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Abstract

Antiretroviral therapy (ART) treatment failure remains a major public health concern, with

multidimensional consequences, including an increased risk of drug resistance, compro-

mised quality of life, and high healthcare costs. However, little is known about the outcomes

of second-line ART in Ethiopia. Therefore, this systematic review and meta-analysis aimed to

determine the incidence and determinants of second-line ART treatment failure. Articles pub-

lished in PubMed, Google Scholar, Science Direct, and Scopus databases were systemati-

cally searched. All observational studies on the incidence and predictors of treatment failure

among patients with HIV on second-line ART were included. A random-effects model was

used to estimate the pooled incidence, and subgroup analysis was performed to identify the

possible sources of heterogeneity. Publication bias was checked using forest plot, Begg’s

test, and Egger’s test. The pooled odds ratio was also computed for associated factors.

Seven studies with 3,962 study participants were included in this study. The pooled incidence

of second-line antiretroviral treatment failure was 5.98 (95% CI: 4.32, 7.63) per 100 person-

years of observation. Being in the advanced WHO clinical stage at switch (AHR = 2.98, 95%

CI: 2.11, 4.25), having a CD4 count <100 cells/mm3 (AHR = 2.14, 95% CI: 1.57, 2.91), poor

drug adherence (AHR = 1.78, 95% CI: 1.4, 2.25), and tuberculosis co-infection (AHR = 2.93,

95% CI: 1.93, 4.34) were risk factors for treatment failure. In conclusion, this study revealed

that that out of 100 person-years of follow-up, an estimated six patients with HIV who were on

second-line antiretroviral therapy experienced treatment failure. The risk of treatment failure

was higher in patients who were in an advanced WHO clinical stage, CD4 count <100 cells/

mm3, and presence tuberculosis co-infection. Therefore, addressing predictors reduces the

risk of treatment failure and maximizes the duration of stay in second-line regimens.
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Introduction

Anti-Retroviral Therapy (ART) is a critical turning point in the history of HIV infection,

which gradually causes HIV infection to become a chronic non-fatal condition [1]. According

to the Joint United Nations Programmed on HIV/AIDS (UNAIDS), approximately 38 million

people worldwide were living with HIV, and 25.4 million people were receiving antiretroviral

therapy (ART). Sub Saharan Africa, which disproportionately carries 70% of the global HIV

burden [2, 3]. In Ethiopia, the national HIV prevalence is 1.16%. The prevalence among the

urban population is 3.8% and varies from region to region, ranging from 0.54% in southern

Ethiopia to 5% in Addis Ababa [4].

Antiretroviral therapy (ART) has considerably improved the prognosis of people with

human immunodeficiency virus (HIV) infection [5]. Despite the remarkable progress made in

HIV treatment, a considerable proportion of patients experience treatment failure, and many

require second-line ART therapy. Second-line ART treatment failure is associated with multi-

ple factors including poor adherence to medication, drug resistance, and inadequate healthcare

access and provision [6].

Treatment failure is characterized by a decrease in CD4+ cell count and an increase in viral

load. Second-line ART is often used as a salvage option when the first-line regimen fails [7].

Recent estimates suggest that up to 20% of people receiving ART may require second-line ther-

apy, and this figure can reach up to 50% in some high-income countries [8, 9]. In Ethiopia,

1.5% of patients on ART use a second-line regimen [10]. It is estimated that 15% of people liv-

ing with HIV experience second-line treatment failure in Sub-Saharan Africa (SSA) [9], and

according to a recent study in Ethiopia, the incidence of treatment failure was 98.6/1000 per-

son-years [11]. Previous studies indicated that patients’ CD4 cell count at the time of switch-

ing, WHO clinical stage at switch, their functional status, whether they were co-infected with

TB, and their adherence to ART were all significant predictors of treatment failure [11–13].

Poor second-line ART treatment outcomes can have multidimensional consequences,

including an increased risk of drug resistance, which can make future treatments more chal-

lenging [14]. It can also lead to a decline in overall health and well-being, which can negatively

impact the quality of life of individuals living with HIV and increase the need for expensive

third-line treatment options. Moreover, it can increase the risk of HIV transmission because

individuals with treatment failure are more likely to have higher viral loads and be more infec-

tious. When a virus is exposed to antiviral medication, its genetic makeup can change, leading

to the development of drug-resistant strains. These strains can then be transmitted to other

individuals, resulting in widespread outbreaks that are difficult to manage. In addition, the use

of ineffective treatments can lead to more severe illness, longer hospital stays, and higher mor-

tality rates, making it critical to identify effective treatment options and promote their wide-

spread use to prevent the transmission of resistant viruses [14–16].

Ethiopia is one of the countries with a high burden of HIV/AIDS and has made significant

progress in scaling up ART services. However, despite these efforts, some patients experience

treatment failure, which can lead to the development of drug-resistant HIV strains. In Ethio-

pia, unlike other countries, a significant proportion of people living with HIV/AIDS reside in

rural areas where health infrastructure and access to care may be limited, posing a greater chal-

lenge in managing ART failure. Moreover, there are local determinants in Ethiopia that may

affect the prevalence and management of HIV/AIDS and ART failure. For instance, HIV-asso-

ciated stigma and discrimination, low health literacy, and poor treatment adherence are com-

mon issues that affect the retention of patients in care [17, 18]. Furthermore, there is a dearth

of systematic reviews and meta-analyses that summarize the available evidence on the preva-

lence of second-line ART failure and associated factors in Ethiopia. Therefore, this study
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aimed to determine the pooled incidence and determinants of second-line ART treatment fail-

ure in Ethiopia, by synthesizing data from previous studies. The results of this study will pro-

vide essential information for improving ART programs in other similar settings. In addition,

it will inform stakeholders about the current status of second-line ART users to maximize the

duration of stay on the second-line regimen and assist in planning for possible future needs.

Methods and materials

Study protocol registration and reporting

A systematic review and meta-analysis were performed to estimate the pooled incidence of sec-

ond-line ART treatment failure among patients with HIV on second-line ART. The Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were fol-

lowed [19] (S1 Checklist). This systematic review and meta-analysis protocol was registered in

PROSPERO under the reference number (CRD42024483963).

Data sources and searching strategy

Exhaustive literature searches in PubMed, Google Scholar, Science Direct, Scopus, and online

university research repositories were performed. All studies conducted on the incidence of

treatment failure among patients with HIV on second-line antiretroviral therapy in Ethiopia

were retrieved. The primary searching keywords included "magnitude" or "prevalence" or

“proportion” or ‘burden” or "incidence" and “second line ART” and “treatment failure” or

“virological failure” or “clinical failure” or “immunological failure” or “treatment outcome”;

and “predictors” or “determents” or “associated factors” and “patients with HIV” and “Ethio-

pia”. Gray literature from the online library repository and a manual search of references were

also searched. The search included all the articles published until September 2023.

Eligibility criteria

Inclusion criteria. Population. A study was carried out on patients with HIV on second

line antiretroviral therapy.

Study setting. Studies conducted across all regions of Ethiopia were considered.

Study design and language. All observational studies published in English in Ethiopia that

reported the incidence and/or predictors of second line antiretroviral therapy failure.

Exclusion criteria. This study excluded the studies that didn’t provide information on the

primary outcome of interest; and studies published as reviews, meta-analysis, and case series.

Outcome measurements. The primary outcome of this review was the incidence of sec-

ond-line antiretroviral treatment failure, defined as clinical, immunological, virological, or a

combination of those outcomes [7]. This study also examined the association between treat-

ment failure and associated factors and expressed the log odds ratio (OR). The determinants

considered in this review included ART drug adherence, advanced WHO stage, CD4 count,

and tuberculosis co-infection.

Data extraction

All articles retrieved from all databases were imported into Endnote X7, and duplicate articles

were removed. Two independent reviewers, GAK and GDW, screened all articles for eligibility

by first reviewing the titles and abstracts, followed by the full text. In case of any disagreement

regarding study selection, a third investigator, YSA, was invited to resolve the issue. Data were

then extracted from the included articles using Excel spreadsheet software. The data extraction

format included author names, years of publication, regions, study design, sample sizes,
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number of cases, person-years of observation and quality rating, and factors (ART drug adher-

ence, WHO clinical stage at switch, CD4 count at switch, and opportunistic infection).

Quality assessments

The Joanna Briggs Institute (JBI) tool, adapted for observational studies, was used to assess the

quality of each study [17]. The evaluation criteria included in the tool were as follows: appro-

priateness of the source population list; proper recruitment of study participants; sample size

sufficiency; appropriateness of the study area and subject description; data analysis with suffi-

cient coverage of the sampled data; measurement of the condition using a standard, reliable,

and consistent approach for all participants; suitability of statistical analysis; adequate response

rate; or use of an appropriate handling mechanism for low response rate. Each study was criti-

cally evaluated by two independent reviewers and any disagreements were resolved through

discussion. If the reviewers did not agree, a third reviewer was involved in resolving disagree-

ments between the independent reviewers. Studies were included in the final systematic review

and meta-analysis if they received a total score of�50% on the quality evaluation checklist cri-

teria (S2 Checklist).

Risk of bias assessment

The included studies were assessed for bias risk by two authors, AYG and BZW, using the bias

assessment tool developed by Hoy et al [20]. This tool includes ten items that evaluate bias as

well as internal validity and external validity of the study. If there was any disagreement during

the risk of bias assessment, the third author (MM) led a conversation to settle the issue. Exter-

nal validity, non-response bias, and selection bias were assessed by the first four items. The

remaining six items evaluated internal validity, bias linked to analysis, and assessment bias.

Research with a ’yes’ response to at least eight out of ten questions was categorized as having a

’low risk of bias.’ Studies that received a ’yes’ for 6–7 of the ten questions were classified as hav-

ing ’moderate risk’ of bias, while studies that received a ’yes’ for�5 of the ten questions were

classified as having ’high risk’ of bias (S1 Table).

Statistical analysis

After all relevant data were extracted; they were exported from Microsoft Excel to STATA

14.1. Heterogeneity across the studies was assessed using the inverse variance (I2) test. I-

squared value represented moderate (30–60%), substantial (60–90%), and considerable (90–

100%) heterogeneity. The pooled incidence of second-line ART failure was estimated based on

the Freeman–Tukey double arcsine transformation method with the Der-Simonian and Laird

random-effects model because of the high degree of heterogeneity (I2 >90.1%, p<0.001).

Egger’s and Begg’s tests were performed to examine publication bias.

The second outcome of this study was the factors associated with second-line ART treat-

ment failure among patients with HIV infection in Ethiopia. For determinants of second-line

ART treatment failure, the input variable required by “metan” contained the cells of the 2×2

tables; that is, the number of patients with HIV who did and who did not develop second-line

ART treatment failure among exposed, and the number of patients with HIV who did and

who did not develop second-line ART treatment failure among non-exposed groups in each

study. All potential determinants associated with second-line ART treatment failure was deter-

mined using the hazard ratio (HR) and were calculated based on the binary outcomes of the

included primary studies. The estimated pooled HR with 95% CI is reported. Finally, findings

were presented in the form of forest plots with the corresponding effect size and 95% CIs.
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Ethics statement

This study did not require ethical approval.

Results

Study selection

A total of 354 articles regarding second-line ART failure among patients with HIV in Ethiopia

were retrieved. Of the identified studies, 239 were excluded because of duplications and irrele-

vancies and 85 were removed after abstract and title screening. However, 30 studies met the

eligibility criteria, and 23 full-title articles were excluded for the following reasons (studies con-

ducted outside Ethiopia, studies with insufficient data, study population not on patients with

HIV, and studies that did not report the outcome interest). Finally, seven studies were

included (Fig 1).

Characteristics of included studies

A total seven studies were included in this systematic review and meta-analysis [11–13, 21–

24]. This meta-analysis included 3,962 PLWHIV on second-line antiretroviral with 9,497

Fig 1. PRISMA flow diagram of articles screened and the selection process on the pooled incidence of treatment failure among patients with HIV on

second-line ART in Ethiopia, 2023.

https://doi.org/10.1371/journal.pgph.0003138.g001
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person years of follow-up. All studies were institution-based retrospective follow-up studies. The

publication period spans from 2016 to 2023. The minimum and maximum sample sizes in

Amhara and Tigray were 192 and 1, 011, respectively [11, 21]. Of the included studies, three were

from Amhara [11–13], three from Tigray [21, 23, 24], and one from Addis Ababa [22] (Table 1).

Pooled incidence of second-line antiretroviral therapy failure (Meta-

analysis)

Seven studies involving 3,962 patients with HIV on second-line ART reported the incidence of

second-line ART failure. A total years of follow-up for the study participants was 9,497 per-

son-years of observation In the random effect pooled incidence of second-line ART failure in

Ethiopia was 5.98 (CI: 4.32, 7.63) per 100 person years of observation, with significant hetero-

geneity observed across the studies (I2 = 90.1%, p value < 0.001) (Fig 2). In terms of individual

studies, the highest 9.86 per 100 years of observation and the lowest (4.03%) incidence of sec-

ond-line ART failure was reported in studies in Amhara regions.

Subgroup analysis

Because of the high heterogeneity observed across the studies (I2 = 90.1%, p< 0.001), sub-

group analysis was performed based on the study area (regions where the studies were con-

ducted). As per region, the highest pooled incidence of treatment failure was observed in

Amhara region 6.7 (95% CI = 3.14, 10.25) per 100 person-years of observation and the lowest

was in Tigray 5.69 (95% CI = 4.44, 6.95) per 100 person-years of observation. However, as

shown in the figure the difference was not significant across the regions (Fig 3). Moreover, a

sub-group analysis by types of second line ART regimen revealed that the incidence of second-

line ART failure was 6.35 per 100 person-years of observation and 2.84 per 100 person-years of

observation on ATV/r based and lPV/r based drugs developed second line ART failure, respec-

tively (Fig 4). Sub-group analysis based on regimen change history during first-line ART indi-

cated that the incidence of treatment failure was 3.31 per 100 person-years of observation

among patients with HIV who had history of ART drug regimens (Fig 5).

Publication bias

To assess potential publication bias, funnel plots were visually inspected and statistically sup-

ported using Begg’s and Egger’s tests. A funnel plot showed symmetrical distribution of the

included studies in a large inverted funnel, indicating no publication bias (Fig 6). This was sup-

ported by Begg’s and Egger’s tests, which revealed no publication bias among the studies

included to estimate the pooled incidence of second-line ART failure among adults with HIV

in Ethiopia, with p-values of (p<0.83).

Table 1. Descriptive summary of studies included in the meta-analysis of second-line antiretroviral treatment failure and its predictors among patients with HIV

in Ethiopia, 2023.

Authors(Year) Region Study participant Study design Sample size Number of cases Person-years of observation Quality rating

Alene et al (2019) [11] Amhara Adults RFU 1011 254 2576 7

Giday et al (2023) [21] Tigray Adults RFU 192 47 872 6

Haftu et al (2020) [23] Tigray Adults RFU 227 57 789 6

Masresha et al (2021) [24] Tigray Adults RFU 474 73 1480 7

Tsegaye et al (2016) [13] Amhara Adults RFU 356 67 1085 6

Wodajo et al (2022) [12] Amhara Adults RFU 642 39 968 7

Zakaria et al (2022) [22] Addis Ababa Adults RFU 360 44 1027 7

https://doi.org/10.1371/journal.pgph.0003138.t001
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Fig 2. Forest plot displaying on the pooled incidence of treatment failure among patients with HIV on second-line

antiretroviral therapy in Ethiopia, 2023.

https://doi.org/10.1371/journal.pgph.0003138.g002

Fig 3. Forest plot displaying subgroup analysis on the pooled incidence of treatment failure among patients with

HIV on second-line antiretroviral therapy in Ethiopia, 2023. Abbreviations: ES, effect Size; CI, Confidence Interval.

https://doi.org/10.1371/journal.pgph.0003138.g003
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Sensitivity analysis

Sensitivity analysis was used to assess the effect of a single study on second-line ART treatment

failure among PLWHIV on second-line ART regimens in Ethiopia by excluding each study at

a time. The findings revealed that no single study showed a statistically significant difference

in the pooled incidence of second-line ART treatment failure among PLWHIV on second-line

ART regimens in Ethiopia (Fig 7).

Predictors of second-line antiretroviral treatment failure

To identify risk factors of second-line ART treatment failure, variables such as age, duration of

follow-up, Advanced WHO clinical stage, ART drug adherence, baseline CD4 count, Body

mass index and tuberculosis co-infection were extracted from the included studies. Finally,

four variables were identified as independent predictors of second-line ART treatment failure:

poor ART drug adherence, CD4 count< 100cells/mm3 at change, advanced WHO clinical

stage and tuberculosis co-infection.

Fig 4. Forest plot displaying subgroup analysis by regimen changes on the pooled incidence of treatment failure among patients

with HIV on second-line antiretroviral therapy in Ethiopia, 2023. Abbreviations: ES, effect Size; CI, Confidence Interval.

https://doi.org/10.1371/journal.pgph.0003138.g004
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Association between treatment failure and CD4 count at changing regimens

Four primary studies reported a low CD4 count of< 100cells/mm3 at switch as a risk factor for

treatment failure among patients with HIV on second-line treatments. In this meta-analysis, the

pooled hazard ratio revealed that patients with a CD4 count< 100cells/mm3 at switch were

2.14 times more likely to experience treatment failure (AHR: 2.14, 95% CI: 1.57, 2.91) (Fig 8).

Association between treatment failure and advanced WHO clinical stage at switch.

The WHO clinical stage at switch was found to be a risk factor for failure of second-line HIV

therapies in four primary studies. The pooled risk of second-line treatment failure was almost

three times higher among PLWHIV with advanced WHO clinical stage at switch than among

those with WHO clinical stage I/II (AHR: 2.98, 95% CI: 2.11, 4.25) (Fig 9).

Association between treatment failure and poor ART drug adherence. Among patients

with HIV on second-line treatments, advanced WHO clinical stage at switch was associated

with treatment failure in four primary studies. The hazard of treatment failure was nearly two

times higher among those who had poor adherence to ART drugs compared to those who had

good levels of adherence (AHR: 1.78, 95% CI: 1.4, 2.25) (Fig 10).

Fig 5. Forest plot displaying subgroup analysis by types of second line drugs on the pooled incidence of treatment failure among

patients with HIV on second-line antiretroviral therapy in Ethiopia, 2023. Abbreviations: ES, effect Size; CI, Confidence Interval.

https://doi.org/10.1371/journal.pgph.0003138.g005
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Fig 6. Forest plot displaying publication bias on the pooled incidence of treatment failure among patients with HIV

on second-line antiretroviral therapy in Ethiopia, 2023.

https://doi.org/10.1371/journal.pgph.0003138.g006

Fig 7. Forest plot displaying sensitivity analysis on the pooled incidence of treatment failure among patients with

HIV on second-line antiretroviral therapy in Ethiopia, 2023.

https://doi.org/10.1371/journal.pgph.0003138.g007
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Association between treatment failure and tuberculosis co-infection. In three primary

studies, having tuberculosis co-infection was associated with treatment failure among patients

with HIV on second-line ART treatments. The hazard of treatment failure was 2.93 times

higher among those who had tuberculosis co-infection as compared to those who had not

(AHR: 2.93, 95% CI: 1.93, 4.34) (Fig 11).

Discussion

Second-line ART treatment failure increases the risk of drug resistance, compromises the qual-

ity of life, and increases the need for expensive third-line treatment options. Therefore, deter-

mining the incidence and predictors of second-line treatment failure provides insights for

designing contextually relevant strategies and policies. In this study, the incidence of second-

line treatment failure was 5.98 (95% CI: 4.32, 7.63) per 100 person-years of observation. The

incidence of viral failure in our study is similar to the UNAIDS goal of 5% of patients with

undetectable viral load [25] indicating with continued efforts, Ethiopia can continue to make

progress in the fight against HIV/AIDS and improve the health outcomes of its population.

This finding was also nearly similar to that of studies conducted in a multicenter study in Asia

8.8 per 100 person-years) [26] and Myanmar 7.9 per 100 person-years) [27]. However, this

finding was lower than that reported in a meta-analysis of sub-Saharan Africa (15.0%) [9] and

Fig 8. The pooled hazard ratio of the association between CD4 count and treatment failure among PLWHIV on second-line

antiretroviral therapy in Ethiopia, 2023.

https://doi.org/10.1371/journal.pgph.0003138.g008
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India (15%) [28]. Variations in the study population and design may account for this disparity.

For example, this review estimated the pooled incidence using person-years of follow-up as a

denominator, whereas the studies in SSA estimated the prevalence, which could result in an

overestimation of the incidence of treatment failure. In addition, this could be due to a com-

plex interplay of factors related to healthcare systems, resources, disease patterns, patient

demographics, and patient adherence to treatment. This study highlights the need for tailored

approaches to address the challenges faced in providing effective HIV care in Ethiopia.

In the subgroup analysis, the likelihood of second-line antiretroviral treatment (ART) failure

varies depending on the drugs used. The pooled incidence of second-line ART failure was 7.49

per 100 person-years of observation among those HIV patient on LPV/r based ART drug regi-

mens and 6.72 per 100 person-years of observation among those HIV patient on ATV/r based

ART drug regimens. Compared to ATV/r, LPV/r is associated with a higher risk of treatment

failure due to factors such as drug potency, resistance profiles, and potential interactions with

other medications [29]. Additionally, LPV/r may promote the development of drug-resistant

HIV variants, which can result in virological failure in patients on LPV/r-based regimens. The

numerous drug interactions associated with LPV/r can also affect drug levels, efficacy, and tox-

icity [30]. To prevent second-line ART treatment failure, it is important to address adherence

issues, monitor drug interactions, and carefully consider the specific drug regimens used. Sus-

tainable monitoring and individualized care are crucial for optimizing treatment outcomes.

In this study, the predictors of second-line ART failure were identified. Poor adherence to

ART drugs, opportunistic infection, CD4 count < 100cells/mm3 at switch, and advanced

WHO clinical stage III/IV at switching were identified as risk factors for second-line ART fail-

ure. Poor adherence to ART drugs has been identified as a risk factor for second-line

Fig 9. The pooled hazard ratio of the association between advanced WHO clinical stage and treatment failure among PLWHIV on

second-line antiretroviral therapy in Ethiopia, 2023.

https://doi.org/10.1371/journal.pgph.0003138.g009
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antiretroviral treatment failure. The likelihood of second-line ART treatment failure was

approximately three times higher among those with poor adherence to second-line ART

drugs. This finding is consistent with those of studies conducted in South Africa, Vietnam,

and other resource-limiting countries [31–33]. This might be because adherence to antiretro-

viral medication (ART) is critical to the therapeutic outcome of those living with HIV [34].

This is because people who do not closely follow their doctor’s prescription may not take their

medications as directed. Moreover, the reason for this could be that, in the event of non-adher-

ence, the blood concentration of antiretroviral drugs is insufficient to inhibit the replication of

the viral RNA, which results in the failure of second-line antiretroviral therapy and the crea-

tion of drug-resistant viruses.

Advanced WHO clinical stage at the switch to second-line antiretroviral treatment is a risk

factor for treatment failure. Similar findings were reported in studies in South Africa [35],

Uganda [36], and India [37]. This could be explained by a variety of possible reasons, such as

drug resistance to first-line medication during treatment, making second-line medication less

effective [38]. In addition, delayed diagnosis and treatment might have already progressed to

an advanced stage of HIV and may have a higher viral load and lower CD4 cell count, which

reduces treatment effectiveness and increases the risk of treatment failure. Moreover, adher-

ence to the complex medication regimen required for second-line treatment can lead to treat-

ment failure [39]. Therefore, proper monitoring, support, and adherence education can help

mitigate these risks and improve the treatment outcomes.

In this study, a CD4 count <100 cells/mm3 at the switch was significantly associated with a

higher risk of treatment failure. The incidence of second-line treatment failure was found to be

higher in patients with a CD4 count < 100 cells/mm3. This finding is consistent with previous

Fig 10. The pooled hazard ratio of the association between level of ART drug adherence and treatment failure among PLWHIV on second-line

antiretroviral therapy in Ethiopia, 2023.

https://doi.org/10.1371/journal.pgph.0003138.g010
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studies conducted in Malawi [40], South Africa [33], and Vietnam [32]. A low CD4 count is

often associated with a high probability of opportunistic infections, which may contribute to

treatment failure.

Lastly, tuberculosis co-infection was also found to be a significant factor associated with

treatment failure among patients on ART. Studies in South Africa and Uganda have shown

that co-infection is a determining factor for ART treatment failure [41, 42]. This may be due to

the presence of advanced opportunistic infections, which may deplete CD4 counts and com-

promise immunity, or the fact that medications for co-infection treatment and ART together

can contribute to double burden side effects.

Limitation of the study

Despite the study being nationally based, there were limitations such as only including articles

published in English and only representing studies from three regions and one administrative

town of the country, which may have biased the estimate of treatment failure incidence for the

entire Ethiopian context. Lastly, some of the findings were discussed with primary studies because

only a few national and international systematic reviews and meta-analyses were available. There-

fore, it is essential to consider the potential impacts of these factors when interpreting reports.

Conclusion

In conclusion, the research findings indicate the pooled incidence of second-line treatment

failure was 5.89 per 100 person-years of observation. This implies that out of every 100

Fig 11. The pooled hazard ratio of the association between opportunistic infection and treatment failure among PLWHIV on second-line

antiretroviral therapy in Ethiopia, 2023.

https://doi.org/10.1371/journal.pgph.0003138.g011
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persons-year of follow-up approximately six patients experienced treatment failure. The study

identified a higher risk of second line ART failure among patients who had poor level of ART

drug adherence, advanced WHO clinical stage at switch, CD4 count <100 cells/mm3 at switch

and presence of tuberculosis co-infection. Hence, strategies targeting the identified risk factors

are essential for improving the effectiveness of second-line ART.
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