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	TITLE 
	

	Title 
	1
	Virologic Failure and Determinants among HIV patients progress towards the third 95% global target in Africa: systematic review and network meta-analysis


	1

	ABSTRACT 
	

	Abstract
	2
	 Background: Joint United Nations program on HIV/AIDS 95–95-95 ambitious goal recommends 95% of people living with HIV and taking antiretroviral therapy should achieve viral suppression by 2030. However, virological failure continues to be a global public health concern, particularly in nations in Africa. Therefore, the aim this systematic review and meta-analysis is to estimating the prevalence of virological failure and its associated factors among peoples living with HIV Africa.
[bookmark: _Hlk176615666]Methods: We searched Google Scholar, PubMed, Cochrane Library, and African Journals Online for studies that reported virologic failure and its associated factors. Heterogeneity and publication bias were identified using I-squared statistics and Egger's statistical test, respectively. The pooled prevalence of virological failure was estimated using the DerSimonian-Laird random-efects model. Sensitivity analysis was used to assess whether any outlier results were present in the research. 
Results: The pooled prevalence of virological failure was 11.54 %( 95 % CI: 5.950- 17.128, I2=30.7%). ART interruption POR= 7.09(95% CI: 2.09, 24.09; I2=79.5%, P=0.027), poor adherence POR = 9.0, 95% CI 5.41, 14.96; I2 = 0.0%; P=0.709), TB/HIV co-infection POR = 6.17(95% CI 1.17–32.42; I2 = 89.9%; P = 0.002), and CD4 count/percentage POR = 7.70(1.77, 33.42); I2=84.4%, P=0.011 are all associated with virological failure in the African country.
Conclusions: Virological failure was found to be high in Africa. Therefore, to achieve the 95–95-95 global target the policy makers should design mechanisms to improve ART adherence, and prevent ART interruption and prevent opportunistic infections such as TB. Moreover, we recommend researchers to conduct an exploratory study that may investigate additional factors associated with virological failure.
	2

	INTRODUCTION 
	

	Rationale 
	3
	Virological failure remains a significant global public health issue. Pooled representative data regarding virological failure in African countries is lacking due to a variety of reporting. It is crucial to replicate the combined burden of HIV virological failure in African nations in order to create trustworthy data for the 2030 targets.
	4

	Objectives 
	4
	The aim this study is to estimating the prevalence of virological failure and its associated factors among peoples living with HIV Africa: A systematic review and meta-analysis
	

	METHODS 
	

	Eligibility criteria 
	5
	This systematic review and meta-analysis included studies that satisfied the following inclusion criteria: (1) This study includes cross-sectional and retrospective cohort studies published in English that reported the prevalence of virological failure among adult HIV patients and/or at least one related factor.; (2) studies conducted in Africa countries; (3) only published articles; (4) studies conducted in either community or healthcare settings,(5)The review was limited to 2022–2025 studies and African countries
	5

	Information sources 
	6
	The articles were retrieved through various electronic databases, such as Google Scholar, PubMed, Cochrane Library, and African Journals Online for studies that reported virologic failure and its associated factors. 
	5

	Search strategy
	7
	This review identified studies that provide data on the burden and/or risk factors/determinate for virological failure among HIV patients progress towards the third 95% global target in Africa countries. The electronic databases of the Cochrane Library, PubMed, Google Scholar, and African Journals Online were searched for relevant research. Keyword combinations including population, condition/outcome, context, and exposures were used in the search. A snowball search for the references of relevant papers was also performed. The search strategy made in PubMed was: “Human Immunodeficiency virus” OR HIV OR AIDS OR “Acquired Immunodeficiency syndrome” AND “antiretroviral therapy” OR “highly active antiretroviral therapy” OR HAART OR ART OR “ARV Therapy” OR “antiretroviral therapy” AND “treatment failure” OR failure OR “virological failure” OR “immunological failure” OR “Clinical failure” AND Africa. For text citation and the management of duplicate references, Endnote 8 reference manager software was used.
	4

	Selection process
	8
	To eliminate duplicate studies, the retrieved studies were exported to Endnote version 8 reference managers. Prior to retrieving full-text papers, two researchers (ADA and YAF) independently reviewed the chosen studies using the abstracts and titles of the articles. We further screened the full-text publications using predetermined inclusion criteria. A consensus conference with the third reviewer (WCT) was held to discuss disagreements over the final selection of studies for the systematic review and meta-analysis
	4

	Data collection process 
	9
	After identifying articles for inclusion, two independent authors (WCT and ADA) conducted data extraction, using a standardized data abstraction template created in Microsoft Excel. The Joanna Briggs Institute (JBI) tool was used for the data extraction.
	6

	Data items 
	10a
	Articles that have clearly defined  effect measures were included 
	6

	
	10b
	The variables that have direct effect for the occurrence of diabetic health literacy were identified.
	6

	Study risk of bias assessment
	11
	The quality assessment of the included studies was carried out using the Johanna Briggs Institute (JBI) critical appraisal check list
	6

	Effect measures 
	12
	The odds ratio (or), and standard error were used presentation of results.
	6

	Synthesis methods
	13a
	Both qualitative synthesis and quantitative analysis were employed.
	4

	
	13b
	Pooled odds ratio (POR) was used for data presentation or evidence synthesis.
	4

	
	13c
	PRISMA flow chart, forest plot, and funnel plot were used to present visually displayed data.
	5

	
	13d
	The Cochrane Q statistics and (I2) were used to assess the heterogeneity status of the included studies. 
	7

	
	13e
	A random effect model was used for analysis.
	7

	
	13f
	The quantitative synthesis was employed 
	7

	Reporting bias assessment
	14
	Egger’s test was computed to detect publication bias.
	7

	Certainty assessment
	15
	The pooled summary effect size of the study was estimated 
	7

	RESULTS 
	

	Study selection 
	16a
	The articles were screened by title, abstract, and full text. Two independent reviewers screened the studies, and any controversy was resolved by discussion.
	8

	
	16b
	Studies were excluded because of outcome interest and not full text articles.
	7

	Study characteristics 
	17
	The initial search 895 primary articles, which were organized using EndNote software version X7. Among these, 25 studies were retrieved from PubMed, EMBASE (10), Scopus (16), Wiley Online Library (62), CINAHL/EBSCO (12), OVID/Wolters Kluwer (31), Cochrane Library (44), Science Direct (13), African Journal Online (92), and Google Scholar (590).
	7

	Risk of bias in studies 
	18
	In terms of their quality status, all the included studies have high and medium quality
	6

	Results of individual studies 
	19
	Attached in the manuscript
	8

	Results of syntheses
	20a
	The risk of bias was assed using Egger’s test.
	13

	
	20b
	The funnel plot displayed an even distribution of studies, suggesting the absence of publication bias. This observation was supported by egger's test, which yielded a statistically non-significant p-value of 0.016 at the 5% significance level, providing further evidence on absence of publication bias
	14

	
	20c
	The percentage of I2 statistics of the forest plot indicates a moderate heterogeneity among the included studies (I2=30.7%, P=0.173). Due to this, a random effects model was used to determine the pooled prevalence of health literacy
	10

	
	20d
	The funnel plot displayed an even distribution of studies, suggesting absence of publication bias. 
	10

	Reporting biases
	21
	The funnel plot displayed an even distribution of studies, suggesting absence of publication bias.
	14

	Certainty of evidence 
	22
	According to this review, ART interruption POR= 7.09(95% CI: 2.09, 24.09; I2=79.5%, P=0.027), poor adherence POR = 9.0, (95% CI 5.41, 14.96; I2 = 0.0%; P=0.709), TB/HIV co-infection POR = 6.17(95% CI 1.17–32.42; I2 = 89.9%; P = 0.002), and CD4 count/percentage POR = 7.70(1.77, 33.42); I2=84.4%, P=0.011 are all associated with virological failure in the African country
	14

	DISCUSSION 
	

	Discussion 
	23a
	This study aimed to determine the pooled prevalence of VF and its associated factors among patients receiving ART in Africa. This study reported that the pooled prevalence of VF among patients receiving ART in Africa was 11.54% (95% CI: 5.95, 17.13; I2 =30.7%; p<0.17), which was congruent with the findings of studies conducted in Eswatini 11.5%(41). However, this study finding was higher than the study findings conducted in Conakry, Guinea 9.87%(42). Conversely, this study finding was lower than the study findings conducted in in mainland China was 14.40%(43).These variations may result from differences in study designs, sample sizes, eligibility requirements, inconsistent treatment approaches, and inconsistent VF measures amongst studies(44).This study has significant importance for low-resource countries like Africa, as it may extend the duration of readily available and less toxic first-line ART, saving patients from more expensive and toxic second-line ART. Viral failure is still a top topic of discussion and a significant public health issue in African nations(45). Because of high heterogeneity among the included studies, these pooled estimates were presented with a random effect model. In this study, sub- group analyses were performed to estimate the pooled prevalence of virological failure for Africa country. The pooled prevalence of virologic failure in Ethiopia, Tanzania, Ghana, Zambia and Cameron were 16.05%, 4%, 22.06%, 5.87% and 11.8% %, respectively. 
According to this analysis, the main risk factors for virological failure were ART interruption, TB/HIV co-infection, low CD4 cell count, and poor ART adherence. Poor ART adherence has a major impact on HIV patients' risk of developing virological failure. ART treatment adherence was the sole cause of the virological failure, according to the current study, and patients who did not take their ART medications as prescribed were 9  times more likely to experience treatment failure than those who did(46, 47). Medication adherence of at least  95% is recommended as effective in achieving treatment success  required to achieve viral suppression (48, 49). However, ART adherence is below 95%, patients are susceptible to developing drug resistance and lower immunity. The pooled proportion of ART adherence in  Africa countries was 77%(50). This means Africa countries had poor ART adherence. Virologic failure refers to the persistent detectable viral load in patients receiving ART, indicating an incomplete suppression of HIV replication. It can occur due to various factors, including poor medication adherence, drug resistance, suboptimal drug concentrations, drug interactions, and viral factors such as the emergence of drug-resistant strains. Therefore, poor ART adherence could lead to an increase in viral replication and causes virological failure(51).

	13

	
	23b
	A notable strength of this systematic review and meta-analysis is the use of several major databases to search for original articles. However, This systematic review and meta-analysis have limitations that include studies that were not equally distributed in Africa in which there was more than one study in some regions and no study at all in the majority of region in this region.
	18

	
	23c
	The pooled prevalence of VF among patients receiving ART was high in Africa. This study’s findings showed that lower CD4 count/percentage, poor ART adherence, ART interruption, and TB/HIV co-infection were the pooled independent predictors of virological failure. 
	17

	
	23d
	According to this review, TB/HIV co-infection, poor ART adherence, ART interruption, and CD4 count/percentage are all associated with virological failure in the African country
	14

	OTHER INFORMATION
	

	Registration and protocol
	24a
	The review protocol has been registered in the international prospective register of systematic reviews (PROSPERO) 
	

	
	24b
	The review protocol can be accessed via online databases.
	

	
	24c
	Further amendments may /not needed.
	

	Support
	25
	The Authors did not receive any fund for this particular study.
	

	Competing interests
	26
	There is no competing of interest.
	

	Availability of data, code and other materials
	27
	The data extracted were analysed and included in the result.
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