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Summary

Background—HIV transmission can occur with a viral load of at least 200 copies per mL of 

blood and low-level viraemia can lead to virological failure; the threshold level at which risk for 

virological failure is conferred is uncertain. To better understand low-level viraemia prevalence 

and outcomes, we analysed retrospective longitudinal data from a large cohort of people living 

with HIV on antiretroviral therapy (ART) in Nigeria.

Methods—In this retrospective cohort study using previously collected longitudinal patient data, 

we estimated rates of virological suppression (≤50 copies per mL), low-level viraemia (51–999 

copies per mL), virological non-suppression (≥1000 copies per mL), and virological failure (≥2 

consecutive virological non-suppression results) among people living with HIV aged 18 years and 

older who initiated and received at least 24 weeks of ART at 1005 facilities in 18 Nigerian states. 

We analysed risk for low-level viraemia, virological non-suppression, and virological failure using 

log-binomial regression and mixed-effects logistic regression.

Findings—At first viral load for 402 668 patients during 2016–21, low-level viraemia was 

present in 64 480 (16·0%) individuals and virological non-suppression occurred in 46 051 (11·4%) 

individuals. Patients with low-level viraemia had increased risk of virological failure (adjusted 

relative risk 2·20, 95% CI 1·98–2·43; p<0·0001). Compared with patients with virological 

suppression, patients with low-level viraemia, even at 51–199 copies per mL, had increased odds 

of low-level viraemia and virological non-suppression at next viral load; patients on optimised 

ART (ie, integrase strand transfer inhibitors) had lower odds than those on non-integrase strand 

transfer inhibitors for the same low-level viraemia range (eg, viral load ≥1000 copies per mL 

following viral load 400–999 copies per mL, integrase strand transfer inhibitor: odds ratio 1·96, 

95% CI 1·79–2·13; p<0·0001; non-integrase strand transfer inhibitor: 3·21, 2·90–3·55; p<0·0001).

Interpretation—Patients with low-level viraemia had increased risk of virological non-

suppression and failure. Programmes should revise monitoring benchmarks and targets from less 

than 1000 copies per mL to less than 50 copies per mL to strengthen clinical outcomes and track 

progress to epidemic control.
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Funding—None.

Introduction

Effective HIV antiretroviral therapy (ART) decreases patient morbidity and mortality,1 and 

prevents sexual transmission when viral load is below 200 copies per mL of blood.2,3 

Expanding ART coverage and viral load monitoring are key components of the UNAIDS 

global strategy to achieve HIV epidemic control by 2030.3 In 2020, an estimated 73% of 

people living with HIV globally were receiving treatment, and 66% of individuals receiving 

ART had a viral load of less than 1000 copies per mL.4

Viral load suppression rates have increased with optimised integrase strand transfer 

inhibitor-based ART, such as regimens containing dolutegravir (eg, tenofovir, lamivudine, 

and dolutegravir).5 However, low-level viraemia, defined as a viral load between 51 

copies per mL and 999 copies per mL, threatens progress to reach epidemic control.6 Low-

level viraemia has been associated with non-suppression,4–8 drug resistance,9–11 chronic 

inflammation and serious non-AIDS events,12 and death.13 In 2021, the WHO Guideline 

Development Group updated their global guidance to include monitoring and management 

of a viral load of more than 50 copies per mL.4

Nigeria has a generalised HIV epidemic, with an estimated 1·7 million people living with 

HIV in 2020.14 Since 2019, Nigeria concurrently increased ART coverage, scaled up 

use of dolutegravir-based regimens, and expanded viral load monitoring, even during the 

COVID-19 pandemic.15–17 Under the National ART Guidelines,14 viral load monitoring 

is recommended at 6 months and 12 months after ART initiation and annually thereafter. 

People with virological non-suppression (≥1000 copies per mL) should repeat viral 

load testing 3 months after enhanced adherence counselling; patients with at least two 

consecutive tests indicating virological non-suppression should be reviewed for an ART 

regimen switch. To better understand low-level viraemia prevalence and outcomes, we 

aimed to analyse retrospective longitudinal patient-level data from a large cohort of people 

living with HIV receiving ART in Nigeria during 2016–21 through support from the US 

President’s Emergency Plan for AIDS Relief.

Methods

Study design, participants, and procedures

This cohort study used retrospective longitudinal patient data to assess the prevalence 

of virological suppression (defined as ≤50 copies per mL), three categories of low-level 

viraemia (51–199 copies per mL, 200–399 copies per mL, and 400–999 copies per mL), and 

virological non-suppression (≥1000 copies per mL) in Nigeria in 2016–21. We estimated 

risk of subsequent virological non-suppression and virological failure (ie, at least two 

consecutive virological non-suppression results) among individuals with and without low-

level viraemia. We included adult patients (aged ≥18 years) who initiated and received 

ART between Jan 1, 2016, and Sept 30, 2021, at 1005 facilities in 18 Nigerian states, 

and who had at least one viral load result after at least 24 weeks on ART. We excluded 

patients who received third-line or non-standard ART regimens. For outcomes analyses, we 
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excluded patients who had one or fewer viral load result, had virological non-suppression 

at first viral load result after at least 24 weeks of ART (first viral load result), or received 

second-line ART without previous documented first-line ART. For the virological failure 

outcomes analyses, patients with two or fewer viral load results were excluded. Key 

available demographic, clinical, and programme-related variables were extracted from the 

Nigerian National Data Repository, a centralised data warehouse of regularly reported data 

from facility electronic medical record systems. Quality checks removed entries due to 

missing, invalid, or duplicate data.

Ethical approval was granted from the Nigeria National Health Research Ethics Committee 

(NHREC/01/01/2007–13/11/2020). The Institutional Review Board of University of 

Maryland, Baltimore project (HP-00095094) and review in accordance with the US Centers 

for Disease Control and Prevention human research protection procedures determined this 

project as non-research (ie, the purpose being to prevent or control disease or injury and 

improve health, or to improve a public health programme or service).

Statistical analysis and outcomes

Included and excluded patients were compared using clustered Wilcoxon rank-sum test 

for continuous variables and Rao-Scott χ2 test for categorical variables. We estimated 

the proportion of patients with virological suppression, low-level viraemia, and virological 

non-suppression at the first viral load result, comparing by sex, age, and first-line and 

second-line ART (second-line ART defined as either a switch to dolutegravir-based 

ART following virological non-suppression, or a ritonavir-boosted protease inhibitor). 

Prevalence of virological suppression, low-level viraemia, and virological non-suppression 

was calculated by calendar year and duration on ART using the first viral load result per 

year. ART adherence was assessed by calculating a documented dispense ratio, defined as 

the cumulative number of documented ART doses dispensed divided by the number of days 

since ART initiation.

For analyses of virological non-suppression and virological failure outcomes, patients were 

censored after the relevant endpoint of interest was met; individuals not meeting endpoints 

were censored after their last documented viral load. Predictors of low-level viraemia, 

virological non-suppression, and virological failure were identified using log-binomial 

regression with 95% CI calculated using cluster-robust standard errors to account for 

facility-level clustering. Virological suppression after non-suppression was assessed using 

log-binomial models among patients with at least one viral load result following the 

non-suppressed measurement. All models were adjusted for clinically relevant (eg, sex, 

age at ART initiation, ART duration, and regimen) and programme-related (eg, time to 

first viral load and documented dispense ratio) variables. Following a purposeful selection 

procedure,18 variables with p<0·25 in univariable models were included in multivariable 

models; variables with p>0·05 in multivariable models were excluded if coefficients in the 

resulting smaller model changed by less than 20%. Interactions between age, sex, time 

on ART, integrase strand transfer inhibitor exposure, and low-level viraemia level were 

assessed for inclusion at p<0·05. Final model fits were assessed using the area under the 

receiver operating characteristic curve. Unadjusted relative risks (RRs) were calculated for 
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univariable models and adjusted RRs (aRRs) were calculated for multivariable models. 

Unadjusted odds ratios (ORs) and adjusted ORs (aORs) were calculated for the association 

between viral load result range and subsequent viral load result of more than 50 copies 

per mL, at least 200 copies per mL, or virological non-suppression using mixed-effects 

logistic regression, with patient and facility incorporated as random intercepts. Analyses 

were conducted in Python (version 3.7.6, Scotts Valley, CA, USA) and R (version 4.0.2).

Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. HIV programme support was provided by the US 

President’s Emergency Plan for AIDS Relief through the Centers for Disease Control and 

Prevention. Funding sources for the participating ART facilities had no role in study design, 

data collection, data analysis, data interpretation, or writing of the report.

Results

521 212 patients were abstracted between 2016 and 2021, of whom 402 668 (77·3%) of 

521 212 were included in the prevalence analysis (median age 34 years [IQR 28–41]) of 

whom 129 620 [32·2%] were men and 273 048 (67·8%) were women (figure 1; appendix p 

2). Excluded patients’ demographic characteristics were similar to those of included patients 

(appendix p 2) For the virological non-suppression outcomes analyses, 197 729 patients 

were included, of whom 197 071 (99·7%) had at least one viral load result while on first-line 

ART (406 689 patient-years’ follow-up) and 1616 (0·8%) had at least one viral load result 

while on second-line ART (2292 patient-years’ follow-up). The median time to first viral 

load of at least 24 weeks after ART initiation was 44 weeks (IQR 29–79) for patients in the 

prevalence group, and the median documented dispense ratio was 63% (IQR 41–94; table 1). 

112 316 patients with at least three viral load results were included in analysis of virological 

failure (figure 1). Among patients included in outcomes analyses, 69 405 (35·1%) of 197 

729 had at least one viral load result of 51–999 copies per mL (appendix p 3). Patients 

included in outcomes analyses contributed a total of 598 313 viral load results.

At first viral load result, 290 441 (72·7%) of 399 684 patients on first-line ART and 3271 

(54·6%) of 5986 patients on second-line ART were suppressed (table 1), and 292 137 

(72·6%) of 402 668 (appendix p 4) had virological suppression at first overall viral load 

result. Low-level viraemia at the first viral load result occurred among 64 480 (16·0%) of 

402 668 patients. Virological non-suppression at first viral load result occurred among 46 

051 (11·4%) of 402 668 patients (appendix p 4).

Between 2016 and 2021, the prevalence of virological suppression increased whereas low-

level viraemia and virological non-suppression decreased (figure 2). Among patients with 

low-level viraemia, the relative prevalence of 51–199 copies per mL increased (appendix 

pp 5–6). After 2 years on ART, prevalence of virological suppression increased, whereas 

low-level viraemia and virological non-suppression decreased (figure 2).

An increased risk of low-level viraemia while on first-line ART was associated with male 

sex (aRR 1·14, 95% CI 1·10–1·18; p<0·0001) and longer duration on ART (1·07 per 
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year, 1·06–1·09; p<0·0001), whereas ART initiation with a dolutegravir-based regimen was 

associated with a decreased risk of low-level viraemia (0·83 vs non-dolutegravir-based 

regimens, 0·80–0·87; p<0·0001; appendix p 7). Of patients included in outcomes analyses, 

19 199 (9·7%) of 197 729 had virological non-suppression, and of those with at least three 

viral load results, 2232 (2·0%) of 112 316 experienced virological failure (appendix p 3). 

Relative to non-dolutegravir-based regimens, dolutegravir-based ART was associated with 

a decreased risk of virological non-suppression (aRR 0·73, 95% CI 0·68–0·79; p<0·0001) 

and virological failure (0·40, 0·35–0·47; p<0·0001; appendix p 8), with a larger decreased 

risk of virological non-suppression among patients who had been initiated with integrase 

strand transfer inhibitors compared with individuals who transitioned to integrase strand 

transfer inhibitors (0·67, 0·61–0·74 vs 0·85, 0·80–0·92; p<0·0001; table 2). Patients aged 

18–40 years were associated with increased risk of both virological non-suppression and 

virological failure, relative to those who were aged 50 years or older, and men had increased 

risk of virological non-suppression (aRR 1·07, 95% CI 1·02–1·13; p=0·0080; table 2). 

Compared with patients on first-line ART with virological suppression at first viral load 

result, patients with low-level viraemia had an increased risk of subsequent virological 

non-suppression (aRR 1·61, 95% CI 1·55–1·67; p<0·0001) and virological failure (2·20, 

1·98–2·43; p<0·0001; appendix p 8). All low-level viraemia ranges had increased risk of 

virological non-suppression and virological failure (table 2).

Virological non-suppression was observed at the next viral load result in 5595 (10·1%) of 

55 161 patients with at least one viral load result after a low-level viraemia result. Virologic 

failure was observed in 819 (2·7%) of 29 958 patients with at least two viral load results 

after a low-level viraemia result. Among patients who had virological non-suppression, 11 

399 (59·4%) of 19 199 had at least one subsequent viral load result; of these, 9167 (80·4%) 

of 11 399 had 999 copies per mL or fewer (7862 [69·0%] of 11 399 had 50 copies per mL or 

fewer, 1305 [11·4%] of 11 399 had 51–999 copies per mL), whereas 2232 (19·6%) of 11 399 

had at least 1000 copies per mL and, thus, showed virological failure (appendix p 3). Of the 

2232 individuals who had virological failure, at the viral load result preceding the first of the 

two non-suppressed measurements, 1419 (63·6%) had 50 copies per mL or fewer, whereas 

813 (36·4%) had low-level viraemia (51–999 copies per mL; appendix p 9). Patients with 

virological non-suppression while on a dolutegravir-based ART regimen were more likely 

to have subsequent suppression to 50 copies per mL or fewer (aRR 1·11, 95% CI 1·07–

1·14; p<0·0001) and had decreased risk of virological failure (0·76, 0·70–0·83; p<0·0001) 

than those with virological non-suppression while on non-dolutegravir-based ART, whereas 

patients with low-level viraemia at first viral load result who later experienced virological 

non-suppression were less likely to suppress to 50 copies per mL or fewer (0·83, 0·80–0·86; 

p<0·0001) and had an increased risk of virological failure (1·32, 1·21–1·44; p<0·0001) than 

those with initial virological suppression (appendix p 10).

Among the total viral load results included in outcomes analyses, 197 729 (33·0%) of 598 

313 were the last documented viral load result for each patient, whereas 400 584 were 

followed by another viral load result. Of those with another viral load result, 35 975 (9·0%) 

had a next viral load result of 51–199 copies per mL, 16 229 (4·1%) had 200–999 copies 

per mL, and 22 742 (5·7%) had at least 1000 copies per mL. Using mixed-effects logistic 

regression to examine three outcome thresholds, viral load results in the low-level viraemia 
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range were associated with increased odds of a next viral load result of more than 50 copies 

per mL, at least 200 copies per mL, and at least 1000 copies per mL. Compared with 

patients on non-dolutegravir-based ART, patients on dolutegravir-based ART had lower odds 

for the same viral load range, for each viral load outcome (eg, viral load ≥1000 copies per 

mL following viral load 400–999 copies per mL, integrase strand transfer inhibitor: aOR 

1·96, 95% CI 1·79–2·13; p<0·0001; non-integrase strand transfer inhibitor: 3·21, 2·90–3·55; 

p<0·0001; tables 3, 4).

Discussion

Low-level viraemia was associated with subsequent virological non-suppression and 

virological failure among a large cohort of patients receiving ART under non-investigational 

conditions in Nigeria. Patients with higher levels of low-level viraemia were at an increased 

risk of both outcomes. Although smaller cohort studies have found conflicting results of 

the range of low-level viraemia associated with increased risk of poor outcomes,5,18–22 

we found all ranges of low-level viraemia conferred risk for subsequent virological non-

suppression and virological failure. During 2016–21, the number of patients with virological 

suppression at 50 copies per mL or fewer increased by approximately 5% annually. 

Accelerated increases in the prevalence of virological suppression in 2019, 2020, and 2021 

coincide with programmatic efforts to increase the number of patients on ART and optimise 

regimens, namely through scale-up of dolutegravir-based ART.15,16 Beyond expanding 

ART coverage, our study shows that these efforts have improved patient outcomes, with 

patients receiving ART with integrase strand transfer inhibitors, especially dolutegravir-

based regimens, having decreased likelihood of future low-level viraemia, virological non-

suppression, and virological failure.

Current guidelines that use 1000 copies per mL to initiate patient-level strategies to improve 

suppression, such as enhanced adherence counselling, miss an important opportunity to 

prevent virological non-suppression for patients with low-level viraemia. Compared with 

patients with 50 copies per mL or fewer, even patients with low-level viraemia at 51–199 

copies per mL had an increased risk of virological non-suppression and failure. Of patients 

who experienced virological failure, over a third had low-level viraemia preceding the first 

of their two non-suppressed measurements. Early interventions at more than 50 copies per 

mL could prevent clinical complications stemming from virological non-suppression. Since 

May, 2022, the Nigerian HIV programme has proactively taken a multipronged approach 

to support patients with low-level viraemia by increasing the quantity and capacity of 

facility-level and community-based cadres who can deliver enhanced adherence counselling, 

including via telephone, and apply a differentiated care multidisciplinary team model and 

quality improvement approach. Additionally, the programme tracks weekly performance of 

low-level viraemia and virological non-suppression cascade management by age, sex, and 

pregnancy status for data-driven performance improvement efforts.

At the population level, tracking viral load of at least 1000 copies per mL misses patients 

with low-level viraemia (ie, 200–999 copies per mL) who can transmit HIV,2,3 which has 

implications for HIV epidemic control. Although we found that the prevalence of patients 

with viral load results of less than 200 copies per mL increased from 62·3% in 2016 
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to 89·1% in 2021, we also showed that patients with low-level viraemia (51–199 copies 

per mL) are at risk of subsequent viral load of at least 200 copies per mL, which could 

result in HIV transmission. Modelling the extent of HIV infections and deaths averted, 

including from patients with less than 200 copies per mL, could improve understanding of 

HIV transmission dynamics resulting from ART scale-up in Nigeria. As Nigeria approaches 

epidemic control, aggregate viral load indicators that track virological suppression rates at 

50 copies per mL or fewer, 51–199 copies per mL, and at least 200 copies per mL can refine 

programmatic monitoring to maintain progress; global HIV programmes could also consider 

revising viral load monitoring benchmarks and programmatic targets, and expand the use of 

viral load diagnostic assays with lower limits of detection.

Continual monitoring and strategies to tackle poor virological outcomes resulting from 

ART adherence and pathophysiological conditions are needed to reach and sustain HIV 

epidemic control globally. Patients and clinicians need effective tools to help address the 

socioeconomic, structural, and psychosocial barriers affecting adherence.23–26 Higher-level 

analytics using routinely collected data to continuously evaluate risk for virological non-

suppression could also help prevent harmful clinical outcomes.27 Tracking drug resistance 

prevalence and its implications for changes in antiretroviral virological potency are crucial 

for low-level viraemia clinical management, such as drug resistance-guided treatment 

modification for improved virological control.28 Although laboratory capacity in countries 

supported by the President’s Emergency Plan for AIDS Relief is expected to increase 

in the near future, HIV drug resistance testing, including at lower viral load thresholds, 

at the scale needed for HIV programmes in high-burden countries to make a greater 

clinical impact will require increased laboratory capacity and lower costs.29 Sequencing cost 

reductions, greater efficiencies, and the availability of simplified automated bioinformatic 

analyses of drug resistance data are essential, and efforts are ongoing to make integrase 

genotyping more widespread and affordable. Finally, additional research is needed to 

understand the association of pathophysiological conditions, such as immune activation, 

chronic inflammation, non-communicable diseases, and other serious non-AIDS events with 

low-level viraemia and clinical outcomes.

Our study has several limitations. Although we analysed retrospective longitudinal patient-

level data from a large cohort of patients available through the Nigerian National Data 

Repository, data quality might have affected results. Abstracted data might have differed 

from patients’ clinical reality, despite routine efforts to assess and improve data quality. 

We used rigorous data exclusion criteria to limit analysis to only patients with quality 

electronic records. Analyses were further limited by data availability, including potential 

gaps in regimen dispense documentation; we could therefore not directly assess the effects 

of treatment adherence or ART regimen switch given low numbers of therapeutic switches 

after virological failure. The dates covered by the dataset precluded many individuals who 

initiated ART in 2020 or later from inclusion in the outcomes analysis due to an insufficient 

number of subsequent viral load results for analysis.

In conclusion, our study shows that low-level viraemia as low as 51–199 copies per mL 

is associated with poor virological outcomes and that integrase strand transfer inhibitors, 

namely dolutegravir-based regimens, decrease the likelihood of future low-level viraemia, 
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virological non-suppression, and virological failure. Our large cohort was composed of 

patients from many sites across diverse geographical regions in Nigeria, contributing to the 

generalisability of results. To support efforts to reach HIV epidemic control, our results 

add evidence that revising viral load monitoring benchmarks and programmatic targets 

down from 1000 copies per mL to less than 50 copies per mL is warranted to strengthen 

efforts to prevent virological non-suppression, improve patient outcomes, and prevent HIV 

transmission.
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Research in context

Evidence before this study

We searched PubMed for previous published studies with no language, date, or country 

income status restrictions using the following search terms: “low-level viremia” AND 

“HIV” AND “virologic failure”, OR “treatment outcomes“ OR “virologic outcomes” OR 

“outcomes”. We identified studies in adult patients that reported virological failure as an 

outcome. Multiple studies showed the association of low-level viraemia with virological 

non-suppression, HIV drug resistance, and mortality. Studies varied with respect to the 

viral load threshold and frequency of low-level viraemia episodes that conferred greater 

risk for poor outcomes, including virological failure. The largest analysis of patients from 

a WHO-guided treatment programme included 70 930 patients in South Africa during 

the pre-dolutegravir era and showed increased risk of virological failure and switch to 

second-line antiretroviral therapy (ART).

Added value of this study

To our knowledge, this is the largest analysis of HIV low-level viraemia (51–999 viral 

copies per mL) to date, based on more than 400 000 people living with HIV on the US 

President’s Emergency Plan for AIDS Relief-supported ART in Nigeria during 2016–21. 

We analysed the prevalence of HIV low-level viraemia and assessed treatment outcomes 

(eg, viral load non-suppression and virological failure), by age, sex, ART regimen, 

and regimen line. It is also the largest analysis of this topic inclusive of patients on 

dolutegravir-based ART. Our study shows an association between low-level viraemia 

and poor treatment outcomes (eg, viral load non-suppression and virological failure) 

with a significantly increased odds of virological non-suppression at the next viral 

load following a low-level viraemia result, with a dose response beginning in the 51–

199 copies per mL range, indicating the threat to treatment programmes. We showed 

significant decreased odds for virological non-suppression and failure in people receiving 

dolutegravir-based ART.

Implications of all the available evidence

Low-level viraemia threatens the progress to reach HIV epidemic control. Findings from 

this very large cohort support the updated WHO global guidance for monitoring and 

interventions to manage patients with low-level viraemia and reinforce the benefits of 

treatment with a dolutegravir-based ART regimen. Our study findings strengthen support 

for programmatic prevention and control strategies to achieve the 2030 global targets for 

HIV epidemic control.
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Figure 1: Study profile
Exclusion criteria were applied independently and patients could have met several exclusion 

criteria; therefore disaggregated exclusion criteria numbers do not sum to the total number 

of patients excluded. ART=antiretroviral therapy. VLNS=virological non-suppression. 

*Non-standard regimens include ART combinations other than nucleos(t)ide reverse 

transcriptase inhibitor plus non-nucleoside reverse transcriptase inhibitor, nucleos(t)ide 

reverse transcriptase inhibitor plus integrase strand transfer inhibitor, or nucleos(t)ide 

reverse transcriptase inhibitor plus protease inhibitor. Insufficiently potent ART denotes 

monotherapy or dual therapy.
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Figure 2: Prevalence of low-level viraemia (LLV) and virological non-suppression* 2016–2021, 
by calendar year (A) and years on ART (B)
ART=antiretroviral therapy. VLNS=viral load non-suppression. VS=virological suppression. 

*Prevalence was calculated using the first viral load result of each year to avoid bias from 

repeated measurements within the same year.
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