

[image: image1]
Determinants of virological failure among patients on first line highly active antiretroviral therapy (HAART) in Southwest Ethiopia: A case-control study












	
	TYPE Original Research
PUBLISHED 25 October 2022
DOI 10.3389/fpubh.2022.916454






Determinants of virological failure among patients on first line highly active antiretroviral therapy (HAART) in Southwest Ethiopia: A case-control study

Biruk Bogale1*, Adane Asefa1, Alemnew Destaw1, Gachana Midaksa1, Zufan Asaye2, Mathewos Alemu Gebremichael3, Asrat Arja Wolde4, Ejig Yimer5 and Tewodros Yosef1


1School of Public Health, College of Medicine and Health Sciences, Mizan-Tepi University, Mizan-Aman, Ethiopia

2Department of Statistics, College of Natural Sciences, Mizan-Tepi University, Tepi, Ethiopia

3School of Public Health, College of Medicine and Health Sciences, Arba Minch University, Arba Minch, Ethiopia

4Department of Data Repository and Governance, National Data Management Center for Health, Ethiopian Public Health Institute, Addis Ababa, Ethiopia

5Department of Public Health, Mizan-Aman Health Science College, Mizan-Aman, Ethiopia

[image: image2]

OPEN ACCESS

EDITED BY
Gbenga Kayode, University College, Bristol, United Kingdom

REVIEWED BY
Venkataramana Kandi, Kaloji Narayana Rao University of Health Sciences, India
 Jagdish Chandra, ESIC Model Hospital and PGIMSR, India

*CORRESPONDENCE
 Biruk Bogale, burabogale@gmail.com; biruk@mtu.edu.et

SPECIALTY SECTION
 This article was submitted to Infectious Diseases – Surveillance, Prevention and Treatment, a section of the journal Frontiers in Public Health

RECEIVED 09 April 2022
 ACCEPTED 26 September 2022
 PUBLISHED 25 October 2022

CITATION
 Bogale B, Asefa A, Destaw A, Midaksa G, Asaye Z, Alemu Gebremichael M, Wolde AA, Yimer E and Yosef T (2022) Determinants of virological failure among patients on first line highly active antiretroviral therapy (HAART) in Southwest Ethiopia: A case-control study. Front. Public Health 10:916454. doi: 10.3389/fpubh.2022.916454

COPYRIGHT
 © 2022 Bogale, Asefa, Destaw, Midaksa, Asaye, Alemu Gebremichael, Wolde, Yimer and Yosef. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: Virological failure remains a public health concern among patients with human immunodeficiency virus (HIV) after treatment initiation. Ethiopia is one of the countries that aims to achieve the global target of 90-90-90 that aims to achieve 90% virological suppression, but there is a paucity of evidence on the determinants of virological failure. Therefore, the study is intended to assess determinants of virological treatment failure among patients on first-line highly active antiretroviral therapy (HAART) at Mizan Tepi University Teaching Hospital (MTUTH), Southwest Ethiopia.

Method: A hospital-based unmatched case-control study was conducted from 11 November to 23 December 2020, among 146 cases and 146 controls. All cases and controls were selected randomly using computer-generated random numbers based on their medical record numbers. During the document review, data were collected using checklists, entered into Epi-data version 4.0.2, and analyzed by SPSS version 25. A multivariable logistic regression analysis was done to identify the independent determinants of virological treatment failure.

Results: In this study, being male (adjusted odds ratio (AOR) = 1.89, 95% CI: 1.04, 3.47), substance use (AOR = 2.67, 95% CI: 1.40, 4.95), baseline hemoglobin (Hgb) < 12 mg/dl (AOR = 3.22, 95% CI: 1.82, 5.99), poor drug adherence (AOR = 3.84, 95% CI: 1.77, 5.95), restart ART medication (AOR = 2.45, 95% CI: 1.69, 7.35), and opportunistic infection (OI) while on HAART (AOR = 4.73, 95% CI: 1.76, 12.11) were determinants of virological treatment failure.

Conclusion: The study revealed that the sex of the patient, history of substance use, baseline Hgb < 12 mg/dl, poor drug adherence, restart after an interruption, and having OI through the follow-up period were determinants of virological failure. Therefore, program implementation should consider gender disparity while men are more prone to virological failure. It is also imperative to implement targeted interventions to improve drug adherence and interruption problems in follow-up care. Moreover, patients with opportunistic infections and restart HAART need special care and attention.
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Background

The human immunodeficiency virus (HIV) continues to be a global public health challenge, affecting over 38 million people and infecting 1.5 million new people at the end of 2020 (1). Despite the decreased incidence of HIV infection in Ethiopia, more than 616,105 people are estimated to live with the virus in 2020, which puts the country among the worst affected in sub-Saharan Africa (2).

Mortality due to HIV has decreased since the era of highly active antiretroviral therapy (HAART). Evidence has shown that individuals on HAART with an undetectable viral load, the absence of an advanced clinical finding, and a high CD4 count are less likely to transmit HIV to other people and reduce HIV-associated morbidity and mortality. However, due to many factors, patients experience deterioration and treatment failure (3).

Virological failure is defined as a persistently detectable viral load exceeding 1,000 copies/ml (i.e., two consecutive viral load measurements within a 3-month interval, with adherence support between measurements) after at least 6 months of starting a new ART regimen (4). Patients who experienced virological failure were found to have an increased risk of clinical progression to AIDS and mortality when compared with patients with a complete virological response (3). Virological failure is a more informative parameter to determine treatment failure and is a common problem among patients on first-line ART (3, 5).

Optimization of viral load testing capacities is an important measure for the global control of the HIV epidemic, particularly in resource-limited countries, such as Ethiopia (6). Studies showed that virological failure is common in different countries, particularly in Sub-Saharan countries: 32% in Malawi (7), 16% in Swaziland (8), 24.6% in Kenya (9), 24% in Mozambique (10), 41.3% in Gabon (11), 11.9% in Rwanda (12), 11% in Uganda (13), and 14.8% in Ethiopia (14).

Globally, the United Nations Program on HIV/AIDS (UNAIDS) 90-90-90 is committed to having 90% of people on HAART virally suppressed by 2030, and as a result, HIV treatment failure would be prevented. Despite this ambitious goal, according to a systematic analysis of national HIV treatment cascades in 69 countries by 2016, viral suppression was between 7% in China and 68% in Switzerland (15). In Sub-Saharan countries, 83% were virally suppressed, contributing to a 29% reduction in new HIV infections between 2010 and 2016 (16). Mathematical modeling predicts that if the levels of NNRTI drug resistance exceed 10% in sub-Saharan Africa, drug resistance is predicted to be responsible for an additional 105,000 new HIV infections, 135,000 AIDS deaths, and US$ 650 million in ART drug costs between 2016 and 2020 (16).

Ethiopia has limited resources available for diagnosing treatment failure and monitoring patient response with viral load, which is the gold standard method for monitoring treatment effectiveness. Nevertheless, this is not feasible since patients initiate treatment with very advanced diseases. Therefore, identifying the determinants of virological failure and reducing its incidence would help to realize the 90-90-90 treatment target and achieve sustainable development goal 3. It is also important for the patients to prevent the progression of AIDS and have better efficacy of the second-line regimen. However, there is an evidence gap in identifying the determinants in the study area.

Therefore, this study aimed to assess determinants of virological treatment failure among patients on first-line HAART at Mizan Tepi University Teaching Hospital (MTUTH) and provide a wider understanding of the determinants of virological treatment failure, and enable early identification and control of this factor, which results in decreasing patients' risk of treatment failure.



Method and material


Study design and setting

A hospital-based case-control study was conducted from November to December 2020 at the Mizan Tepi University Teaching Hospital ART clinic. The hospital is located in Mizan-Aman town, which is located 561 km away from Addis Ababa toward the southwest of the country. The hospital has been serving more than 3 million people from two regions in southwestern Ethiopia. There were 3,805 registered patients on HAART from 2012 to 2020 in the ART clinic. The clinic provides voluntary counseling and testing (VCT), provider imitative counseling and testing (PICT), and prevention of mother to child transmission (PMTCT) services.



Study population

All adult patients infected with HIV (>15 years) who had taken ART for at least 6 months with two consecutive documented viral load test results at MTUTH between December 2012 and November 2020 were our source populations. Patients who had viral load results >1,000 or more in two consecutive viral load tests were considered as cases, and controls were those who had viral load results <1,000 in two consecutive viral load tests.



Sample size and sampling procedure

The sample size was determined using Epi Info 7.2 Stat-Cal by taking age as a predictor variable for virological failure based on the study done in Gonder University Referral Hospital (3) assuming a 1:1 case to control ratio, 5% margin of error, and 80% of study power. The final calculated sample size was 292 (146 cases and 146 controls). After filtering the illegible patients' cards, sampling frames were generated using ART medical record numbers for both cases and controls separately. There were a total of 207 patients with viral load results >1,000 or more and 3,521 patients who had viral load results <1,000 in the study period. Finally, cases and controls that fulfilled the inclusion criteria were randomly selected using computer-generated random numbers based on the medical record number of the patient. Cases and controls with 20% missing study variables were excluded from the study.



Study variables

The dependent variable (outcome of interest) was a virological failure. Age, marital status, sex, religion, educational status, place of residence, substance use, adherence, non-disclosure of HIV status, baseline WHO staging, baseline CD4 count, chronic illness, baseline hemoglobin (Hgb), history of opportunistic infection (OI), baseline body mass index (BMI), duration on ART, ART regime, previous exposure to ART, and restart after interruption were independent variables.



Data collection method

Data were extracted via document review using a structured checklist prepared in English adapted from the Ethiopian Federal Ministry of Health ART clinic intake and follow-up form, and were collected by the three health officers after consent was received from the MTUTH medical director office, the ART department, and card room to extract cards and to get the necessary information. The information was extracted from the patient's cards.



Data quality control

To assure the quality of data, we used the Federal Ministry of Health (FMOH) ART clinic intake checklist, and the collected data were reviewed and checked for completeness before data entry.



Operational definition

Virological failure: Viral load above 1,000 copies/ml based on two consecutive viral load measurements in 3 months, with adherence support following the first viral load test as diagnosed by ART physicians (3, 17).

ART drug adherence: We used the information from the card that was filled out by the physicians as good, fair, and poor adherence. This was assessed by patients' self-report about missed doses within a month, missing more than three doses from BID doses, and missing more than one dose from daily doses was considered poor adherence (18).

Opportunistic infection: People living with HIV and who developed either herpes zoster infection, candidiasis, cryptococcal meningitis, chronic diarrhea, encephalopathy, herpes simplex, Pneumocystis jiroveci pneumonia, pneumonia, pulmonary tuberculosis, extra-pulmonary tuberculosis, intestinal parasitosis, toxoplasmosis, or upper respiratory tract infections were considered as having opportunistic infections (19, 20).



Data processing and analysis

First, data were checked for coding errors, completeness, and missing values. Then, data were entered into Epidata Manager version 4.0.2 and were analyzed using SPSS version 25. Descriptive statistics, such as frequencies, means, standard deviations (SD), and proportions were done for different variables. Bivariable logistic regression analyses were done to select a candidate variable for multi-variable logistic regression analysis. Variables with a p-value < 0.25 during the bivariable analysis were included in the multivariable logistic regression analysis. Model adequacy was done by the Hosmer and Lemeshow test (p = 0.62) and multicollinearity between independent variables was checked by variance inflation factor (VIF) (4). Variables with a p-value <0.05 were considered statistically significant determinants of virological failure in the final multivariable logistic regression model.




Results


Socio-demographic characteristics

In total, two hundred ninety-two patients (146 cases and 146 controls) were involved in this study. The mean age of cases was 37.14 (SD = 10.47) and 37.45 (SD = 8.372) years for control groups while ART was initiated. Furthermore, fifty-nine (40.4%) cases and 50 (34.2%) controls were in the age range of 35 years or less in their ART initiation time. Regarding marital status, eighty-eight (60.3%) cases and 95(65%) controls were married at ART initiation. Moreover, seventy-six (52%) cases and 54 (37%) controls were men. In total, fifty-five (37.7%) cases and 58 (39.7%) controls had not attended school (Table 1).


TABLE 1 Socio-demographic characteristics of patients positive with HIV on highly active antiretroviral therapy (HAART) at Mizan Tepi University Teaching Hospital (MTUTH), 2020.
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Behavioral, medical, and nutritional related factors

Among the study participants, only 65 (44.5%) cases and 58 (39.7%) controls disclosed their HIV status. In this study, seventy-seven (52.7%) cases and 40 (27.4%) controls had a history of substance use, and 29 (19.9%) cases and eight (5.5%) controls had a history of poor adherence to ART drugs. Regarding the medical-related factors, 27 (18.5%) cases and 17 (11.6%) controls had CD4 count ≤200 cells/mm3 at the ART initiation, and 40 (27.4%) cases and 12 (8.2%) controls had an underlying chronic illness. Moreover, 95 (65.1%) cases and 52 (35.6%) controls had the baseline hemoglobin of <12 mg/dl. Furthermore, forty-three (29.4%) cases and 30 (20.5%) had a baseline BMI ≤18.4 kg/m2, while 96 (65.8%) cases and 101 (69.2%) controls had a baseline BMI of 18.5–24.99 kg/m2 (Table 2).


TABLE 2 The behavioral, clinical, and nutritional characteristics of patients with HIV treated at MTUTH in 2020.
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Drug-related factors

Among the study participants, 61 (41.8%) cases and 52 (35.6%) controls were <73 months on ART, and the majority of cases and controls had taken Current Procedural Terminology (CPT). Similarly, 27 (18.5%) cases and seven (4.8%) controls had a history of the restart after interruption. In total, sixty-four (43.8%) cases and 57 (39%) controls had taken the TDF-3TC-NVP regimen at ART initiation. In addition, 101 (69.2%) cases and 95 (65.1%) controls had experienced side effects (Table 3).


TABLE 3 Drug-related information of patients with HIV treated at MTUTH in 2020.
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Determinants of virological failure

After adjusting for possible confounders, a multivariable logistic regression analysis showed that sex of the patient, history of substance use, baseline Hgb, restart after the interruption, poor drug adherence, and OI through follow-up had a statistically significant association with virological failure (Table 4).


TABLE 4 The bivariable and multivariable logistic regression analyses for factors associated with virological failure among first-line HAART at MTUTH in 2020.

[image: Table 4]

In this study, virological failure was 1.89 times higher among men (adjusting odds ratio (AOR) = 1.89, 95% CI: 1.04, 3.47) compared with female patients. The odds of virological failure among those who had a history of substance use were 2.6 times higher compared with those who had no history of substance use (AOR = 2.67, 95% CI: 1.40, 4.95). Patients with Hgb <12 mg/dl were 3 times at higher odd (AOR = 3.22, 95% CI: 1.82, 5.99) compared with those who had baseline Hgb levels ≥12 mg/dl. In addition, patients with poor drug adherence (AOR = 3.84, 95% CI: 1.77, 5.95), and restart ART medication (AOR = 2.45, 95% CI: 1.69, 7.35) after interruption were at higher odds for virological failure. Moreover, the odds of virological failure were 4-fold higher (AOR = 4.73, 95% CI: 1.76, 12.11) among those who had a history of OI through the follow-up period compared with those who had no history of OI.




Discussion

This study aimed to assess determinants of virological failure among patients on the first-line HAART at MTUTH. It showed that the sex of the patient, histories of substance use, baseline Hgb, restart after interruption of HAART, poor drug adherence, and opportunistic infections through follow-up were identified as determinants of virological failure.

The sex of the patient was identified as a determinant of virological failure. In this study, men were at a higher odd of developing virological failure. This finding is consistent with a study conducted in Spain (21) and the United States (22). However, this finding is inconsistent with a large cohort study conducted in Canada (23). The discrepancy could be explained by the differences in sample size and baseline clinical parameters. It could also be because men are more likely to use substances when compared with women (24); this, in turn, makes men more vulnerable to virological failure.

In this study, the odds of virological failure among those who had a history of substance use were higher compared with those who had no history of substance use. This finding is supported by the study conducted at Jimma (17), Addis Ababa (25), and Vietnam (26). This might be since using HAAT drugs and substances simultaneously would be prone to mental health problems resulting in poor adherence characterized by failure to take medication properly; moreover, interrupting the medication which leads finally to first-line ART treatment failure (27). Specifically, in our study area, this might be due to the more use of substances (such as, Bordea, Tella, Teji, Beer, and mostly younger groups used Khat as a recreational activity) since it is available easily in the area most as a cultural drink, and this might increase the negligence and carelessness of patients on using HAART properly.

Optimal treatment adherence is necessary for viral suppression and a good treatment outcome. This study identified poor drug adherence tripled the chance of virological failure among patients with first-line HAART. This finding is consistent with multiple previous shreds of evidence (3, 6, 28, 29). Those patients with poor drug adherence had no adequate drug concentration for sustained viral suppression. Similarly, our study showed patients with restarted after an interruption of HAART drugs had higher odds of developing virological failure. People often discontinue HAART drugs due to stigma, side effects, and lack of psychosocial support (30). Evidence showed interruption of HAART for a short period was associated with increased plasma viral load (pVL), which makes it difficult to achieve optimal viral suppression. This finding is in agreement with studies conducted in Ethiopia and the United Kingdom (30, 31).

Furthermore, the odds of virological failure among those who had baseline Hgb < 12 mg/dl were higher compared with those who had baseline Hgb ≥12mg/dl. This finding is supported by the study conducted at Jimma, Ethiopia (32), Cameron (33), and South Africa (34). This might be because patients with anemia are more likely to have advanced immune suppression and a higher rate of co-morbidities that could impose a negative effect on response to ARV treatments. Evidence from other studies also showed anemia at ART initiation is associated with increased mortality, disease progression (poor virological response), and reduced quality of life (32).

In addition, the odds of virological failure were higher among those who had a history of OI throughout the follow-up period compared with those who had no history of OI throughout the follow-up period. This finding is in line with the studies conducted in Jimma (17) and Arba Minch towns of Ethiopia (35) which showed patients with opportunistic infections, such as TB, appear to be at a higher risk of virological failure. This finding also consisted of a study conducted in Nigeria (36). Opportunistic infections could lead to depletion of CD4 cells and result in ART treatment failure (37). It could also be due to secondary infections impairing the immune system and providing a suitable environment for viral replication resulting in increased viral load or prone the patients to virological failure. Small sample size and missing of some important variables were some of the limitations of this study. Therefore, the study should be cautiously interpreted given the above limitations.



Conclusion

The study revealed that the sex of the patient, history of substance use, baseline Hgb < 12 mg/dl, poor drug adherence, restart after the interruption, and having OI through the follow-up period were determinants of virological failure. Therefore, program implementation should consider gender disparity while men are more prone to virological failure. It is also imperative to implement targeted interventions to improve drug adherence and interruption problems in follow-up care. Moreover, patients with opportunistic infection and restart after HAART interruption need special care and attention.
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