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Abstract

Background.—Point-of-care (POC) viral load (VL) tests provide results within hours, enabling 

same-day treatment interventions. We assessed treatment outcomes with POC vs standard-of-care 

(SOC) VL monitoring.

Methods.—We implemented a randomized controlled trial at an urban and rural hospital in 

Nigeria. Participants initiating antiretroviral therapy (ART) were randomized 1:1 for monitoring 

via the POC Cepheid Xpert or SOC Roche COBAS (v2.0) HIV-1 VL assays. Viral suppression 

(VS) and retention in care at 12 months were compared via intention-to-treat (ITT) and per-

protocol (PP) analyses. Post-trial surveys for POC patients and healthcare workers (HCWs) 

evaluated acceptability.

Results.—During April 2018–October 2019, 268 SOC and 273 POC patients enrolled in the 

trial. Viral suppression at <1000 copies/mL at 12 months was 59.3% (162/273) for POC and 

52.2% (140/268) for SOC (P = .096) in ITT analysis and 77.1% (158/205) for POC and 65.9% 
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(137/208) for SOC (P = .012) in PP analysis. Retention was not significantly different in ITT 

analysis but was 85.9% for POC and 76.9% for SOC (P = .02) in PP analysis. The increased VS 

in the POC arm was attributable to improved retention and documentation of VL results. POC 

monitoring was preferred over SOC by 90.2% (147/163) of patients and 100% (15/15) of HCWs 

thought it facilitated patient care.

Conclusions.—POC VL monitoring did not improve 12-month VS among those with results 

but did improve retention and VS documentation and was preferred by most patients and HCWs. 

Further research can inform best POC implementation conditions and approaches to optimize 

patient care.

Clinical Trials Registration.—www.clinicaltrials.gov; NCT03533868.
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Human immunodeficiency virus (HIV) viral load (VL) testing is essential for monitoring 

antiretroviral therapy (ART). Prompt results are critical as continuing ART with suboptimal 

adherence or a failing regimen increases risks of viremia, transmission, drug-resistance 

mutations, and clinical decline [1, 2].

Challenges to standard-of-care (SOC) VL testing include its requirements for laboratory 

infrastructure, skilled personnel, specimen handling, and processing time. In resource-

limited settings (RLSs), some clinics lack access or rely on central laboratories, contributing 

to backlogs and long turnaround times.

Recently developed point-of-care (POC) VL assays simplify testing and training 

requirements [3, 4]. The Cepheid Xpert HIV-1 VL assay (Sunnyvale, CA) provides 

results within 90 minutes, after 20 minutes for plasma preparation, demonstrating high 

concordance with standard assays [5, 6]. Rapid testing enables same-day results-based 

adherence counseling—reinforcement or enhanced support—potentially leading to prompter 

improvement in adherence and viral suppression (VS) [7]. Point-of-care results also enable 

rapid transition of stable patients to differentiated services, freeing resources for high-risk 

patients, and switching of patients failing ART to second-line regimens and genotype 

testing, where available.

World Health Organization (WHO) 2021 guidelines recommend POC VL monitoring [8, 9]. 

Prioritization is recommended for high-risk populations who require rapid results, including 

infants, children, adolescents, pregnant/breastfeeding women, and people with advanced 

disease or suspected treatment failure.

Observational studies have demonstrated the feasibility and utility of POC VL testing for 

routine monitoring or targeted use [5, 10–14]. However, implementation gaps included staff 

training and commitment, documentation, patient follow-up, and timely communication 

and clinical use of results, which, if not optimized, nullify POC benefits. Successful POC 

implementation relies on efficient systems and workflows.
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Data comparing clinical outcomes for POC versus SOC testing and on patient and healthcare 

worker (HCW) perspectives are limited. The Simplifying HIV TREAtment and Monitoring 

(STREAM) trial (South Africa) found that 90% of patients monitored with POC VL versus 

76% of SOC patients had the composite outcome of 12-month VS and retention [15]. The 

intervention combined POC testing with task shifting to enrolled nurses, so the extent each 

played in improved outcomes is uncertain.

Our trial compared clinical outcomes of adult and pediatric patients routinely monitored 

with POC versus SOC VL assays without additional interventions. We hypothesized 

that POC monitoring could improve 12-month VS and retention by enabling same-day 

counseling and treatment optimization.

METHODS

Study Design

Jos University Teaching Hospital (JUTH) is an urban tertiary hospital serving greater Jos, 

Nigeria. Its satellite facility, Comprehensive Health Centre Zamko (CHCZ), is a rural 

secondary hospital 200 km southeast of Jos. JUTH’s HIV clinic laboratory performs VL 

testing for 168 health facilities; CHCZ ships VL samples to JUTH weekly.

We implemented an unblinded 2-arm randomized controlled trial (RCT) at JUTH and CHCZ 

(Clinical Trials Identifier NCT03533868). The study protocol was previously published [16]. 

Patients with newly diagnosed HIV were randomized to receive either POC or SOC VL 

testing, routinely 6 and 12 months after ART initiation. Clinical outcomes were monitored 

up to 15 months after ART initiation to allow for delays in the 12-month visit.

The research was approved by JUTH’s and Harvard’s institutional review boards. The US 

Centers for Disease Control and Prevention (CDC) determined that its involvement did not 

constitute engagement in human subject research.

Participants

Adult (aged >15 years) and pediatric (aged 0–15 years) patients, newly initiating ART at 

JUTH or CHCZ between April 2018 and October 2019, were eligible for the trial. Patients 

with prior ART experience or current pregnancy were excluded. All participants provided 

written informed consent. For children younger than 18 years, written parental permission 

was obtained, with assent from children aged 7–17 years.

All POC patients were eligible for a post-trial survey. All HCWs directly involved in patient 

care or testing for the trial were eligible for a post-trial HCW survey and provided written 

consent.

The sample size of 538 could detect a 10% increase in VS (from 80%) with a power of 

0.8 and ɑ of 0.05, estimating 26% loss to follow-up (LTFU) by 15 months. Enrollment was 

summed weekly and concluded at the end of the week that the sample size was reached at 

541.
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Randomization

At ART initiation, enrolling participants were randomized 1:1 to the SOC or POC VL 

monitoring arm. Four separate lists for the JUTH and CHCZ adult and pediatric clinics were 

computer-generated before enrollment commenced using permuted block randomization, 

determining the trial assignment sequence.

Standard-of-Care

Based on Nigeria’s 2016 National ART guidelines, patients with newly diagnosed HIV 

initiated ART after clinical assessment [17]. Patients picked up ART monthly at the 

pharmacy, with clinical visits at 3 months, 6 months, and every 6 months thereafter for 

adults, and monthly to every 2 months for children. Samples were collected for VL testing 

by Roche COBAS AmpliPrep/TaqMan HIV-1 Test, v2.0 (Indianapolis, IN), at the JUTH 

laboratory at the 6- and 12-month clinical visits and every 12 months thereafter. If virally 

suppressed, patients received their results with standard counseling at their next scheduled 

clinical visit. If virally unsuppressed (≥1000 copies/mL), the patient was referred at their 

next ART pick-up (ie, 7–9 months on ART) for 3 monthly enhanced adherence counseling 

(EAC) sessions and a post-EAC VL test 3 months later (ie, 10–12 months on ART). 

Patients returned for clinical review 4 weeks later (ie, 11–13 months on ART), when, if 

unsuppressed, their regimen was switched to include a second-line protease inhibitor (PI) 

(Supplementary Table 1).

Nonroutine baseline VL tests were performed for both trial arms to understand pre-ART 

differences.

Point-of-Care

Point-of-care patients followed the SOC clinical visit algorithm. At the start of the 6- and 

12-month clinical visits, samples were collected for Cepheid Xpert testing and patients 

waited to receive their results with same-day counseling. If virally unsuppressed, patients 

received 3 monthly EAC sessions and a post-EAC Cepheid VL test after 3 months. If again 

unsuppressed, patients switched to a second-line PI regimen the same day (Supplementary 

Table 1). All other aspects of care followed standard clinic procedures.

Outcomes

The primary outcome was the proportion of patients in each trial arm with VS at 12 months, 

defined as a documented 12-month VL of less than 1000 copies/mL, the threshold used to 

define treatment failure by WHO [9]. In sensitivity analyses, we also evaluated VS at 200 

copies/mL or less and 50 copies/mL or less (undetectable). Secondary outcomes included 

12-month retention in care (proportion with a 12-month clinical visit), ART adherence, and 

LTFU from ART. We added documentation of 12-month VL results as a secondary outcome 

to determine its impact on VS differences.

ART adherence was measured using the medication possession ratio based on electronic 

pharmacy refill data [18]. Adherence was calculated as number of days supplied with ART 

over total number of days in the 0–12- and 6–12-month time intervals, using patients’ actual 

clinical visit dates. If a patient missed a visit, the interval used a proxy endpoint 6 months 
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after the prior visit. Failure to pick up medication for any reason (default, LTFU, death) 

resulted in reduced adherence during the time interval.

Loss-to-follow-up was defined as having run out of ART, based on pharmacy dispensing 

records, at least 60 days before data were censored (15 months after ART initiation).

Post-Trial Surveys

To assess perceptions of POC VL monitoring, post-trial surveys were administered in 

person by adherence counselors to retained POC patients at the end of their 12-month visit. 

Counselors read questions together with patients and circled the patients’ responses. Eligible 

HCWs self-completed a written post-trial staff survey. Survey responses were rated on a 

Likert scale, and the proportion of respondents who agreed or strongly agreed with the given 

statements was calculated.

Data Collection

Study enrollment, visit, and survey data were entered in trial forms and corresponding 

databases. Routine clinical data, including VL results, were entered into patient medical 

records charts and the electronic medical record (EMR) (Claris FileMaker Pro), consisting 

of networked clinical, laboratory, and pharmacy databases. Relevant EMR data were 

extracted for analyses.

Statistical Analysis

For baseline patient demographic and clinical characteristics, site differences were assessed 

using chi-square or Fisher’s exact tests.

Outcomes were compared between trial arms using risk ratios and differences. The primary 

outcome of 12-month VS was analyzed 3 ways. In intention-to-treat (ITT), all patients 

were included in the denominator and a missing 12-month VL was treated as a failure. In 

complete case (CC), patients missing a 12-month VL result were excluded. In per-protocol 

(PP) analysis, a missing 12-month VL was treated as a failure and patients who did not 

make a 6-month visit (did not receive the intervention), withdrew from the trial, or switched 

to second-line ART due to virologic failure (unable to receive a 12-month VL by testing 

algorithm) were excluded. Sensitivity analyses compared patients included and excluded 

from the PP analysis using chi-square tests. Secondary outcomes were analyzed using ITT 

and PP only, as all patients were assessed.

Bivariate associations between documented VS and patient characteristics were examined 

using chi-square tests (PP analysis). Variables with P < .25 were included in a multiple 

logistic regression model; the adjusted model retained variables with P < .05. Analyses were 

performed using Stata 15 (StataCorp, College Station, TX).

RESULTS

Total trial enrollment was 541 patients: 293 JUTH adults, 203 CHCZ adults, 28 JUTH 

children, and 17 CHCZ children (Tables 1 and 2).
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Among all adults, the median age was 36 years (interquartile range [IQR]: 30–43 years), 

and 65.7% (326/496) were female. Compared with JUTH, a significantly higher proportion 

of CHCZ adults were female, less educated, and in labor/service versus professional/

managerial occupations, and a lower proportion were single and had advanced WHO stage, 

tuberculosis coinfections, high body mass index, and dolutegravir (DTG)-based initial ART 

regimens (P < .05) (Table 1). Among all 45 pediatric patients, 16 (35.6%) were younger 

than 5 years, 18 (40.0%) were aged 5–9 years, 11 (24.4%) were aged 10–17 years, and 23 

(51.1%) were female (Table 2).

At enrollment, 273 patients were allocated to the POC arm and 268 to the SOC arm (Figure 

1). At month 6, 79.9% (218/273) of POC and 80.2% (215/268) of SOC patients made their 

clinical visit, receiving the intervention (see also Supplementary Table 2). At month 12, 

66.7% (182/273) of POC and 62.3% (167/268) of SOC patients made their clinical visit; 

33.3% (91/273) of POC patients and 37.7% (101/268) of SOC patients discontinued the trial 

due to transfer out, withdrawal, death, or LTFU.

In sensitivity analyses, no difference was detected in the proportion of POC patients (68/273, 

24.9%) versus SOC patients (60/208, 22.4%) excluded from the PP analysis (P = .490). 

Patients included in the PP analysis did not differ in baseline characteristics by trial arm 

(data not shown).

Primary Outcome

In ITT analysis, 59.3% (162/273) of POC patients versus 52.2% (140/268) of SOC patients 

had documented 12-month VS at less than 1000 copies/mL (P = .096) (Table 3). No 

difference was detected in CC analysis: 90.5% (162/179) of POC patients and 90.9% 

(140/154) of SOC patients had 12-month VS (P = .899). In PP analysis, 77.1% (158/205) 

of POC patients had 12-month VS compared with 65.9% (137/208) of SOC patients, with 

an 11.2% risk difference (P = .012). Comparisons were similar at VS thresholds of 200 

copies/mL or less and 50 copies/mL or less, except at 200 copies/mL or less the 9.0% 

difference was significant (P = .012) in ITT analysis.

Secondary Outcomes

In exploring the differences in VS in ITT and PP but not in CC analysis, we found that the 

POC arm had more documented VL results than the SOC arm, a difference of 8.1% (P = 

.053) in ITT and 13.2% (P = .001) in PP analysis (Table 3).

For 12-month retention in care, ITT analysis detected no significant difference between trial 

arms. However, 85.9% (176/205) of POC patients versus 76.9% (160/208) of SOC patients 

made a 12-month clinical visit (P = .02) in PP analysis.

For adherence, ITT analysis detected no difference between trial arms. In PP analysis, 

a marginally higher proportion of POC patients had month 6–12 adherence of 95% or 

greater (5.2% difference) compared with SOC patients, although this was not significant. No 

difference was detected between arms in LTFU from ART.
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Predictors of Documented Viral Suppression

After adjusting for demographic and clinical characteristics, those with POC trial 

assignment (odds ratio [OR]: 1.95), age 18 years and older (OR: 3.86–6.36), professional/

managerial occupation (OR: 4.85), and 80% or greater adherence (OR: 4.03–10.52) had 

significantly higher odds of documented VS compared with their reference groups (Table 4) 

in PP analysis. Patients with baseline VL of 100 000 copies/mL or more versus less than 100 

000 copies/mL had lower odds (OR: .58) of VS.

Acceptability of Point-of-Care Viral Load Testing

Of the 273 enrolled POC patients, 182 (66.7%) had a 12-month clinical visit and 163 

(89.6%) of those completed a post-trial survey (Figure 2). Among respondents, 90.8% 

(148/163) did not mind waiting for results, 96.3% (156/162) believed same-day results 

encouraged ART adherence, 85.0% (136/160) believed the POC VL assay is reliable, and 

90.2% (147/163) preferred POC over SOC testing. At CHCZ, 95.9% (71/74) of patients 

preferred POC VL testing versus 85.4% (76/89) at JUTH (P = .033).

All 15 eligible HCWs—10 JUTH and 5 CHCZ—completed the post-trial HCW survey 

(Figure 3). All (100%) HCWs felt confident in the Cepheid results (15/15) and thought that 

POC VL results arrived in patients’ EMR more quickly (15/15), helped patient care (15/15), 

and aided in timely treatment decisions (14/14). Additionally, 93.3% (14/15) of HCWs 

believed that POC VL benefitted patients. However, 43% (6/14) of HCWs noted Cepheid 

test supply problems, and 33.3% (5/15) thought POC VL required more nurse/counseling 

time.

DISCUSSION

This RCT at an urban hospital and affiliated rural facility in Nigeria showed POC VL 

monitoring modestly improved 12-month documented VS (11.2%) and retention (8.9%) (PP 

analysis). Point-of-care monitoring was preferred over SOC by the majority (90.2%) of 

patients and acceptable to HCWs.

Because of high patient LTFU before receiving the intervention at 6 months in both arms, 

inclusion of these patients in ITT analysis diluted the effect estimates. As there was no 

evidence of attrition bias and included patients remained comparable between trial arms, the 

PP analysis better estimates the actual intervention effects. We did not detect differences 

in VS in CC analysis, or in adherence or LTFU from ART. However, documented VS 

was significantly greater in the POC arm at all VL thresholds in PP analysis, and at 200 

copies/mL or less in ITT analysis. The mechanisms by which POC monitoring improves 

documented VS in PP analysis appear to be by increasing 12-month retention and improving 

documentation of VL results. Point-of-care monitoring may increase retention by improving 

engagement in care, particularly patients who might have been LTFU before receiving 

their result in SOC care. Point-of-care testing may intrinsically improve documentation by 

reducing SOC barriers of specimen storage and transport, batched and delayed laboratory 

testing, and possible specimen labeling and data issues.
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In addition to POC trial assignment, other predictors of documented VS included having 

95% or greater adherence, age 18 years and older, and non-student status. Lower VS rates 

among children and adolescents versus adults have been documented [20–22]. A Haiti trial 

comparing POC versus SOC VL monitoring among 150 ART-experienced youth aged 10–

24 years did not detect a difference in VS or adherence 6 months later [23]. Combined 

age-appropriate interventions for youth to address their unique social-behavioral challenges, 

retention and adherence issues, higher drug resistance, and caregiver burdens may be needed 

to observe POC benefits.

Acceptability is important in determining the utility of POC VL monitoring. Point-of-care 

patients spent a median of 4.5 hours (IQR: 3.3, 5.2 hours) in the clinic at their follow-up 

visits compared with 3.2 hours (IQR: 2.3, 4.1 hours) for SOC patients, partially accounted 

for by same-day counseling time. Nevertheless, 90.2% of surveyed patients preferred POC 

VL, and 100% of 15 HCWs believed POC VL helped patient care. The STREAM trial 

also found high patient and nurse acceptability [24]. The higher preference for POC VL 

monitoring among CHCZ (95.9%) versus JUTH (85.4%) patients might reflect longer 

hospital commutes in rural settings and busyness of urban professionals making them less 

amenable to waiting for results.

Our study had a number of limitations. First, Cepheid’s plasma separation requirement 

necessitated installing a safety hood in the clinics. A true POC assay utilizing whole blood 

may address this barrier and decrease waiting time. Second, it is possible that study team 

bias might have bolstered the intervention. Alternatively, HCWs needed to learn and follow 

nonroutine POC procedures, potentially impairing the intervention. Third, a number of 

unanticipated factors impacted our trial. Nigeria’s adult HIV prevalence decreased to 1.4%, 

as published in 2019 (previously estimated at 2.8%), impacting trial enrollment [25]. With 

lower enrollment, our trial was also not powered to detect differences by site, which would 

have provided important information comparing urban versus rural settings. In 2019, DTG, 

a highly effective antiretroviral with high resistance barrier, was rolled out in Nigeria, 

which likely affected VS at both the 6-month and 12-month time points in both trial arms. 

During the course of the trial, Jos was affected by HCW strikes, national protests, and, 

most significantly, the global coronavirus disease 2019 (COVID-19) pandemic, resulting in 

numerous lockdowns beginning March 2020, disrupting patient care and visits. Multi-month 

dispensing to ensure ART continuity altered visit scheduling and may have reduced the 

utility of medication possession ratio in measuring adherence. Fourth, our trial enrolled only 

patients initiating ART, and may not be generalizable for all patient populations and clinics. 

Finally, we measured 12-month VS, after having the intervention once. Multiple tests over a 

longer follow-up may demonstrate different effects.

Nevertheless, this pragmatic RCT contributes to the limited literature on clinical outcomes 

and utility of POC VL in both urban and rural RLSs. We compared a POC VL strategy 

aimed at utilizing the rapid results to unmodified SOC procedures without changing other 

aspects of care, enabling assessment of the POC intervention alone. Further, our trial 

design included a qualitative patient and HCW acceptability assessment to contextualize the 

quantitative results. Our trial found that POC monitoring significantly improved timeliness 

of results and time to second-line switch for virologic failure [26].
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In conclusion, our trial found POC VL monitoring improved 12-month documented VS 

and retention in care, was feasible in urban and rural clinics, and was highly acceptable to 

most patients and HCWs. Further operational research could inform the characteristics of the 

clinics, patient populations, and implementation approaches that will determine where POC 

VL monitoring will most benefit patient care.
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Figure 1. 
Trial flow diagram. Flow diagram adapted from Consolidated Standards of Reporting Trials 

(CONSORT) 2010 guidelines [19]. Abbreviations: ARV, antiretroviral; CC, complete case; 

POC, point-of-care; PP, per protocol; SOC, standard-of-care; VL, viral load; VS, viral 

suppression.
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Figure 2. 
Post-trial point-of-care patient survey results. Surveys were completed by 89 adult and 

pediatric patients at JUTH, and 74 adult and pediatric patients at CHCZ. Values in 

parentheses after each survey question represent the numbers of patients who responded to 

the given question at JUTH and CHCZ, respectively. Abbreviations: CHCZ, Comprehensive 

Health Centre Zamko; JUTH, Jos University Teaching Hospital; POC, point-of-care; Str., 

strongly; VL, viral load.
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Figure 3. 
Post-trial HCW survey results. Surveys were completed by 10 HCWs at JUTH and 5 

HCWs at CHCZ. Survey participants included 6 physicians, 2 nurses, 3 phlebotomists, 

and 4 laboratory technicians. Values in parentheses after each survey question represent 

the number of HCWs who responded to the given question (excluded if not applicable). 

Abbreviations: CHCZ, Comprehensive Health Centre Zamko; HCW, healthcare worker; 

JUTH, Jos University Teaching Hospital; POC, point-of-care; VL, viral load; Str., strongly.
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