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Background: Even though there are many patients on second-line antiretroviral therapy (ART) in Ethiopia, there is a paucity of 
evidence on the rate of viral resuppression and its predictors. Therefore, this study aimed to determine a time to viral resuppression and 
identify predictors among adults on second-line ART in South Wollo public hospitals, northeast Ethiopia.
Methods: A retrospective-cohort study design was employed using patients enrolled in second-line ART from August 28, 2016 to 
April 10, 2021. Data were collected using a structured data-extraction checklist with a sample size of 364 second-line ART patients 
from February 16 to March 30, 2021. EpiData 4.6 was used for data entry and Stata 14.2 was used for analysis. The Kaplan–Meier 
method was used for estimating time to viral resuppression. The Shönfield test was used to check the proportional-hazard assumption, 
and the “no interaction” stratified Cox assumption was checked using the likelihood-ratio test. A stratified Cox model was applied to 
identify predictors of viral resuppression.
Results: Median time to viral re-suppression in patients on a second-line regimen was 10 (IQR 7–12) months. BeingFemale 
(AHR 1.31, 95% CI 1.01–1.69), low viral load count at switch (AHR 1.98, 95% CI 1.26–3.11), normal-range BMI at switch 
(AHR 1.42, 95% CI 1.03–1.95), and lopinavir-based second-line regimen (AHR 1.72, 95% CI 1.15–2.57) were significant 
predictors of early time to viral resuppression after stratification by WHO stage and adherence level.
Conclusion: Median time to viral re-suppression after switching to second-line ART was 10 months. In the stratified Cox model, 
female sex, baseline viral copies, second-line regimen type, and BMI at switch were statistically significant predictors of time to viral 
resuppression. Different stakeholders working on the HIV program should maintain viral resuppression by addressing significant 
predictors, and ART clinicians should consider ritonavir-boosted lopinavir based second-line ART for newly switched patients.
Keywords: time to viral resuppression, predictors, second-line ART, stratified Cox model

Introduction
The global community has committed to ending the HIV pandemic as a public health threat by 2030 as part of the UN 
Sustainable Development Goals.1,2 Despite major progress in the response, HIV pandemics continue to pose a serious 
public health burden globally, especially in sub-Saharan Africa carries the highest burden in which75% of deaths due to 
HIV/AIDS was accounted in, a Joint United Nations Programme on HIV/AIDS (UNAIDS) 2014 report.1,3

According to a WHO global report, in 2018 6.8% of patients were receiving second-line treatment worldwide.4 In 
sub-Saharan Africa, nearly 1.63 of every 100 HIV patients switch to second-line antiretroviral therapy (ART) 
every year.5 In Ethiopia, patients on second-line treatment account for 1.5% of all ART users.6 Although the number 
of patients switching to second-line ART is increasing in sub-Saharan Africa, the development of treatment failure 
on second-line ART is a challenge to sustaining viral resuppression.7,8 Second-line ART is recommended for patients 
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resistant to first-line ART that contains a minimum of three active drugs, of which one should be in a new class to 
increase the likelihood of treatment success and minimize the risk of cross-resistance.9–11

The goal of ART is viral load suppression and increases the CD4 count which eventually improves the general health 
of the clients and prevents transmission of HIV to others.9,12 For patients on second-line ART, viral re-suppression is 
considered when the virus is unable to replicate itself in the patient’s blood, viral load maintained <1000 copies/mL, or 
the virus being undetectable in the blood within a given course of treatment.9 Undetectable viral load makes patients have 
strong motivation and adhere to their medication and follow-up care, and is a key indicator of treatment success.9,10

Virological suppression varies across different contexts and patient characteristics. Most patients achieve undetectable 
viral load within 6 months following initiation of second-line ART.13 Achieving and maintaining viral suppression depends on 
the patient’s personal and clinical factors.11 In previous studies, CD4 count at switch,14,15 viral load count at switch,12,16,17 

adherence,12,13,16,18 younger age,17 duration of viremia,17 BMI,15,19 history of TB,19 smoking and alcohol use,20 drug 
compliance level,18,19 and baseline resistance level to 3TC/TDF18 were some of the predictors of viral re-suppression after 
switching to second-line ART.

Recent evidence shows that more than half of the patients on second-line ART in low- and middle-income countries 
do not achieve or maintain continuous viral re-suppression.14 In Ethiopia, about one third of adults living with HIV in 
rural areas do not achieve viral suppression, and viral load suppression in some regions of Ethiopia is still low.21 As 
a result of this, there is a need for additional work to be done to strengthen the timely and proper use of viral load results 
to guide clinical decisions for patients on ART.22

Although there are many patients on second-line ART in Ethiopia, there is a paucity of evidence on time to viral 
resuppression and its predictors after switching to second-line ART. One study focused on the rate of viral resuppression 
based on a sample from a single health-care setup, and thus the representativeness and generalizability of the 
findings were limited.23 Unlike that study,23 the current study assessed the median time of viral suppression by including 
other sites and hospitals not yet assessed. The aforementioned study23 was not analyzed in the current study, since it was 
published after data collection and analysis had been conducted. Predictors that influence time to viral resuppression vary 
across different settings and population groups, and thus the use of context-based evidence is crucial for the design and 
implementation of effective intervention measures.

Studying time to viral resuppression and its predictors among second-line ART patients would be a significant input 
for different stakeholders regarding the current virological status of second-line ART users and help to plan future third- 
line ART needs. The study could also be used to track the progress towards the third of the 95–95–95 UNAID target by 
2025. Therefore, this study aimed to determine the time to viral resuppression and identify its predictors among patients 
on second-line ART who had been followed in South Wollo public hospitals in northeast Ethiopia.

Methods
Study Design, Setting, and Period
A multicenter institution-based retrospective-cohort study design was employed. The study was conducted in South 
Wollo hospitals, which provide second-line ART service. South Wollo carries the highest burden of HIV in the Amhara 
region. HIV prevalence in South Wollo in 2015–2018 surveillance was 8.7% and 8.5% in Dessie, and the incidence of 
HIV in Dessie was highest in the Amhara region (5.74 per 1000 population).24 Currently, in South Wollo a total of 1319 
patients are on second-line ART.25 South Wollo public hospitals that provide second-line ART include Dessie 
Comprehensive Specialized Hospital, Boru Meda General Hospital, Akesta General Hospital, Mekaneselam General 
Hospital, Sayint Primary Hospital, Tenta Primary Hospital, and Wureilu Primary Hospital. The study period was from 
August 28, 2016 to April 10, 2021, and the data were extracted from February 16 to April 10, 2021.

Participants
The source population was all second-line ART people living with HIV attending South Wollo public hospitals. The 
study included all HIV-infected patients on second-line therapy who were enrolled during the study period in South 
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Wollo public hospitals providing second-line ART service. Clients who had had follow-up <6 months and who had 
no second viral load test results were excluded from the study.

Sample-Size Determination and Sampling Technique
The required sample size was determined using Epi Info software by considering the 95% CL, 80% power, and 
percentage of outcomes in exposed and unexposed groups of variables taken from previous studies on second-line 
ART. In a previous study, CD4 count, viral load at switch, and adherence level were selected based on their clinical 
importance and statistically significant association with viral load resuppression after switching to second-line ART. 
Among all variables, CD4 count at switch to second-line ART15 yielded a sufficient sample size of 364. All hospitals that 
provide second-line ART services in South Wollo were included in the study. The total sample size was proportionally 
allocated depending on the number of clients on second-line ART in each hospital during the study period. Participants 
from each hospital were selected through simple random sampling using a computer-generated lottery method from their 
ART smart-care registration.

Variable Measurement
The dependent variable was time to viral load resuppression. The time variable in this study was the time from initiation 
of second-line ART to viral resuppression <1000 copies/mL of blood. The event of interest was success (event = 1) if 
patients had viral resuppression, with event = 0 if censored. Independent variables were age at initiation of second-line 
ART, sex, marital status (single/married/divorced/ widowed), place of residence (urban/rural), education (none/primary/ 
secondary/higher education), occupation (government-employed/self-employed/farmer). Behavioral and social factors 
considered were history of smoking (yes/no), alcohol use (yes/no), chat chewing (yes/no), disclosure (yes/no), and 
enhanced adherence support given (yes/no).

Clinical and treatment related factors were first-line regimen before switch (efavirenz-based/neverapin-based), 
second-line regimen (ritonavir-boosted atazanavir [atazanavir/r]- or lopinavir/r-based), history of first-line regimen 
change (yes/no), viral load count at switch (1000–10,000/10,000–100,000/>100,000 copies/mL), CD4 count at switch 
(<200/200–400/>400 cells/mm3), adherence (poor/fair/good), functional status (working/ambulatory/bedridden), WHO 
clinical stage (I/II/III–IV), use of cotrimezazole preventive therapy (yes/no), isoniazid preventive therapy use (yes/no), 
and BMI at initiation (<18.49/18.5–24.9/>25 kg/m2).

Operational Definitions
Viral resuppression was defined as a viral load count <1000 copies/mL of blood or undetectable viral load after a given 
duration of treatment.9,26 Right censoring was if the patient died, was lost to follow-up (LTFU), was transferred to 
another treatment site, developed any other outcome without experiencing viral resuppression, or had not virally 
resuppressed at the end of the study period. Time defined as the duration taken to re-suppress thier viral load following 
initiation of second-line ART, and for unsuppressed clients, it was the point at which they had their final measured of 
viral load or duration since the start of second-line ART (months). Beginning time was defined as the date of second-line 
ART initiation. Ending time was defined as the date of confirmed viral suppression for suppressed and the last measured 
time for unsuppressed patients. Adherence was measured by patient self-report of the number of doses they had missed in 
the month prior, and designated good, fair, or poor.27

Data-Collection Tool and Data Quality Control
A structured data-extraction checklist was prepared in line with the chronic HIV follow-up form and HIV intake forms. 
Secondary data were collected retrospectively from chronic ART follow-up forms and routinely collected follow-up data 
available from ART cohort registration, ART intake forms, and viral load registration books. Sociodemographic data 
were collected from ART follow-up forms and ART intake forms. Two trained nurses working in the ART clinic at each 
study setting were selected as data extractors.

Data quality was maintained by developing a simple and easily understandable data extraction checklist which was 
prepared in line with the current chronic HIV care follow-up formats. Two days of training were delivered for all data 
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collectors and supervisors on the purpose of the study, participant selection technique and data extraction methods on 
patient follow-up forms and registration books, and how to record the data. Supervisors from each site were assigned 
during data collection to assess incomplete data on a daily based and after the data collection period, the principal 
investigators also controlled the overall activities during the data collection period.

Data Processing and Analysis
The extracted data were entered and coded in EpiData 4.6 and then it was exported to STATA software (version 14.2) for 
analysis. Descriptive statistics, including mean, median, and frequency tables were presented to describe the character
istics of the study participants. Rate Viral resuppression after initiation of second-line ART had been described by 
incidence density and proportion of viral resuppression from the total sample size. Time to viral resuppression was 
calculated using Kaplan–Meier survival function. Kaplan–Meier curves and tables for log-rank tests were used to 
estimate overall median survival and compare median survival between categorical variables.

The proportional-hazard assumption using the Shönfield test was checked to determine model fitness. A stratified Cox 
model without interaction regression was used to identify predictors of viral resuppression after switching to second-line 
ART. Variables with P<0.25 on bivariate Cox regression were candidates for multivariate analysis of the stratified Cox 
model. Crude and adjusted HRs with corresponding 95% CIs and P-values were computed and interpreted according to 
their statistical significance (P<0.05 on multivariate analysis interpreted using AHRs).

Results
Sociodemographic Characteristics
Of 364 patient cards, 35 (9.6%) medical folders were taken from primary hospitals, 129 (35.4%) from general hospitals, 
and 200 (54.9%) from referral-and-above hospitals. Of the 364 second-line ART patients, 205 (55.5%) were male. The 
mean age of patients was 36.78±12 years, 205 (56.3%) were urban residents, and half 184 (50.5%) were married. 
Detailed sociodemographic characteristics of the patients are in Table 1.

Table 1 Sociodemographic characteristics of patients on second-line ART in South 
Wollo Zone public hospitals, Northeast Ethiopia(n=364)

n %

Sex Female 162 44.5
Male 202 55.5

Age <35 years 163 44.8

35–44 years 118 32.4
≥45 years 83 22.8

Marital status Single 88 24.2
Married 184 50.5

Divorced 56 15.3

Widowed 36 9.9
Residence Urban 205 56.3

Rural 159 43.7.

Education None 78 21.4
Primary 127 34.9

Secondary 92 25.3

Diploma and above 67 18.4
Employment status Employed 176 48.4

Unemployed 132 36.3

Farmer 56 15.4
Religion Orthodox 142 39

Muslim 222 61
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Behavior-Related Characteristics
In sum, 279 (76.6%) patients had disclosed their HIV status to at least one person and almost half 184 (50.5%) had 
missed ART doses during the study period. Among these, 39 (21.4%) reported that this was due to forgetting to take the 
drug. Regarding appointments, 172 (47.3%) had missed at least one clinical visit during the study period. Among these, 
40 (23.4%) reported illness as the main reason. Among 224 patients who received enhanced adherence counseling, >90% 
had - more than two EAC sessions Table 2.

Clinical and Treatment-Related Characteristics
Median CD4 count at switch was 213 (IQR 124–343) cells/mm3 and median viral load count was14,895 (IQR 4729–41,463) 
copies/mL. Mean hemoglobin level at switch was 13.309±2.1 g/dL. More than half (56.3%) had been taking efavirenz-based 
first-line ART, whereas 319 (87.6%) patients were on atazanavir/r-based second-line ART. A total of 194 (53.3%) patients 
were WHO stage I, 111 (30.5%) stage II, and 59 (16.2%) developed WHO stage III and IV opportunistic infections. Overall, 
268 (73.6%) had good adherence, 50 (13.7%) fair adherence, and 46 (12.6%) poor adherence (Table 3).

Table 2 Sociobehavioral characteristics of patients on second-line ART in South Wollo 
Zone public hospitals, Northeast Ethiopia (n=364)

n %

Disclosure of HIV status Yes 279 76.6

No 85 23.4
Missed ART doses Yes 184 50.5

No 180 49.5

Missed clinic appointment Yes 172 47.3
No 192 52.7

Enhanced adherence counseling given Yes 224 61.5

No 140 38.5

Table 3 Clinical and treatment-related characteristics of patients on second-line ART IN 
South Wollo Zone public hospitals, Northeast Ethiopia (n=364)

n %

History of first-line regimen change Yes 130 35.7
No 234 64.3

First-line regimen Efavirenz-based 205 56.3

Nevirapine-based 159 43.7
Second-line regimen Atazanavir/r-based 319 87.6

Lopinavir/r-based 45 12.4

WHO stage at switch I 194 53.3
II 111 30.5

III–IV 59 16.2

Functional status Working 296 81.3
Ambulatory 68 18.7

CD4 count at switch ≤200 cells/mm3 175 48

201–400 cells/m3 133 37
>400 cells/mm3 56 15

Viral load at switch 1000–10,000 copies/mL 132 36.3

10,001–100,000 copies/mL 174 47.8
>100,000 copies/mL 58 16

BMI at switch 18.5–24.9 kg/m2 277 76.1
≤18.49 kg/m2 87 23.9

(Continued)
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Time to Viral Resuppression on Second-Line ART
Median time to viral resuppression after switching to second-line ART was 10 months.7–11,14 After a minimum of 6 
months on second-line ART, the incidence of viral resuppression was 84/1000 person-month follow-up, and the 
proportion of viral resuppression during the study period was 293 (80.5%) (Table 4). The Kaplan–Meier estimation 
showed that there was a difference in median time to viral resuppression among groups of predictors (WHO clinical 
stage, viral load at switch, second-line regimen, adherence level, and BMI; (Table 5).

Estimated median time to viral resuppression for females was 9 (IQR 7–11) months, which was significantly shorter 
than for males (10 [IQR 7–12] months, log-rank P=0.0231). For patients on an atazanavir-based second-line regimen, 
estimated median survival was 10 (IQR 7–12) months, which was longer than patients on a lopinavir-based regimen (7 
[IQR 6–11] months; log-rankP=0.0106). By WHO clinical stage, estimated median survival for stage I patients was 8 
(IQR 6–11) months,which was relatively shorter than stage II patients (11 [QR 8–13] months; log-rank P=0.0001). There 
was a significant difference in estimated survival between patients with viral load of 1000–10,000 copies (8 [IQR 6–10] 
months), 10,000–100,000 copies (10 [IQR 7–12] months), and >100,000 copies (12 [IQR 10–13] months; P<0.0001), but 
there was no significant difference in median survival between viral load of 10,000–100,000 copies and >100,000 copies. 
There was a statistically significant difference in median survival of patients with good adherence (9 [IQR 7–12] months) 
and poor adherence (13 [IQR 10–15] months; log-rank P<0.0001). There was a statistically significant difference in 

Table 4 Kaplan–Meier estimation of time to viral resuppression

Time, months Beginning total Failure Censored Functioning SE 95% CI

5 364 2 0 0.9945 0.0039 0.9782 0.9986

6 362 45 0 0.8709 0.0176 0.8319 0.9014

7 317 56 15 0.717 0.0236 0.6677 0.7604

8 246 23 13 0.65 0.0252 0.5982 0.6969
9 210 27 12 0.5664 0.0266 0.5126 0.6167

10 171 31 4 0.4637 0.0274 0.4092 0.5164

11 136 29 5 0.3649 0.027 0.3121 0.4177
12 102 42 10 0.2146 0.0239 0.1698 0.263

13 50 12 8 0.1631 0.0223 0.1222 0.2092

14 30 10 0 0.1087 0.0204 0.0728 0.1527
15 20 14 4 0.0326 0.0127 0.0139 0.0647

16 2 2 0 0

Table 3 (Continued). 

n %

Use of IPT Yes 182 50

No 182 50
Use of CPT Yes 273 75

No 91 25

Adherence Good 268 73.6
Fair 50 13.7

Poor 46 12.6

Diagnosis of TB Yes 29 8
No 335 92

Diagnosis of other OIs Yes 55 15.1

No 309 84.9
Presence of ART side effects Yes 42 11.5

No 342 88.5
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median survival of patients with BMI 18.5–24.9 kg/m2 (9 [IQR 7–12] months) and BMI ≤18.49kg/m2 (11 [IQR 8–12] 
months; log-rank P=0.0052).

Model Fitness
The overall proportional-hazard assumption was fulfilled in the global test (P=0.1395), but WHO stage and adherence 
level failed to meet it. To select the best-fitted model for estimating the valid effect of predictors of time to viral 
resuppression, the standard Cox regression model, stratified Cox regression model without interaction, and stratified Cox 
model with interaction were compared using the likelihood ratio (LR) test, Akaike’s information criterion (AIC), and 
Bayesian information criterion.

Model 1: standard Cox regression model without stratification by WHO SAGE or adherence (AIC=2932.779).
Model 2: stratified Cox regression model with the assumption of no interactions (AIC=2067.63, best fit).
Model 3: stratified Cox regression model with interaction between predictors (AIC=2070.294).
For LR test statistics, no interaction assumption of the Stratified Cox regression model was fulfilled by comparing the 

log-likelihood statistics for noninteraction (model 2) or interaction (model 3) under the assumption of model 2 nested in 
model 3. The LR test result was x2=1.34, and this was insignificant (P=0.5126).

Predictors of Time to Viral Re-suppression
Bivariate Cox regression revealed that sex, education, history of first-line regimen change, WHO stage, CD4 count, viral 
load, BMI, second-line regimen type, and adherence were independent predictors of time to viral resuppression after 
switching to second-line ART (P<0.250 and candidates for the final multivariate Cox regression analysis. 
Multivariate stratified Cox regression without interaction (stratified by WHO stage and adherence) analysis revealed 
that sex, viral load at switch, BMI, and second-line ART regimen were statistically significant predictors of time to viral 
resuppression (P≤0.05, Table 6).

Adjusting for other predictors and controlling WHO stage and level of adherence by stratification, the rate of viral 
resuppression in females was 1.31 times higher thanthat of males (AHR 1.31, 95% CI 1.01–1.69). The rate of viral re- 
suppression for patients with viral load 1000–10,000 copies/mL was 1.98 times higher than that of patients with viral 
load >100,000 copies/mL after stratification by WHO stage and adherence (AHR 1.98, 95% CI 1.26–3.11).

BMI 18.5–24.9 kg/m2 increased time to viral resuppression by 1.42-fold when compared with BMI ≤18.49 kg/m2 

after stratification by WHO stage and adherence (AHR 1.42, 95% CI 1.03–1.95). A lopinavir-based second-line regimen 

Table 5 Median survival time by predictor variable with log-rank test

Median time to viral 
resuppression (IQR)

P

Sex Female 9 months (7–11) 0.0231

Male 10 months (7–12)

Second-line regimen Atazanavir-based 10 month (7–12) 0.0106
Lopinavir-based 7 months (6–11)

WHO stage I 8 months (6–11) 0.0001

II 11 months (8–13)
III–IV 10 months (8–12)

Viral load 1000–10,000 copies/mL 8 months (6–10) <0.0001
10,000–100,000 copies/mL 10 months (7–12)

>100,000 copies/mL 12 months (10–13)

Adherence Good 9 months (7–12) <0.0001
Fair 8 months (7–10)

Poor 13 months (10–15)

BMI 18.5–24.9 kg/m2 9 months (7–12) 0.0052
≤18.49 kg/m2 11 months (8–12)
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increased the time to viral resuppression by 1.72-fold when compared with an atazanavir-based second-line regimen after 
stratification by WHO stage and adherence (AHR 1.72, 95% CI 1.15–2.57).

Discussion
Median time to viral suppression was 10 (IQR (7–12) months, in line with a study done in Kenya.28 Patients are expected 
to achieve viral resuppression within 6 months following the initiation of second-line ART.11 In this study, median time 
was longer than expected time to viral resuppression, in line with a study done in Mozambique.29 This might be due to 
a lack of routine viral load testing as per the guidelines in these study settings.27 This suggests that routine viral load 
testing is important to determine the exact time to viral resuppression10,26 and essential to achieve the third component of 
the 95–95–95 UNAIDS target.9 It would be better to conduct a prospective cohort study on second-line ART patients to 
determine the actual time to viral resuppression after switching to second-line ART.

From sociodemographic characteristics, sex was a significant predictor of time to viral resuppression. Being female 
increased the rate of viral resuppression, consistent with a study done in Ethiopia.30,31 This might be due to better clinical 
adherence and better response to ART therapy in females than in males,32 and also perhaps due to the lower likelihood of 
females to be substance abusers. This finding is not supported by a study done in Eastern Europe,12 in which sex had no 
significant effect on viral suppression. This contradiction might be due to differences in other sociodemographic 
characteristics of the patients.

Another predictor was viral load at switch: low viral load at switch meant a shorter time to achieve viral resuppres
sion. This finding was consistent with studies done in South Africa,15,17 India,20 and Eastern Europe.12 Patients with low 
viral load can resuppress early after effective ART initiation, and those with high viral load at switch may have been 
severely immunocompromised, which can prolong the rate of viral resuppression.33 This finding suggests that timely 
switching of patients before viral load becomes very high might improve the rate of viral resuppression.14 This finding 
also suggests that patients with high viral load should receive enhanced adherence counseling services to have a good 
virological outcome.27

BMI was a significant predictor of time to viral resuppression. The rate of resuppression was higher among patients 
whose BMI was in the normal range (18.5–24.9 kg/m2). This finding was consistent with studies done in South 

Table 6 Bivariate cox regression and stratified cox regression without interaction (stratified by WHO stage and adherence level) 
analysis of predictors of time to viral resuppression (n=364)

Time to viral resuppression CHR (95% CI) AHR (95% CI) P

Suppressed Censored

Sex Female 135 (37.1) 27 (7.4) 1.28 (1.01–1.60) 1.31 (1.01–1.69) 0.041
Male 158 (43.4) 44 (12.1) 1 1

Education None 72 (19.7) 6 (1.6) 1.1 (0.7–1.5) 1.11 (0.73–1.68) 0.613

Primary 101 (2.7) 26 (7) 0.8 (0.5–1.1) 0.79 (0.54–1.14) 0.202
Secondary 72 (19.7) 20 (5.5) 0.8 (0.6–1.2) 0.77 (0.51–1.17) 0.223

Diploma and above 48 (13) 19 (5) 1 1

First-line regimen change Yes 94 (25.8) 36 (9.9) 1 1
No 199 (54.7) 35 (9.6) 1.2 (0.9–1.5) 1.19 (0.90–1.56) 0.22

CD4 count ≤200 cells/mm3 132 (36) 43 (12) 1 1

201–400 cells/mm3 111 (30.5) 22 (6) 1.24 (0.97–1.61) 0.99 (0.75–1.31) 0.959
>400 cells/mm3 50 (14) 6 (2) 1.24 (0.89–1.72) 1.05 (0.72–1.52) 0.794

Viral load at switch 1000–10,000 copies/mL 119 (32.7) 13 (3.6) 2.68 (1.76–4.08) 1.98 (1.26–3.11) 0.003

10,001–100,000 copies/mL 147 (40.4) 27 (7.4) 1.68 (1.11–2.53) 1.22 (0.79–1.88) 0.37
>100,000 copies/mL 27 (7.4) 31 (8.5) 1 1

BMI 18.5–24.9 kg/m2 335 (64.6) 42 (11.5) 1.44 (1.07–1.93) 1.42 (1.03–1.95) 0.031

≤18.49 kg/m2 58 (15.9) 29 (8) 1 1
Second-line regimen Atazanavir/r-based 260 (71.4) 59 (16.2) 1 1

Lopinavir/r-based 33 (9.1) 12 (3.3) 1.5 (1.1–2.2) 1.72 (1.15–2.57) 0.008
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Africa.15,19 This can be explained by a normal BMI indicating adequate nutritional status, which may affect early 
immunorecovery and increase T-lymphocyte proliferation, strengthening the body’s defense mechanisms against the 
replication of HIV.34 This implies that patients with low BMI should receive appropriate nutritional treatment and 
counseling as per treatment guidelines.

Second-line regimen type was a significant predictor of time to viral suppression. Patients on LPV/r-based second- 
line ART were more likely to experience viral resuppression than those on ATV/r-based second-line ART. This finding 
was consistent with a study done in Johannesburg, South Africa15 and one in Cambodia.35 This could be due to the fact 
that lopinavir is highly potent and less prone to inherent virus resistance.15,35,36 This study finding was also supported by 
a systematic review and meta-analysis study that concluded that a lopinavir/r-based second-line regimen had good 
efficacy in viral resuppression and immunological recovery and little drug resistance.37

Strengths and Limitations
We studied patients followed up in all hospitals in South Wollo with an adequate sample size from each hospital, and thus 
the generalizability of the findings is better. This study uses the stratified Cox model, which is an important extension of 
the ordinary Cox regression model, to allow for covariates with disproportionate hazards. Secondary data (data registered 
for another purpose) were used, which made it difficult to measure some predictor variables in appropriate ways and to 
find other important predictor variables. In the stratified Cox model, there was no way to assess the effect of stratification 
variables.

Conclusion
This study revealed that the median time to viral resuppression after switching to second-line ART was 10 months. 
Female sex, low viral load at switch, normal BMI, and lopinavir-based second-line regimen type were significant 
predictors of time to viral resuppression after stratification by WHO clinical stage and adherence. Those patients who 
failed to achieve viral resuppression may need additional adherence support to improve treatment outcomes.

Patients on lopinavir/r-based second-line ART have better virological outcomes. For hospitals, it is better to have 
adequate stock and increase utilization of lopinavir/r-based second-line regimens. ART clinicians and case managers 
should provide enhanced adherence counseling for all patients with high viral load. Health-care providers in hospitals 
should provide nutritional counseling and appropriate treatment for those patients with low BMI. This study has some 
limitations; therefore, it requires additional prospective studies by including such variables as substance use–related 
factors, organ-function tests, and other predictors by measuring variables directly from the patients. Some predictor 
variables in this study indicate time variation; therefore, it would be better to conduct time-dependent Cox regression to 
determine the valid effect of predictor variables on time to viral resuppression.
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