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Review Article

Low-level viraemia: An emerging concern among people living with HIV in Uganda and across sub-Saharan Africa

Nicholus Nanyeenya1,2,*,[image: symbol], Noah Kiwanuka1,[image: symbol], Damalie Nakanjako3,[image: symbol], Gertrude Nakigozi4,[image: symbol], Simon P.S. Kibira5,[image: symbol], Susan Nabadda2,[image: symbol], Charles Kiyaga2,[image: symbol], Isaac Sewanyana2,[image: symbol], Esther Nasuuna6,[image: symbol] and Fredrick Makumbi1,[image: symbol]

1Department of Epidemiology and Biostatistics, School of Public Health, Makerere University College of Health Sciences, Kampala, Uganda; 2Ministry of Health Central Public Health Laboratories, Kampala, Uganda; 3Department of Medicine, School of Medicine, Makerere University College of Health Sciences, Kampala, Uganda; 4Rakai Health Sciences Project, Masaka, Uganda; 5Department of Community Health and Behavioral Sciences, School of Public Health, Makerere University College of Health Sciences, Kampala, Uganda; 6Infectious Diseases Institute, Makerere University College of Health Sciences, Kampala, Uganda

Abstract

Attaining viral load (VL) suppression for over 95% of the people living with HIV on antiretroviral therapy is a fundamental step in enabling Uganda and other sub-Saharan African countries to achieve global Sustainable Development Goal targets to end the HIV/AIDS epidemic by 2030. In line with the 2013 World Health Organization recommendations, several sub-Saharan African countries, including Uganda, use a threshold of 1000 HIV viral RNA copies/mL to determine HIV viral non-suppression. The United States Centers for Disease Control and Prevention and the International Association of Providers of AIDS Care deem this threshold very high, and hence recommend using 200 copies/mL to determine viral non-suppression. Using 1000 copies/mL as a threshold ignores people living with HIV who have low-level viraemia (LLV; HIV VL of at least 50 copies/mL but less than 1000 copies/mL). Despite the 2021 World Health Organization recommendations of using intensive adherence counselling for people living with HIV with LLV, several sub-Saharan African countries have no interventions to address LLV. However, recent studies have associated LLV with increased risks of HIV drug resistance, virologic failure and transmission. The purpose of this narrative review is to provide insights on the emerging concern of LLV among people living with HIV receiving antiretroviral therapy in sub-Saharan Africa. The review also provides guidance for Uganda and other sub-Saharan African countries to implement immediate appropriate interventions like intensive adherence counselling, reducing VL thresholds for non-suppression and conducting more research to manage LLV which threatens progress towards ending HIV by 2030.
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Introduction

By the end of 2020, an estimated 37.7 million people were living with HIV/AIDS; two-thirds (67%) were living in sub-Saharan Africa, and 27.5 million were accessing antiretroviral therapy (ART).1 The increased access to ART has necessited the monitoring of its efficacy among people living with HIV, hence the increased scale-up of HIV viral load (VL) monitoring.

As the world strives to control the HIV epidemic, attaining VL suppression for over 95% of people living with HIV on ART is a fundamental step in enabling Uganda, and other sub-Saharan African countries, to achieve the global targets of ending the HIV/AIDS epidemic by 2030, as stipulated in target 3.3 of the Sustainable Development Goal 3.1,2,3 HIV viral non-suppression is defined as HIV RNA viral copies equal to or greater than 1000 copies/mL as recommended by the World Health Organization (WHO).4 This is also an indication of HIV virologic treatment failure in Uganda, and several other sub-Saharan African countries like Kenya, Zambia and Sierra Leone, among others.5 Low-level viraemia (LLV) defined as having an HIV VL of at least 50 copies/mL but less than 1000 copies/mL (≥ 50 copies/mL to < 1000 copies/mL) is considered as being virally suppressed. Despite the recent 2021 WHO recommendation to offer intensive adherence counselling (IAC) to people living with HIV on ART with LLV,6 no special intervention is given to people living with HIV with LLV in Uganda and several other sub-Saharan African countries; yet, LLV has been associated with various clinically poor outcomes like HIV drug resistance and virologic failure.7,8 This narrative review was completed in January 2022, and the reviewed articles were published from March 2000 to June 2021. Several databases including Google Scholar, PubMed, and Science Direct were searched using search terms like ‘low-level viraemia’, ‘viral load testing’, ‘non-suppression threshold’ and ‘virologic failure’. This review aims at guiding Uganda and other sub-Saharan African countries to take immediate appropriate interventions to manage LLV.

Antiretroviral therapy monitoring

Highly active ART has been the springboard in the management and control of HIV/AIDS over the years; the goal of highly active ART is to lead to HIV viral suppression with an increase in the body immunity function.4 Globally, access to ART has increased, thereby improving the HIV treatment outcomes,1 and this has been a great milestone in achieving epidemic control. In Uganda, an estimated 1.2 million (out of 1.4 million) people living with HIV were on ART by 2019.9 As the efforts to scale-up people living with HIV on ART continue, there is an inevitable need to monitor the efficacy of ART among people living with HIV10 and several methods of ART monitoring are recommended by WHO. These include patient monitoring involving clinical events and adherence monitoring, immunological monitoring involving CD4 cell count, and virologic monitoring comprising HIV VL testing.11, 12

Virologic monitoring

Virologic monitoring which comprises HIV VL testing is the preferred way of monitoring treatment outcomes in people living with HIV on ART, and WHO recommends use of a threshold of 1000 copies/mL to determine VL non-suppression, indicative of either poor drug adherence or virologic failure.6 However, the United States Centers for Disease Control and Prevention and International Association of Providers of AIDS Care recommend a threshold of 200 copies/mL for VL non-suppression.13, 14

A number of sub-Saharan African countries initiated the scale-up of VL testing from 2014 to 2015, following the WHO 2013 recommendation.15, 16 Uganda began scaling up HIV VL testing for all eligible people living with HIV on ART in 2014.16 Upon initiation of ART, the first VL test is done for people living with HIV at six months, and then at 12 months, after which it is repeated annually for suppressed adults, and every six months for suppressed children and adolescents. People living with HIV with a VL result below 1000 copies/mL have a suppressed VL and are routinely given adherence counselling in which they are encouraged to continue with ART, and no other intervention is given.5 A decreased VL is associated with better clinical outcomes and slowed disease progression,17 and is also associated with reduced HIV incidence at community level.17, 18 However, there is limited data about the cut-off of viral copies at which the slowed disease progression and reduced HIV incidence at community level happens.

People living with HIV/AIDS who have been on ART for at least six months with a VL of 1000 copies/mL or more are non-suppressed. These people are offered monthly IAC sessions for three months. After the IAC sessions, a VL test is repeated in the fourth month to determine whether they have achieved VL suppression.5, 6, 12 If the repeat VL result after IAC is still non-suppressed, this is considered as virologic failure provided non-adherence to ART is ruled out. A switch committee is then convened to discuss switching the patient to another ART line.5 Several predisposing factors like poor ART adherence, unawareness about the ART benefits and other existing chronic illness, among others, have been associated with VL non-suppression.19, 20, 21 People living with HIV on ART with non-suppressed VL are at increased risk of faster progression to AIDS, which is also associated with poor clinical outcomes.21, 22

Tremendous progress has been achieved by several sub-Saharan African countries in establishing comprehensive VL testing programmes23; for instance, in Uganda, the number of annual VL tests has steadily increased annually from 16 411 VL tests (2% of people living with HIV on ART) in 2014 to 1 332 335 VL tests (95% of people living with HIV on ART) in 2020.24 Challenges affecting the scale-up of VL testing, like suboptimal sample transportation and results delivery, limited human resource in health facilities, unawareness about VL testing among HIV healthcare providers and people living with HIV, protracted procurement processes, and poor adherence to national and WHO VL testing guidelines, have limited full coverage of VL testing in the country.23, 25 The other key important issue to note with the introduction of VL testing is LLV.

Low-level viraemia

Definition and risk factors

The WHO defines LLV as a low but detectable VL that is, viraemia (≥ 50 copies/mL to < 1000 copies/mL).26 People living with HIV/AIDS on ART with viraemia ≥ 50 copies/mL to < 1000 copies/mL are virally suppressed, but have LLV.5, 27 Previous studies have associated LLV with baseline CD4 + T cell counts below 200 cells/mm3, ART duration longer than 60 months, ART regimens comprising of zidovudine, lamivudine and nevirapine (aOR: 2.26, p < 0.001) or didanosine-based regimen, and existing subtype B′ infection.27, 28

Justification for using a threshold of 1000 copies/mL for viral load non-suppression

The use of 1000 copies/mL as a threshold for determining VL non-suppression in sub-Saharan African countries including Uganda, has generated enormous debate over the years, since it can lead to the accumulation of people living with HIV on ART categorised as suppressed VL, but having LLV.29 The recommendation by WHO to use this threshold of 1000 copies/mL30 was based on a public health perspective where dried blood spot samples were used instead of plasma as a specimen type for HIV-1 VL testing, facilitate the decentralisation of specimen collection and can increase access to VL testing in resource-limited settings like Uganda due to their cost-effectiveness, as compared to plasma.31 Unfortunately, the performance of dried blood spot samples for VL testing is lower, when compared to the gold standard sample type plasma, with a low sensitivity and specificity to detect treatment failure, and favours using a threshold of 1000 copies/mL.29, 32

Slowed disease progression has been demonstrated in people living with HIV on ART with a VL of less than 1000 copies/mL,17, 33 though the exact threshold at which LLV predicts disease progression varies, and remains debatable.34 Furthermore, a reduced risk of HIV transmission for people living with HIV on ART with VL results less than; 1000 copies/mL,35 1500 copies/mL,36 and less than 1700 copies/mL,37 has been shown. No HIV transmission risks have been demonstrated below 400 copies/mL,38 but the range of viraemia between 400 copies/mL and 1000 copies/mL at which HIV transmission occurs, still remains unclear.39

Prevalence and effects

Sustained VL suppression has been shown to reduce the occurrence of HIV drug resistance among people living with HIV on ART and also leads to improved treatment outcomes.40, 41, 42 However new emerging resistance mutations have been demonstrated in people living with HIV on ART with LLV,7,8 where persistent LLV has been associated with increased risk of virologic failure43; which is also associated with increased risk of adverse treatment outcomes.44

For the case of the sub-Sahara African region, 19.3% of the participants had LLV while 7.8% of the participants had persistent LLV in a study, which aimed to evaluate virologic failure and its predictors in four African countries including Uganda, Kenya, Tanzania and Nigeria.45 Furthermore, 57.5% of participants with persistent LLV (plasma HIV RNA > 50 copies/mL at two consecutive visits) in this study would later have confirmed virologic failure. However this study did not examine HIV drug resistance, which could be a key driver of virologic failure (failure of people living with HIV with a non-suppressed VL to suppress after three sessions of IAC, and poor drug adherence has been ruled out), and also assessment of drug adherence was mainly through self reports which could have been affected by social desirability and recall bias.45

Furthermore, in South Africa, LLV occurred in 23% of people living with HIV on ART with an incidence of 11.5 per 100 person-years of follow-up (95% confidence interval: 11.4–11.7), during first-line ART. In this study, LLV was associated with increased hazards ratios of virological failure and the subsequent switch to second-line ART, as compared with a non-dectectable VL of less than 50 copies/mL; and the risk of virological failure was increased more with increased ranges of LLV.7 This study did not look at HIV drug resistance testing results in LLV, because they were not available.

In another South African study looking at HIV viraemia and mother-to-child transmission risk after ART initiation in pregnancy in Cape Town, the risk of early HIV vertical transmission was greatly associated with VL at delivery, with noted risks of 0.25%, 2.0% and 8.5% among women with VL < 50 copies/mL, 50 copies/mL – 1000 copies/mL and > 1000 copies/mL at delivery, respectively (p < 0.001). This implies that women with LLV at delivery had eight times the risk of HIV vertical transmission, as compared to women with a non-detectable VL < 50.46

In Malawi, a study was conducted that comprised 1274 mothers and described VL suppression among HIV-positive mothers at 4–26 weeks postpartum, the factors associated with VL suppression, and the impact of VL suppression levels on mother-to-child transmission. This study indicated that 8.7% of these HIV-positive mothers had LLV and were more likely to be adolescents, who had been on ART for less than six months, with suboptimal adherence. LLV was associated with 7.0% risk of mother-to-child transmission, as compared to 0.9% risk for mothers with a non-detectable VL.47

Elsewhere, HIV drug resistance was detected in about 30.0% of people living with HIV with a VL test having the first episode of LLV in British Columbia; and these patients had an increased risk of developing virologic failure, compared to those without HIV drug resistance.48 Another study indicated that there were 44.0% accumulated resistance mutations in 47 people living with HIV on ART with two or more episodes of LLV, and surprisingly the median viraemia was 267 copies/mL; and virologic failure followed in 16.0% of these people living with HIV.49 In the United Kingdom, 30.0% of people living with HIV with LLV acquired at least one drug resistant mutation50; and major resistant mutations were detected in 12.7% of people living with HIV with LLV.51

Proposed interventions

Reduced drug adherence has been associated with residual LLV,52 and this implies that interventions to enhance treatment adherence could be offered to people living with HIV on ART with LLV to achieve a non-detectable VL, which is the recommended target of ART in various international guidelines.53, 54 In the recent 2021 WHO consolidated guidelines, IAC has been recommended to be offered to people living with HIV with LLV,6 though most sub-Sahara African countries have not yet started offering this intervention. Furthermore, there is no data in Uganda and other sub-Sahara African countries to determine whether IAC can be effective in achieving a non-detectable VL among people living with HIV on ART with LLV. Few sub-Sahara African countries like South Africa7, 46 and Malawi47 have undertaken research to understand LLV and its implications, which has created a knowledge gap about the subject, thereby affecting key policy decisions in the region.

Conclusion

There is an increasing frequency of LLV among people living with HIV on ART in Uganda and across other sub-Sahara African countries. This LLV is associated with increased risks of HIV drug resistance and virologic failure which can affect the efficacy of ART, and lead to accelerated HIV disease progression. With the advancing global targets to end the HIV epidemic, reduce transmission rates, and improve the clinical outcomes of the people living with HIV on ART, there is an inevitable need to re-assess the use of the threshold of 1000 copies/mL to determine VL non-suppression, and to establish strategies to address the rising proportions of people living with HIV on ART with unmanaged LLV in the region. More research about the association between LLV and drug resistance and virologic failure in sub-Sahara Africa also needs to be done.

Acknowledgements

Competing interests

The authors declare that they have no financial or personal relationships that may have inappropriately influenced them in writing this article.

Authors’ contributions

N.N., N.K., D.N., G.N. and F.M. designed the concept of the article. N.N., E.N. and I.S. drafted the article with guidance and inputs from N.K., D.N., G.N., F.M., S.P.S.K., S.N. and C.K. All of the authors read through the final article and approved it.

Ethical considerations

This article followed all ethical standards for research without direct contact with human or animal subjects.

Sources of support

This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.

Data availability

Data sharing is not applicable to this article as no new data were created or analysed in this study.

Disclaimer

The views and opinions expressed in this article are those of the authors and do not necessarily reflect the official policy or position of any affiliated agency of the authors

References


	1. 	Joint United Nations Programme on HIV/AIDS. Global HIV & AIDS statistics – Fact sheet [homepage on the Internet]. [cited 2021 Jun 21]. Available from: https://www.unaids.org/en/resources/fact-sheet

	2. 	Joint United Nations Programme on HIV/AIDS. Fast-track ending the AIDS epidemic by 2030. [homepage on the Internet]. [cited 2021 Jun 17]. Available from: https://www.unaids.org/sites/default/files/media_asset/JC2686_WAD2014report_en.pdf

	3. 	United Nations Sustainable Development Goals. Goal 3: Ensure healthy lives and promote well-being for all at all ages [homepage on the Internet]. [cited 2021 Jun 17]. Available from: https://www.un.org/sustainabledevelopment/health/

	4. 	World Health Organization. Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infection: Recommendations for a public health approach. 2nd edition. [homepage on the Internet]. World Health Organization; 2016 [cited 2021 Jun 20]. Available from: https://apps.who.int/iris/handle/10665/208825

	5. 	Consolidated guidelines for prevention and treatment of HIV in Uganda.pdf [homepage on the Internet]. [cited 2021 Jun 20]. Available from: http://library.health.go.ug/publications/hivaids/consolidated-guidelines-prevention-and-treatment-hiv-uganda

	6. 	World health Organization. Consolidated guidelines on HIV prevention, testing, treatment, service delivery and monitoring: Recommendations for a public health approach [homepage on the Internet]. [cited 2022 Jan 05]. Available from: https://www.who.int/publications-detail-redirect/9789240031593

	7. 	Hermans LE, Moorhouse M, Carmona S, et al. Effect of HIV-1 low-level viraemia during antiretroviral therapy on treatment outcomes in WHO-guided South African treatment programmes: A multicentre cohort study. Lancet Infect Dis. 2018;18(2):188–197. https://doi.org/10.1016/S1473-3099(17)30681-3

	8. 	Taiwo B, Gallien S, Aga E, et al. Antiretroviral drug resistance in HIV-1-infected patients experiencing persistent low-level viremia during first-line therapy. J Infect Dis. 2011;204(4):515–520. https://doi.org/10.1093/infdis/jir353

	9. 	UNAIDS. Uganda. Country fact sheet. [homepage on the Internet]. [cited 2021 Jun 21]. Available from: https://www.unaids.org/en/regionscountries/countries/uganda

	10. 	World Health Organization. Antiretroviral therapy for HIV infection in infants and children: Towards universal access: Recommendations for a public health approach. Geneva: World Health Organization; 2010.

	11. 	Paintsil E. Monitoring antiretroviral therapy in HIV-infected children in resource-limited countries: A tale of two epidemics. AIDS Res Treat. 2010;2011:e280901. https://doi.org/10.1155/2011/280901

	12. 	Antiretroviral Therapy for HIV Infection in Infants and Children: Towards Universal Access: Recommendations for a Public Health Approach: 2010 Revision - 7 Clinical and laboratory monitoring. Geneva: World Health Organization; 2010. Available from: https://www.ncbi.nlm.nih.gov/books/NBK138582/

	13. 	Centers for Disease Control and Prevention. Understanding the HIV care continuum. 2019;4. Available from: https://www.cdc.gov/hiv/policies/continuum.html

	14. 	International Advisory Panel on HIV Care Continuum Optimization. IAPAC guidelines for optimizing the HIV care continuum for adults and adolescents. J Int Assoc Provid AIDS Care. 2015;14(1_suppl):S3–S34. https://doi.org/10.1177/2325957415613442

	15. 	Lecher S, Ellenberger D, Kim AA, et al. Scale-up of HIV viral load monitoring – Seven sub-Saharan African countries. Morb Mortal Wkly Rep. 2015;64(46):1287–1290. https://doi.org/10.15585/mmwr.mm6446a3

	16. 	Uganda AIDS Commission. UGA_2017_countryreport.pdf [homepage on the Internet]. [cited 2021 Jun 20]. Available from: https://www.unaids.org/sites/default/files/country/documents/UGA_2017_countryreport.pdf

	17. 	Thiébaut R, Morlat P, Jacqmin-Gadda H, et al. Clinical progression of HIV-1 infection according to the viral response during the first year of antiretroviral treatment. Groupe d’Epidémiologie du SIDA en Aquitaine (GECSA). AIDS. 2000;14(8):971–978. https://doi.org/10.1097/00002030-200005260-00008

	18. 	Das M, Chu PL, Santos GM, et al. Decreases in community viral load are accompanied by reductions in new HIV infections in San Francisco. PLoS One. 2010;5(6):e11068. https://doi.org/10.1371/journal.pone.0011068

	19. 	Alave J, Paz J, González E, et al. [Risk factors associated with virologic failure in HIV- infected patients receiving antiretroviral therapy at a public hospital in Peru]. Rev Chilena Infectol. 2013;30(1):42–48. https://doi.org/10.4067/S0716-10182013000100006

	20. 	Joseph Davey D, Abrahams Z, Feinberg M, et al. Factors associated with recent unsuppressed viral load in HIV-1-infected patients in care on first-line antiretroviral therapy in South Africa. Int J STD AIDS. 2018;29(6):603–610. https://doi.org/10.1177/0956462417748859

	21. 	Nabukeera S, Kagaayi J, Makumbi FE, Mugerwa H, Matovu JKB. Factors associated with virological non-suppression among HIV-positive children receiving antiretroviral therapy at the Joint Clinical Research Centre in Lubowa, Kampala Uganda. PLoS One. 2021;16(1):e0246140. https://doi.org/10.1177/0956462417748859

	22. 	World Health Organization. Consolidated guidelines on the use of antiretrovir.pdf [homepage on the Internet]. 2016 [cited 2021 Jun 22]. Available from: https://apps.who.int/iris/bitstream/handle/10665/208825/9789241549684_eng.pdf%20?sequence=1

	23. 	Lecher S, Williams J, Fonjungo PN, et al. Progress with scale-up of HIV viral load monitoring – Seven sub-Saharan African countries, January 2015 – June 2016. MMWR Morb Mortal Wkly Rep. 2016;65(47):1332–1335. https://doi.org/10.15585/mmwr.mm6547a2

	24. 	Uganda Viral Load. Dashboard [homepage on the Internet]. [cited 2021 Jun 22]. Available from: https://vldash.cphluganda.org/

	25. 	Roberts T, Cohn J, Bonner K, Hargreaves S. Scale-up of routine viral load testing in resource-poor settings: Current and future implementation challenges. Clin Infect Dis. 2016;62(8):1043–1048. https://doi.org/10.1093/cid/ciw001

	26. 	World Health Organization. Updated recommendations on HIV prevention, infant diagnosis, antiretroviral initiation and monitoring. 2021. Available at: https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjN7OLuwJb5AhUHecAKHcrXBhwQFnoECB0QAQ&url=https%3A%2F%2Fapps.who.int%2Firis%2Frest%2Fbitstreams%2F1336192%2Fretrieve&usg=AOvVaw3eRCHcJcAUAtPUdCZJROuF

	27. 	Cohen C. Low-level viremia in HIV-1 infection: Consequences and implications for switching to a new regimen. HIV Clin Trials. 2009;10(2):116–124. https://doi.org/10.1310/hct1002-116

	28. 	Zhang T, Ding H, An M, et al. Factors associated with high-risk low-level viremia leading to virologic failure: 16-year retrospective study of a Chinese antiretroviral therapy cohort. BMC Infect Dis. 2020;20(1):147. https://doi.org/10.1186/s12879-020-4837-y

	29. 	Ellman TM, Alemayehu B, Abrams EJ, Arpadi S, Howard AA, El-Sadr WM. Selecting a viral load threshold for routine monitoring in resource-limited settings: Optimizing individual health and population impact. J Int AIDS Soc. 2017;20(Suppl 7):e25007. https://doi.org/10.1002/jia2.25007

	30. 	World Health Organization. WHO recommendations 2013. Available at: https://www.who.int/publications

	31. 	Parkin NT. Measurement of HIV-1 viral load for drug resistance surveillance using dried blood spots: Literature review and modeling of contribution of DNA and RNA. AIDS Rev. 2014;16(3):160–171.

	32. 	Taieb F, Hong TT, Ho HT, et al. First field evaluation of the optimized CE marked Abbott protocol for HIV RNA testing on dried blood spot in a routine clinical setting in Vietnam. PLoS One. 2018;13(2):e0191920. https://doi.org/10.1371/journal.pone.0191920

	33. 	Misgina KH, Weldu MG, Gebremariam TH, et al. Predictors of mortality among adult people living with HIV/AIDS on antiretroviral therapy at Suhul Hospital, Tigrai, Northern Ethiopia: A retrospective follow-up study. J Health Popul Nutr. 2019;38(1):37. https://doi.org/10.1186/s41043-019-0194-0

	34. 	Opportunistic Infections Project Team of the Collaboration of Observational HIV Epidemiological Research in Europe (COHERE), Mocroft A, Reiss P, et al. Is it safe to discontinue primary Pneumocystis jiroveci pneumonia prophylaxis in patients with virologically suppressed HIV infection and a CD4 cell count <200 cells/microL? Clin Infect Dis. 2010;51(5):611–619. https://doi.org/10.1086/655761

	35. 	Ioannidis JP, Abrams EJ, Ammann A, et al. Perinatal transmission of human immunodeficiency virus type 1 by pregnant women with RNA virus loads <1000 copies/ml. J Infect Dis. 2001;183(4):539–545. https://doi.org/10.1086/318530

	36. 	Quinn TC, Wawer MJ, Sewankambo N, et al. Viral load and heterosexual transmission of human immunodeficiency virus type 1. Rakai Project Study Group. N Engl J Med. 2000 Mar 30;342(13):921–929. https://doi.org/10.1056/NEJM200003303421303

	37. 	Gray RH, Wawer MJ, Brookmeyer R, et al. Probability of HIV-1 transmission per coital act in monogamous, heterosexual, HIV-1-discordant couples in Rakai, Uganda. Lancet. 2001;357(9263):1149–1153. https://doi.org/10.1016/S0140-6736(00)04331-2

	38. 	Attia S, Egger M, Müller M, Zwahlen M, Low N. Sexual transmission of HIV according to viral load and antiretroviral therapy: Systematic review and meta-analysis. AIDS. 2009;23(11):1397–1404. https://doi.org/10.1097/QAD.0b013e32832b7dca

	39. 	Dieffenbach CW. Preventing HIV transmission through antiretroviral treatment-mediated virologic suppression: Aspects of an emerging scientific agenda. Curr Opin HIV AIDS. 2012;7(2):106–110. https://doi.org/10.1097/COH.0b013e32834f3f13

	40. 	Deeks SG. Antiretroviral treatment of HIV infected adults. BMJ. 2006;332(7556):1489. https://doi.org/10.1136/bmj.332.7556.1489

	41. 	Egger M, May M, Chêne G, et al. Prognosis of HIV-1-infected patients starting highly active antiretroviral therapy: A collaborative analysis of prospective studies. Lancet. 2002;360(9327):119–129. https://doi.org/10.1016/S0140-6736(02)09411-4

	42. 	Grinsztejn B, Hosseinipour MC, Ribaudo HJ, et al. Effects of early versus delayed initiation of antiretroviral treatment on clinical outcomes of HIV-1 infection: Results from the phase 3 HPTN 052 randomised controlled trial. Lancet Infect Dis. 2014;14(4):281–290. https://doi.org/10.1016/S1473-3099(13)70692-3

	43. 	Gupta-Wright A, Fielding K, Van Oosterhout JJ, et al. Virological failure, HIV-1 drug resistance, and early mortality in adults admitted to hospital in Malawi: An observational cohort study. Lancet HIV. 2020;7(9):e620–e628. https://doi.org/10.1016/S2352-3018(20)30172-7

	44. 	Ryscavage P, Kelly S, Li JZ, Harrigan PR, Taiwo B. Significance and clinical management of persistent low-level viremia and very-low-level viremia in HIV-1-infected patients. Antimicrob Agents Chemother. 2014;58(7):3585–3598. https://doi.org/10.1128/AAC.00076-14

	45. 	Kiweewa F, Esber A, Musingye E, et al. HIV virologic failure and its predictors among HIV-infected adults on antiretroviral therapy in the African Cohort Study. PLoS One. 2019;14(2):e0211344. https://doi.org/10.1371/journal.pone.0211344

	46. 	Myer L, Phillips TK, McIntyre JA, et al. HIV viraemia and mother-to-child transmission risk after antiretroviral therapy initiation in pregnancy in Cape Town, South Africa. HIV Med. 2017 Feb;18(2):80–88. https://doi.org/10.1111/hiv.12397

	47. 	Landes M, Van Lettow M, Nkoma E, et al. Low detectable postpartum viral load is associated with HIV transmission in Malawi’s prevention of mother-to-child transmission programme [homepage on the Internet]. J Int AIDS Soc. 2019 [cited 2021 Dec 14];22(6):e25290. Available from: https://pubmed.ncbi.nlm.nih.gov/31180186/

	48. 	Swenson LC, Min JE, Woods CK, et al. HIV drug resistance detected during low-level viremia is associated with subsequent virologic failure. AIDS. 2014;28(8):1125–1134. https://doi.org/10.1097/QAD.0000000000000203

	49. 	Li JZ, Gallien S, Do TD, et al. Prevalence and significance of HIV-1 drug resistance mutations among patients on antiretroviral therapy with detectable low-level viremia. Antimicrob Agents Chemother. 2012;56(11):5998–6000. https://doi.org/10.1128/AAC.01217-12

	50. 	Delaugerre C, Gallien S, Flandre P, et al. Impact of low-level-viremia on HIV-1 drug-resistance evolution among antiretroviral treated-patients. PLoS One. 2012;7(5):e36673. https://doi.org/10.1371/journal.pone.0036673

	51. 	Mackie NE, Phillips AN, Kaye S, Booth C, Geretti AM. Antiretroviral drug resistance in HIV-1-infected patients with low-level viremia. J Infect Dis. 2010;201(9):1303–1307. https://doi.org/10.1086/651618

	52. 	Maggiolo F, Di Filippo E, Comi L, et al. Reduced adherence to antiretroviral therapy is associated with residual low-level viremia. Pragmat Obs Res. 2017;8:91–97. https://doi.org/10.2147/POR.S127974

	53. 	Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents [homepage on the Internet]. AIDS Education and Training Centers National Coordinating Resource Center (AETC NCRC). [cited 2021 Jun 25]. Available from: https://aidsetc.org/resource/guidelines-use-antiretroviral-agents-hiv-1-infected-adults-and-adolescents

	54. 	European AIDS Clinical Society. EACS guidelines [homepage on the Internet]. [cited 2021 Jun 25]. Available from: https://www.eacsociety.org/guidelines/eacs-guidelines/



OPS/symbol.jpg
 — .\

\ U





OPS/CoverDesign.jpg
FRAOSIS

African Journal of
Laboratory Medicine

http://www.ajimonline.org

Low-level viraemia: An emerging
concern among people living with
HIV in Uganda and across
sub-Saharan Africa

Nicholus Nanyeenya, Noah Kiwanuka, Damalie Nakanjako,
Gertrude Nakigozi, Simon PS. Kibira, Susan Nabadda, Charles Kiyaga,
Isaac Sewanyana, Esther Nasuuna and Fredrick Makumbi

AfrJLab Med. 2022;11(1), 21899.
https:/doi.org/104102/ajim.v11i1.1899






