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Background: HIV treatment failure is a devastating public health challenge worldwide. Low rates and delays in switching are
associated with increased death and second-line failure. But the time to switch and predictors are not well studied in Ethiopia.
Therefore, this study assessed the time to switch to second-line ART and its predictors among HIV-infected adults with virological
failure in Northwest Ethiopia.
Methods: An institution-based retrospective follow-up study was conducted from Oct 1/2016 to Feb 28/2020 in Northwest Ethiopia.
Secondary data were extracted through a predefined extraction tool from 427 HIV-infected adults, which were selected by systematic
random sampling. Kaplan–Meier with log rank test was done to identify the survival time and compare survival time among different
categorical independent variables. The Cox proportional hazard model was fitted and variables having a p-value of less than 0.05 with
a 95% confidence level were identified as a predictor of time to switch to second-line ART and interpreted accordingly.
Results: A total of 288 (67.45%) HIV-infected adults were switched to second-line ART with a median time of 162 days (IQR:
35,682). The risk of switching is higher among HIV infected adults with viral RNA of 60,000 copies/mL or more at failure
(AHR=1.80, 95% CI: 1.31–2.48), ≥8 years duration on first-line ART (AHR: 2.31, 95% CI: 1.62, 3.29) and enhanced adherence
counseling of 4 to 6 sessions (AHR: 1.28, 95% CI: 1.01, 1.63), and lower with 4 or more missed appointments (AHR: 0.49, 95% CI;
0.28, 0.84) and no history of 1st line regimen change (AHR: 0.53: 95% CI: 0.41,0.69).
Conclusion: The median time to switch to second-line ART following 1st line virological failure is about 162 days, higher than other
related studies. But switching was higher in patients with high viral RNA copies, missed appointments, longer duration on first-line
ART, and the number of enhanced adherence counseling. So, intervention strategies that aid patients to have timely switch without due
delays as soon as virologic failure should be prioritized.
Keywords: virological failure, switch, second-line ART, Northwest Ethiopia, Ethiopia

Background
Despite antiretroviral treatment (ART) having significantly improved the survival of patients who suffer from HIV
(Human Immune Deficiency Syndrome), still, people are dying prematurely while they are on treatment due to
several factors. Among these factors, treatment failure is a giant challenge.1–3 The World Health Organization’s
(WHO) definition of treatment failure for deciding to switch ART regimens can be virological, immunological or
clinical.4 A virological failure (VF) is when two consecutive plasma viral load measurements of above 1000 copies/
mL are done 3 to 6-months intervals, with enhanced adherence counseling (EAC) support between measurements
after at least 6 months of starting a new ART regimen. The value of viral load (VL) testing as a more sensitive and
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earlier indicator of treatment failure is increasingly recognized. Thus, it is the gold standard for monitoring the
response to anti-retro viral (ARV) drugs, so health care providers are using it as the final evidence for making
a decision to switch ART regimen.4,5

Highly active anti-retro viral therapy (HAART) regimens commonly require changes to overcome treatment failure,
which often involve switching multiple medications simultaneously. Switching from first-line to second-line ART should
occur immediately after confirmed VF without any delay.4–8 But rates of switching to second-line ART are low and
concerns have been raised that people on ART may be experiencing long periods taking the failed first-line regimen.9,10

While late switching, with complex resistance, appears to have minimal effect on early second-line outcomes, the role of
virological monitoring in determining long-term outcomes is yet to be determined.9,11,12

HIV treatment failure has to become the overwhelming challenge that the world faced in the present day despite
growing enormous investments against it.13 In Africa, 9% of adults taking ART were developing VF14 and, also in
Ethiopia, the prevalence of first-line ART failure was 21%.15 With these and more prevalence, the time to switch
varies across different studies. For example, in Uganda, 43% and 66.1% of adult patients with first-line ART
treatment failure were switched to second-line ART regimens with the median time of 180 and 243 days
respectively.16,17 In South Africa also 74.3% of patients were switched to second-line ART with a median time of
84 days after confirmed VF.18

Yet a growing number of patients are expected to experience treatment failure over time, with a subsequent escalating
need for second-line regimens, longer time to switch leads to elevated hazards of death, the possibility of a poor response
to the new therapy, and increases non-nucleotide reverse transcriptase inhibitor resistance mutations, which could also be
detrimental to second-line regimen activity.17,19 Mortality in patients with first-line VF and not switched to second-line
ART was 11.9%, compared to 1.2% for those who switched.17 The relative benefit of the earlier switch is based on the
assumption of a linear relationship between the timing of switch and probability of death; the longer the time, the higher
probability of death.20

Despite all global and local efforts, rates of switching to second-line ART are low and concerns have been raised that
patients may be experiencing long periods with VF.9 Previous studies showed that age of the patient, disclosure HIV
status, WHO clinical staging, baseline regimen, had caretaker, viral RNA copies at failure, missing visits on first-line
ART, and longer duration on the first-line regimen were significant factors associated with switching to second-line ART
after first-line regime failure.17–19,21–24

Although patients who switch to second-line treatment after failure have improved outcomes compared to patients
who do not switch, a low proportion of patients were switched, and failing to second-line ART remains become high.25

To the best of researchers’ knowledge, there is limited study regarding time to switch to second-line ART among patients
with first-line VF in Ethiopia where there is a significant number of patients encountered treatment failure with no
scientific evidence whether switched or not and its predictors.15 Therefore, understanding the time between treatment
failure and switching and its predictors is very crucial to combat treatment failure and improve clinical care outcomes of
patients taking ART by preparing and implementing actual data-driven quality improvement projects. So, this study was
intended to assess the time to switch to second-line ART and its predictors among HIV-infected adults with first-line VF
in Northwest Ethiopia.

Methods
Study Setting
This study was conducted in Northwest Ethiopia including 12 high caseload ART public health facilities.26 An
institution-based retrospective follow-up study was conducted from October 1/2016-September 30/2020 among HIV-
infected adults who had confirmed VF from October 1/2016 to February 28/2020 to the first-line ART drugs. Then
secondary data were extracted from October 10 to November 10/2020.
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All HIV-infected adults with first-line VF at high load public health facilities in Northwest Ethiopia from October 1/
2016 to February 28/2020 were the study population. Among these, those who had incomplete data of date of switch and
VF were excluded from this study.

Sample Size and Sampling Procedures
Sample size was calculated by time to event data formula using Stata 14.1 by taking into account the duration on first-line
ART (less than 1 year on ART before failure) as the major exposure variable, (in this regard, a 5% level of significance
[two-sided], a power of 80% and a ratio of unexposed to exposed of 1:1, crude hazard ratio 1.46, and withdrawal of
10%18 were considered). Then, using the command of Stata 14.1, power log-rank 0.5, Schoenfeld wd prob (0.1), and the
total sample size required for this study was calculated and gave 440. Among 870 HIV-infected adults with confirmed VF
to the first line ART-taking individuals in 12 facilities, 440 were selected proportionally from each facility using
a systematic random sampling technique in which different K was used for each facility. The high viral load management
register was used as a source document at which all ART-taking individuals with the first high viral load were listed and
followed through.

Study Variables
Dependent Variable
Time to switch to second-line ART since virological treatment failure to first-line ART.

Independent Variables
Socio-demographic factors (age at failure, sex, religion, marital status, educational status, occupation, residence,
having telephone), baseline clinical, laboratory and ART information (baseline WHO stage, baseline ART regi-
men, baseline functional status, and baseline BMI), adherence barriers before failure (use a condom, take alcohol/
Khat, disclosed HIV status and has caregiver) and ART follow up, laboratory and clinical information before
failure (recent adherence level, Tuberculosis Preventive Therapy [TPT] provision status, Cotrimoxazole
Prophylactic Therapy [CPT] provision status, latest BMI at failure, duration on first-line treatment, missed
appointment, recent functional status, first-line regimen change, enrolled to appointment spacing model and
numbers of EAC follow up time between first HVL and confirmatory viral load test) are potential predictors of
time to switch to second-line ART.

Operational Definition
Switch: A discontinuation of a failed first-line ART regimen and the start of a protease inhibitor (PI) based second-line
ART regimen.5

Event: A switch or shift to PI-based second-line ART regimen from a failing first-line ART regimen only due to VF
evidenced by the record from the patient’s chart.

Censored: Includes lost to follow up, transferred out, and dead before switched to second-line ARTwithin the follow-
up period and,those patients who did not switch at the end of follow up.

Survival time: Time from confirmed VF to switch to second-line ART or censored measured in days till the end of
follow-up.

Virological Failure: Two consecutive measurements of HIV viral RNA greater than 1000 copies/mL 3 to 6 months
apart with optimum adherence support after the patient was provided with new first-line ART for at least 6 months.5 The
date of failure was ascertained by the date at which the viral load test was done and received at the ART clinic evidenced
by the record at the high viral load register.

High load Facility: ART providing facility having greater than 500 ART users.5
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First high viral load: The initial viral load counts greater than 1000 copies/mL done 3 or more months immediately
before 2nd high viral load.

Second high viral load: The confirmatory viral load greater than 1000 copies/mL was done after 3 to 6 completed
enhanced adherence sessions.

First-line regimen change: a switch or substitution of at least one drug from the original HAART regimen.5

Data Collection Procedures and Tools
Data abstraction format was developed to capture secondary data from ART entry and follow-up sheet used in the
ART clinics. This format was adapted from previous works of literature17,18,22,25,27 and modified from ART follow
up templates, to collect socio-demographic, baseline clinical, laboratory, and ART information, Patient-related
adherence barriers, and ART follow up, laboratory and clinical Information from high viral load management
registry, patient chart, and facility electronic-based smart care. For this purpose, one-degree clinical nurse or health
officer experienced in the area who had extracted the required data from chart and register and one card room
worker who draw the chart were assigned for the entire data collection period to each facility. Besides, two BSc.
holder public health officers who have been managing and facilitating the overall data collection were deployed. The
overall course was taken a month cascaded by the principal investigator.

Data Quality Control
The training was given to data collectors and supervisors for a day on how to extract the data, the use of source
documents, and the scope of the research. The abstraction tool was reviewed and commented on by senior
experts in the area, and a pretest was done on 5% of the total sample size at Debre Markos health center from
October 5–9/2020 to check for tool consistency and relevance. Strict follow-up and supervision were carried out
during data collection. The principal investigator and supervisors have been conducting day-to-day follow-up
during the whole period of data collection. Each abstraction form was reviewed and checked for completeness by
the supervisor and the PI daily and the necessary corrective feedback was given to data collectors.

Statistical Data Management and Analysis
The data extracted from the chart were entered into Epi-data version 3.1 and checked for completeness, cleaned to check
for frequencies, accuracy, consistencies, outliers, missed values, and variables. The data was exported to Stata 14.1 for
analysis, and then categorized and sorted to facilitate its analysis.

Descriptive statistics were used to describe the characteristics of the cohort. Kaplan–Meier (KM) was used to
estimate survival time in days, day intervals between dates at which Virological failure was confirmed and
switched to second-line ART or censored. KM with Log rank test was done to compare the survival time
among groups of different categorical independent variables and proportional hazard Cox regression was done
to estimate hazard ratio. The presence of multicollinearity and interaction effect was checked for each variable.
Schoenfeld residuals statistical test, presence of time-dependent covariate, and graphical methods were used to
check the Cox Proportional Hazard (PH) assumption. Multivariable Cox regression was computed for all variables
that have less than 0.2 with bi-variable analysis. The final model was built through a stepwise regression
procedure after being checked and meeting the PH assumption. The fitness of the final model was also checked
using the cox-Snell test graphically and the global test statistically.

Hazard ratios with 95% confidence intervals (CI), incidence rate, and median time to switch were estimated and
interpreted accordingly. Statistical significance was declared for explanatory variables with a p-value of less than 0.05.
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Results
Study Participants’ Characteristics
In this study, a total of 427 (97.04%) HIV-infected adults who had confirmed first-line VF were included with an overall
response rate of 97%, and 13 were excluded due to chart loss.

Among all participants, 243 (56.9%) were females and 183 (42.8%) were married. The mean (±SD) age of
people at treatment failure of first-line ART was 38.5 (± 9) years. A total of 278 (65.1%) and 337 (78.9%) were
from urban and out of the catchment areas respectively as shown from socio-demographic characteristics of
respondents in Table 1.

The mean (±SD) of the baseline BMI of study participants was found to be 19.8 (±2.6) kg/m2. A total of 236 (55%) of
HIV-infected adults have started with a Nevirapine-based first-line ART regimen and 358 (84%) had working functional
status (Table 2).

One hundred one (23.7%) and 193 (45.1%) of HIV-infected adults reported using a condom and disclosed their HIV
status to their family members respectively. Taking alcohol/Khat was reported by 105 (24.6%) HIV-infected adults.
A total of 368 (86.4%) of HIV-infected adults had caregivers (Table 3).

The mean (±SD) duration on first-line ART was 6.9 (±3.2) years. A total of 390 (91.3%) HIV-infected adults
had good adherence at the latest visit. Of all participants, 75 (17.6%) were found to be underweight by BMI, and
162 (37.9%) had a history of first-line regimen change at least once. Three hundred ten (72.6%) and 164 (39%)
participants were provided with TPT and CPT respectively and only 31 (7.3%) participants were enrolled in

Table 1 Socio-Demographic Characteristics of HIV Infected Adults with 1st Line Virological
Failure at High Load Public Health Facilities in Northwest Ethiopia, from 2016 to 2020
(n=427)

Variable Category Frequency (%)

Sex Male 184(43.1)
Female 243(56.9)

Age 18–34 years 164(38.4)

≥35 years 263(61.6)
Religion Orthodox 412(96.5)

Muslim 11(2.6)

Protestant 4(1)
Residence Urban 278(65.1)

Rural 149(34. 9)

Marital status Never married 102(23.9)
Married 183(42.9)

Divorced 103(24.2)

Widowed/er 39(9.1)
Does the patient have a cell phone? Yes 347(81.2)

No 80(18.7)

Education level No Education 192(45.0)
Primary 155(36.3)

Secondary 63(14.7)

Above Secondary 17(4.0)
Is the patient in the catchment area? Yes 337(78.9)

No 90(21.1)

Occupation Government work 56(13.1)
Private work 169(39.6)

Student 92(21.5)

Missed 110(25.8)
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a 6-month Appointment Spacing Model (ASM) before confirmed first line VF. Among all, 182 (42.6) had taken
first-line ART for 5 to 8 years, 239 (55.7%) had completed EAC only with 3 sessions and the mean (±SD) time
between 1st and 2nd HVL test was 11.0 months ± (5.2–13.6 IQR) months (Table 4).

Table 3 ART Adherence Barriers of HIV Infected Adults with the First-Line
Virological Failure at High Load Public Health Facilities in Northwest Ethiopia from
2016 to 2020 (n=427)

Variable Category Frequency (%)

Consistent condom use Yes 101(23.7)

No 200(46.8)

NA 70(16.4)
Missed 56(13.1)

Take alcohol/khat Yes 105(24.6)

No 264(61.8)
Missed 58(13.6)

Disclosed status to a family member Yes 193(45.1)

No 177(41.5)
Missed 57(13.4)

Has caregiver Yes 368(86.4)

No 58(13.4)
Missed 1(0.2)

Abbreviation: NA, not applicable, respond as “no any sexual activity” while the patient is on an enhanced
adherence counseling session.

Table 2 Baseline Clinical, Laboratory, and ART Information of HIV Infected Adults with
Virological Failure at High Load Public Health Facilities in Northwest Ethiopia, from 2016
to 2020 (n=427)

Variable Category Frequency (%)

Baseline WHO clinical stage Stage I 97(22.7)

Stage II 134(31.4)
Stage III 173(40.5)

Stage IV 23(5.4)

Baseline BMI ≤18.4 kg/m2 132(31.2)
18.5–24.9 kg/m2 277(65.5)

≥25 kg/m2 14(3.3)
Baseline Regimen 1e (TDF+3TC+EFV) 158(37)

1c(AZT+3TC+NVP) 159(37)

1d (AZT+3TC+EFV) 23(5.4)
1f (TDF+3TC+NVP) 17(4.0)

1a (d4t+3TC+NVP) 60(14.1)

1b (d4t+3TC+EFV) 10(2.3)
Baseline regimen by category NVP based 236(55.3)

EFV based 191(44.7)

Baseline functional status Working 358(83.8)
Ambulatory 65(15.2)

Bedridden 4(1)

Abbreviations: WHO, World Health Organization; NVP, nevirapine; EFV, efavirenz; BMI, body mass index.
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Survival Status on First Line Regimen
The cumulative survival probability of HIV infected adults to take the failed first-line ART regimen at the end of follow
up was 9.83% (95% CI: 4.96, 16.66) and the cumulative survival probability by 90, 180 and 360 days were 59%, 47%,
and 36% respectively.

The Kaplan–Meier survival curve showed a steeper decrease during the initial follow-up periods, with a 0.50
cumulative estimated survival probability at 162 days. Thereafter, the percentage of people who survived showed
a slower decrease over time, almost becoming flat at the end (Figure 1). A significant difference in survival probability
of HIV-infected adults with first-line VF was observed among HIV infected adults with and without a history of first-line
ART regimen change (Figure 2).

Table 4 ART Follow-Up, Laboratory and Clinical Information of Adult HIV Infected Patients with
Virological Failure at High Load Public Health Facilities in Northwest Ethiopia, from 2016 to 2020
(n=427)

Variables Category Frequency (%)

Experience of opportunistic infection Yes 285(66.0)

No 145(34.0)
Recent adherence level Good 390(91.3)

Fair 12(2.8)

Poor 25(5.9)
Missed appointment No missed appointment 286(67.0)

1 to 4 appointments 98(23.0)
≥ 4 appointments 43(10.0)

First line regimen change Yes 162(37.9)

No 265(62.3)
Latest BMI before failure ≤18.4 kg/m2 75(17.6)

18.5–24.9 kg/m2 329(77.0)

≥25 kg/m2 23(5.4)
Number of EAC session 3 sessions 239(55.7)

4–6 sessions 188(44.3)

History of CPT provision stats Provided 164(39.0)
On-going 184(43.7)

Not Provided 73(17.3)

History of TPT provision status Completed 310(72.6)
Discontinued 19(4.5)

On-going 11(2.6)

Not Provided 87(20.4)
Ever enrolled to ASM Yes 31(7.3)

No 393(92.7)

Duration between 1st and 2nd HVL Less than 6 months 145(34.0)
6–12 months 152(35.6)

≥12 months 130(30.4)

Duration on first line ART before failure <4 years 87(20.4)
5–8 years 182(42.6)

≥8 years 158(37)

Viral load count at failure 1001–10,000 copy/mL 138(32.3)
10,001–60,000 copy/mL 183(42.9)

≥60,000 copy/mL 106(24.8)

Abbreviations: ASM, appointment spacing model; HVL, high viral load; EAC, enhanced adherence counseling; TPT, TB preventive
therapy; BMI, body mass index; CPT, cotrimoxazole preventive therapy; ART, anti-retroviral therapy.
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Figure 1 The Kaplan–Meier survival curve of time to switch to 2nd line anti-retroviral therapy (ART) and its predictors among HIV-infected adults at high load public health
facilities in Northwest Ethiopia, from 2016 to 2020 (n=427).

Figure 2 The Kaplan–Meier survival curve by regimen change for time to switch to 2nd line Anti-Retroviral Therapy (ART) and its predictors among HIV-infected adults at
high load public health facilities Northwest Ethiopia, from 2016 to 2020 (n=427). (Blue line=survival curve of patients with 1st line regimen change, Black line = survival curve
of patients with 1st line regimen change).
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Time to Switch to Second Line ART
Among 427 participants, 288 (67.4%) were switched to second-line ART and 139 were censored, contributing a total of
95,763 observation days under analysis with the median follow up time of 109 (31–332 IQR) days having 1 day and 1326
days of minimum and maximum follow up days respectively.

The estimated median time to switch is 162 days (95% Cl: 122, 211) (35–682 IQR). The median time varies across
different explanatory variables such as first-line regimen change; those without and with regimen change, 127 had 303
days respectively.

As shown in Figure 3, 213 (74%) of HIV-infected adults are switched to second-line ART within the first 6 months
since confirmed treatment failure (Figure 3). Among HIV-infected adults who were not switched to second-line ART, 82
(59%) were active and taking the first-line ART regimen (Figure 4).

The overall incidence rate of switching was 3/1000 person-days (95% CI: 2.6, 3.3). The cumulative incidence
of the switch by 3 and 6 months after failure was 6.1% and 4.6% respectively. Besides, the incidence of
switching among those HIV-infected adults with and without regimen change was 2/1000-person day and 3/1000-
person day.

Predictors of Time to Switch
From the bi-variable analysis, ten variables namely, first-line regimen change before failure, viral RNA copies at failure,
duration on first-line ART, missed appointment, baseline WHO stage, duration of between first and second viral load test,
number of EAC session, whether enrolled to ASM or not, latest BMI and residence with a p-value of ≤ 0.2 were
statistically significant and then included for multivariable analysis. Thus, in multivariable analysis five variables namely
history of first-line regimen change, viral RNA copies at failure, duration on first-line ART before failure, missed
appointments, and the number of EAC sessions were significantly associated with time to switch to second-line ARTwith
95% confidence level and p-value of less than 0.05 (Table 5).

In this study, the risk of switching to second-line ART among HIV-infected adults with first-line regimen change was
lower by 47% compared to their counterparts (AHR: 0.53, 95% CI: 0.41, 0.69). Similarly, the risk of switching to

Figure 3 The bar graph of the proportion of switching by time to switch to the 2nd line Anti-Retroviral Therapy (ART) among HIV-infected adults at high load public health
facilities in Northwest Ethiopia, from 2016 to 2020 (n=427).
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a second-line ART regimen among HIV infected adults with viral RNA of 60,000 copies/mL or more during failure was
1.8 times higher than those HIV infected adults with viral RNA of fewer than 10,000 copies/mL during failure (AHR:
1.8, 95 CI: 1.31, 2.48). It is also true that the risk among HIV infected adults with viral RNA of 10,001 to 60,000 copies/
mL was 1.37 times higher than those HIV infected adults with viral RNA of 1001 to 10,000 copies/mL during failure
(AHR: 1.37, 95% CI 1.03, 1.81) (Table 5).

The duration on first-line ART is significantly associated with the switching to a second-line regimen, in
which those HIV-infected adults who were on first-line ART for 8 years or more had a 2.31 times higher risk of
switching to second-line ART compared to those who were taking for less than 4 years (AHR: 2.31, 95% CI:
1.62, 3.29). It is also true that taking first-line ART for 4 to 8 years had a 1.47 times higher risk of switching
than those who were taking it for less than 4 years (AHR: 1.47, 95% CI: 1.05, 2.06). This study also indicated
that the risk of switching to a second-line ART among HIV infected adults with a history of 4 or more missed
appointments 1 year before VF decreased by 51% compared to those who had a history of no missed appoint-
ment (AHR: 0.49, 95% CI: 0.28, 0.84). Besides, the risk of switching to a second-line ART among HIV-infected
adults who completed EAC by 4 to 6 sessions was 1.28 times higher compared with HIV-infected adults who
completed EAC by 3 sessions (AHR: 1.29, 95% CI:1.01, 1.63) (Table 5).

Figure 4 The pie chart of the proportion of patients by final status among HIV-infected adults at high load public health facilities in Northwest Ethiopia, from 2016 to 2020
(n=427), (Blue=active, Orange=transferred out to other facility, Red=Lost to follow up, Green=dead).
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Discussion
This study followed 427 HIV-infected adults for a total of 95,763 observation days under analysis with the median
follow-up time of 109 days having 1 day and 1326 days of minimum and maximum follow-up days respectively. The
cumulative incidence of switching to second-line ART among HIV-infected adults with first-line virological failure was
67.4% over 4 years follow-up period with the overall incidence rate of switching 3/1000 person-days observation.

The finding of this study showed that the median time to switch was 162 days in which half of the HIV infected adults
were taking the already failed first-line ART up to 162 days despite the Ethiopian national guideline recommendation to
switch to second-line ART immediately after virological first-line treatment failure.5,7 This finding is greater than the
findings of the study in South Africa (102 days),19 Uganda and South Africa (116 days),16 and another study in South
Africa (121 days). The delay in switching might be due to resource-limited settings where second-line treatment options
are limited, HIV-infected adult’s behavior-related factor-like missed appointments that could delay the decision making
by the clinical switching team to switch the regimen. In South Africa, all community clinics were led by doctors which
might have contributed to the timely decision to switch to second-line ART.17 However in Ethiopia, no medical doctors
were available at health centers during the study period. In addition, in Ethiopia, because the third-line ART option is
available only in a few hospitals, clinicians’ reservation to not narrowing patients’ treatment options might be the
potential reason for delaying switching compared to other countries having a shorter time to switch.

Differing from that, the median time to switch in this study was lower than the median time of switch in the studies
done at South Africa (public hospital in eThekwini, KwaZulu-Natal; 192 days)28 and Uganda (243 days).17 The delays in
switching might be because the ART service was being scaled up to many facilities in South Africa and that allowed too
many patients were offloaded before knowing their final switching status.

The risk of switching to second-line ART among HIV-infected adults who had a history of first-line regimen change
was lower compared with their counterparts. This is in line with the study conducted in Myanmar,27 which probably
might be due to providers’ motivation to evaluate clinical outcomes of the newly modified better regimen that include
Dolutegravir by following for more periods against the standard and to preserve the chance of the patient’s treatment

Table 5 Bi-Variable and Multivariable Analysis of Predictors of Time to Switch to 2nd Line ART Among HIV-Infected Adults at High
Load Public Health Facilities in Northwest Ethiopia, from 2016 to 2020 (n=427)

Variable Category Switching Status CHR with (95%
CI)

AHR with (95%
CI)

P-value

Event Censored

Change in first-line ART Regimen No 192 73 1 1
Yes 96 66 0.62(0.48, 0.79) 0.53(0.41, 0.69) <0.01*

Viral RNA at failure 1001–10,000 c/mL 86 52 1 1

10,001–60,000 c/
mL

125 58 1.22(0.93, 1.60) 1.37(1.03, 1.81) 0.027

≥60,000 c/mL 77 29 1.70(1.25, 2.32) 1.80(1.31, 2.48) <0.01*

Duration on first line ART ≤ 4 years 86 52 1 1
4−8 years 125 58 1.19(0.86, 166) 1.47(1.05, 2.06) 0.023

≥8 years 77 29 1.62(1.17, 2.27) 2.31(1.62, 3.29) <0.01*

Number of Missed appointments No 67 185 1 1
1–4 appointments 58 88 0.80(0.62, 1.04) 0.85(0.65, 1.10) 0.231

≥4 appointments 14 15 0.54(0.32, 0.92) 0.49(0.28, 0.84) 0.01*

Months between date of 1st & 2nd
HVL

< 6 months 105 35 1 1
6–12 months 109 46 1.05(0.80, 1.37) 1.08(0.82, 1.42) 0.545

≥12 months 74 68 0.75(0.55, 1.01) 0.76(0.56, 0.96) 0.094

EAC sessions 3 sessions 152 95 1 1
4–6 sessions 136 44 1.33(1.06, 1.68) 1.28(1.01, 1.63) 0.040*

Abbreviations: *, significant by multi-variable analysis; c/mL, copy per milliliter; AHR, adjusted hazard ratio; CHR, crude hazard ratio; CI, confidence interval; ART, anti
retro viral therapy; HVL, high viral load; EAC, enhanced adherence session.
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options. As Ethiopia has adopted the Dolutegravir rollout campaign since Feb 2019, ART providers might be motivated
to evaluate its effectiveness for more periods.

HIV-infected adults with viral RNA of 60,000 copies/mL or more were 1.8 times higher risk for switching to second-
line ART which is consistent with the study done in South Africa.19 The same is true for the studies done in Uganda17

and South Africa.29 An increasing viral load count shows the degree of the severity of uncontrolled viral replication
which in turn tells us impaired functionality of the first-line regimen. Virological treatment failure later leads to
worsening immunologic and clinical conditions. Due to that, health care providers might have perceived those patients
with worse health conditions need to be switched early. It is also suggestive that clinicians may delay switch to optimize
adherence and preserve first-line ART for patients with lower viral load count. In addition, the risk of HIV transmission is
higher among people with higher viral RNA copies.4,5 Therefore providers might consider that switching people with VF
to second-line ART as a prevention strategy. But the finding of this study is conflicting with the finding of the study done
in South Africa which is lower viral RNA copy was the risk for the switch to second-line ART. The possible reason for
the difference could be that in the previous study increased drug resistance and being non-adherent was common among
people with higher viral RNA copies. Due to this, providers focused on resolving the adherence problem before
switching. It could also be because of difference in study setting that includes categorization of viral RNA copies,
sample size, the health system factor, and the health care provider’s motivation.22

This study yields that, the risk of switching among HIV-infected adults with a history of 4 or more missed
appointments was lower than those with no missed appointments. It is supported by studies done in South
Africa.18,19,22 Healthcare providers indeed require repeated visits and exhaustive counseling to rule out causes of viremia
other than treatment failure through intensive adherence counseling. So, a lower risk of switching among HIV-infected
adults with a history of 4 or more missed appointments might be because healthcare providers had no repeated
opportunity to assess possible causes and decide to take action.

This study also evidenced that the risk of switching to second-line ART among HIV-infected adults with the duration
of 8 or more years taking on the first-line treatment was 2.31 times higher compared with those with less than 4 years
taking on first-line ART. This finding is in agreement with the study done in sub-Saharan African countries21 and low-
income countries.24 This might reflect that the advancement in first-line regimens to a more effective drug in people who
started ART in the recent years, including improved expertise in managing treatment-related complications, as well as
more cautious management towards treatment failure, which required an additional adherence check and not to
narrowing the treatment options for HIV infected adults where there is limited access to a third-line regimen.
Opposing to that, studies done in South Africa stated that, starting ART in recent years had an increased risk of switch
relative to starting ART in remote years.18 The difference might be due to the study setting and period.

The current study also showed that EAC of 4–6 sessions was also found to be an important independent predictor of
time to switch, in which EAC of 4–6 sessions had a 1.28 risk of switch compared with EAC of 3 sessions. This is
probably because frequent visits and counseling support help the provider to be certain that adherence problems are
resolved and decide to switch early. Effective EAC improves patients’ compliance to the ART by resolving adherence
barriers working on patients’ behavioral, cognitive, emotional, and social factors. Therefore, it results in up to 70% of
viral re-suppression in patients with first HVL. It reflects the importance of repeated EAC in improving the care as well
to support the certainty of the cause of viremia, which eases the decision to continue on the first-line regimen or to switch
to second-line ART.5,30

Conclusion
This study reflects time to switch to second-line ART following first-line Virological failure is 162 days, higher than
other related studies. But the rate of switching was higher among HIV infected adults with viral RNA 60000 copies/mL
or more, eight years or more duration on first-line ART and EAC of 4 to 6 sessions, and lower among HIV infected adults
with a history of first-line regimen change and four or more missed appointments. So, intervention strategies that support
patients to have timely switch without due delays as soon as virologic failure should be prioritized.
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Abbreviations
AHR, adjusted hazard ratio; AIDS, acquired immune deficiency syndrome; ART, anti-retroviral therapy; ARV, anti-
retroviral; BMI, body mass; CPT, cotrimoxazole prophylactic therapy index; EAC, enhanced adherence counseling; EAS,
enhanced adherence support; HAART, highly active ant-retroviral therapy; HIV, human immune deficiency virus; KM,
Kaplan–Meier; TPT, tuberculosis preventive therapy; PI, protease inhibitor; VF, virological failure; VL, viral load.
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