counseling and support for 
patients whose first VL result is beyond the threshold, it is not 
clear whether the health care system is giving enough attention 
to these patients and adhering to the viral load algorithm in the 
management of patients with high very viral loads. Another 
study could be conducted to evaluate the compliance of health 
workers to the treatment protocols in the management of cli-
ents with high viral loads.

Study limitations

There were several limitations to the study.
There were cases of missing data especially on a number of 

parameters. For instance the variables of weight, clinical staging, 
Tuberculosis status, and functional status among others we often 
incomplete. Individuals who did not have data on such impor-
tant variables were excluded in the analysis. Overall there were 
657 individuals who had been switched to second line regimen 
between January 2012 and December 2017 but only 541 records 
were included in the analysis because of missing information. 
The possibility of not including all registered Patients in the 
analysis due to missing data may have created selection bias.

Finally, treatment failure was not confirmed with resist-
ance testing, but rather the definition of treatment failure 
used in practice which may result in misclassification bias 
that can lead to an overestimate of the cases of treatment fail-
ure in the study.

Nevertheless, our results highlight the complex interplay 
between social and clinical factors contributing to ART adher-
ence and subsequent risk of treatment failure among individu-
als on second-line ART.
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reasonable request from the corresponding author.
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