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Abstract

Objectives—WHO recommends HIV viral-load (VL) testing six months after antiretroviral 

therapy (ART) initiation and every 12 months thereafter, but cost prohibits routine, universal VL 

testing in many developing countries. We sought to devise a targeted approach to routine VL 

monitoring that could reduce cost and identify those at low risk for virologic failure (VF).

Methods—We analyzed screening data from a clinical trial enrolling adults on ART in Malawi. 

We identified risk factors associated with VF, and employed the Knill-Jones method to assign 

summary score identifying persons at lower risk for VF.

Results—Among 957 adults, prevalence of VF was 9.4%. Factors independently associated with 

VF included; age < 38 years (OR 3.44, 95% CI 2.01 – 5.89), ART duration > 2.5 years (OR 2.98, 

95% CI 1.79 – 4.96), ART adherence < 95% (OR 1.76, 95% CI 1.06 – 2.94), CD4 count < 200 

cells/µL (OR 5.94, 95% CI 3.27 – 10.78), hemoglobin < 13 g/dl (OR 2.76, 95% CI 1.70 – 4.50) 

and CD8 count > 885 cells/µL (OR 2.10, 95% CI 1.28 – 3.44). Our VF prediction summary score 

included all factors above except CD8 count and was fairly accurate with validated area-under-

receiver-operating-characteristic-curve of 0.76. Implementation could reduce VL testing by 65%.

Conclusion—A simple score incorporating age, ART duration and adherence, and CD4 count 

can accurately identify adults at low-risk for VF in a sub-Saharan-African setting. In areas with 

high ART utilization and limited VL testing capacity, a targeted approach could optimize routine 

VL monitoring while identifying adults in need of alternate ART regimens.
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Introduction

Sub-Saharan Africa is home to 25.8 million people living with HIV (PLHIV) infection with 

over 12 million accessing life-saving anti-retroviral therapy (ART) administered in the 

context of national HIV programs.1 WHO recommends viral load (VL) monitoring six 

months after ART initiation and every 12 months thereafter for adults on ART.2 In settings 

where VL testing is not widely available, virologic failure (VF) is monitored using clinical 

and immunological criteria.3 Clinical criteria include development of a new or recurrent 

WHO stage 4 clinical event after 6 months of ART with good adherence. Immunological 

criteria include a decrease in CD4 count to baseline or below, or persistent CD4 levels <100 

cells/µL.2 Used alone, clinical and immunological criteria poorly predict VF.4, 5, 6, 7 Delayed 

identification of VF leads to accumulation of resistance mutations, transmission of resistant 

strains,8, 9, 10, 11, 12 and increased morbidity and mortality in individuals on failing regimens.
6, 13, 14, 15, 16 Inaccurate clinical and immunological monitoring leads to unnecessary 

switching to second line ART regimens that are more expensive, toxic, and complex to 

procure.6, 13, 14, 16, 17, 18, 19

In an effort to maximize the impact of strained public health resources, routine VL 

monitoring in Malawi is scheduled at 6 and 24 months after ART initiation, then once every 

2 years.20 Logistics, high technical demands and cost of routine VL monitoring are 

challenging for low income countries like Malawi where more than 600,000 people on ART 

strain a limited healthcare system.20, 21, 22 In 2015, only one-quarter of Malawian ART 

patients had a VL test.23

The availability of a screening tool that incorporates readily available data to identify 

individuals at low risk for VF could reduce the costs and inefficiencies associated with 

routine VL monitoring in all patients on ART.18, 24 Therefore, we set out to develop a 

practical VF prediction tool that could be used by health care workers in Malawi and similar 

low-income country settings for routine testing of adults on first line ART who otherwise do 

not meet criteria for viral load testing. The tool is meant for use in a relatively healthy 

population of adults on ART, as persons with a new WHO Stage 3 or 4 defining condition 

would routinely undergo viral load testing in this setting.

Materials and Methods

Study design and population

This cross sectional study analyzed screening data from a randomized clinical trial among 

adults on antiretroviral therapy in a semi-urban region of Blantyre, Malawi 

(ClinicalTrials.gov Identifier NCT01650558).25 We screened adult PLHIV at Ndirande 

Health Center ART Clinic in Blantyre, Malawi. We obtained informed consent from non-

pregnant adults on first line ART for at least 6 months and cotrimoxazole prophylaxis for at 
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least 2 months and without evidence of active WHO Stage 3 or 4 illness.25 Screening 

laboratory specimens for HIV viral load, CD4, full blood count (FBC), alanine transaminase 

(ALT) and creatinine were drawn from participants without severe acute illness, active 

tuberculosis, ongoing secondary antibiotic prophylaxis, or contraindications to chloroquine 

or anti-folate drugs.25 Standard first-line ART for this population included a non-nucleoside 

reverse transcriptase inhibitor (nevirapine or efavirenz) and two nucleoside/nucleotide 

reverse transcriptase inhibitors (stavudine, tenofovir, or zidovudine plus lamivudine). We 

defined VF according to WHO guidelines2 at >1,000 copies/mL.

Study Procedures

We assessed HIV VL using the Abbott real time HIV-1 assay (Des Plaines, IL, USA), CD4 

and CD8 cell counts using the Becton-Dickinson FacsCount (San Jose, CA, USA), and full 

blood count using a Beckman Coulter counter (Miami, FL, USA) to determine hemoglobin 

and absolute neutrophil count (ANC). We analyzed ALT and creatinine using a Beckman 

Coulter AU480 biochemistry analyzer (Miami, FL, USA). Data were captured on paper case 

report forms, reviewed via routine quality control checks and then transcribed into an 

electronic database. The number of missed ART doses since the last clinic visit 

approximately 3 months prior was self-reported by participants and considered adequate if 

≥95% of doses were taken.

Statistical Analysis

We analyzed data using STATA version 13.0 (Stata Corporation, College Station, TX, USA) 

and R version 2.15.3 (The R Foundation for Statistical Computing, Vienna, Austria; rms 

package). Bivariate logistic regression was used to identify factors associated with VF. 

Potential risk factors included in the analysis were; gender, age in years, body mass index 

(BMI), duration on ART, ART adherence, hemoglobin, ALT, ANC, CD4 cell count, CD8 

cell count, and creatinine. Using a forward inclusion stepwise approach, we developed a 

multivariable logistic model including variables associated with VF in bivariate analysis at a 

predetermined P-value of ≤ 0.1, namely: age, sex, ART duration (months), ART adherence 

(defined as adequate if ≥95% doses taken, or inadequate if <95% doses taken in the last 3 

months), hemoglobin, ANC, ALT, creatinine, CD8 and CD4 cell count.
8, 14, 15, 16, 17, 18, 19, 21 All continuous variables except CD4 count were assigned a data-

derived threshold to maximize sensitivity and specificity for VF. For CD4 count, we used a 

threshold of 200 cells/µL because of its clinical relevance.

To establish a model to predict VF risk, we used the Knill-Jones method to assign numerical 

values to risk factors.26 We first developed the model using a tool derivation dataset from the 

first group of screened participants by calculating the logarithm of the likelihood ratio of 

each variable and converted to the nearest integer to give a value to each risk factor. To 

assess validity, performance of this model was then internally validated using data from the 

next set of participants screened for the clinical trial but not included in tool’s derivation 

dataset. We summarized the numeric values assigned to each of the identified risk factors, 

establishing a VF prediction tool with four threshold scores.
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Ethics

The study was approved by the University of Malawi, College of Medicine Research Ethics 

Committee (COMREC) and the University of Maryland Institutional Review Board. Written 

informed consent was obtained from each participant.

Results

Baseline characteristics

We enrolled 957 participants from November 2012 to February 2014 for the derivation 

cohort and 186 participants from March 2014 to October 2014 for the validation cohort. The 

derivation and the validation cohorts differed with regard to gender, age, time on ART, poor 

adherence to ART, hemoglobin and CD4 count (Table 1), while the prevalence of VF in the 

two groups was not significantly different.

Risk Factors for VF

Factors associated with VF in bivariate analysis include age <38 years (OR 2.83, 95% CI 

1.74 – 4.61), >2.5 years on ART (OR 1.91, 95% CI 1.21 – 3.04), inadequate ART adherence 

(OR 2.05, 95% CI 1.28 – 3.27), hemoglobin <13 g/dl (OR 3.00, 95% CI 1.89 – 4.77), ALT 

>33 U/L (OR 0.54, 95% CI 0.29 – 1.01), ANC <1,300 cells/µL (OR 2.10, 95% CI 1.30 – 

3.38), CD4 count <200 cells/µL (OR 4.80, 95% CI 2.88 – 8.02) and CD8 >855 cells/µL (OR 

1.72, 95% CI 1.11 – 2.66). Gender (OR 0.64, 95% CI 0.37 – 1.12), body mass index (OR 

0.73, 95% CI 0.34 – 1.56), and creatinine (OR 0.56, 95% CI 0.19 – 1.64) were not 

associated with VF in the bivariate analysis (Table 2).

In multivariable analysis, age <38 years (OR 3.44, 95% CI 2.01 – 5.89), >2.5 years on ART 

(OR 2.98, 95% CI 1.79 – 4.96), adherence <95% (OR 1.76, 95% CI 1.06 – 2.94), 

hemoglobin <13 g/dl (OR 2.76, 95% CI 1.70 – 4.50), CD4 count <200 cells/µL (OR 5.94, 

95% CI 3.27 – 10.78) and CD8 >855 cells/µL (OR 2.10, 95% CI 1.28 – 3.44) remained 

independently associated with VF (Table 2).

Construction and validation of the virologic failure prediction model and tool

Using the Knill-Jones method of constructing prediction models to estimate adjusted 

likelihood ratios, and the derivation dataset, we assigned numerical values to each of the 

variables that demonstrated significance in multivariable analysis (Table 2). All variables 

that were independently predictive of VF contributed a value of one except CD4 count, 

which earned two. We then applied the model to predict VF in the derivation and validation 

datasets. The sensitivity and specificity of the model in predicting VF when the total point 

score was ≥ 1 was similar in both datasets (Figure 1) as the area under receiver operating 

characteristic curve (AUROC) was 0.77 in the derivation set and 0.76 in the validation set 

(p-value = 1.0). A model that did not include CD8 values showed similar results (AUROC 

0.77 for derivation dataset).

The five variables included in the final model (age < 38 years, ART duration > 2.5 years, 

ART adherence < 95%, hemoglobin < 13 g/dL, and CD4 < 200 cells/µL) were incorporated 
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in our final VF prediction tool. Using this tool, an individual’s score is calculated by the sum 

of the numerical values of each of the five variables; totals can range from 0 to 6 (Table 2).

Determining the threshold of the prediction tool score for virologic failure—
We then explored the most useful threshold score that could identify patients with very low 

VF risk while minimizing the risk of missing patients with VF. At a threshold score of ≥ 1, 

the tool shows 100% sensitivity for VF, but would also require that 96% of individuals 

undergo VL testing. At a threshold score of ≥ 2, the tool demonstrated 90% sensitivity for 

VF. The AUROC of 0.77 represented averting 266/957 (27.8%) VL tests, which would have 

missed only 9/90 (10%) of patients with VF. Raising the cut-off to ≥ 3 decreased the 

sensitivity to 75.6%, with an AUROC of 0.72. Under this scenario, 626/957 (65%) VL tests 

could be averted but missing 22/90 (24%) of patients with VF. Among patients predicted not 

to have VF at this higher threshold, the probability of having a VL of <1000 copies/mL was 

604/626 (96.5%) (Table 3).

Discussion

Our study findings demonstrate a 9.4% prevalence of VF in clinically stable adults who had 

been on ART for at least 6 months and who had no symptoms suggestive of WHO stage 3 or 

stage 4 illness. Targeting VL testing to the minority of adults on ART at highest risk of VF 

where the recommended VL monitoring is not widely accessible, reasonably justifies 

developing a strategy that will identify individuals at low risk of VF, and then excluding 

them from VL testing.

The independent risk factors for VF in our population were younger age, longer ART 

duration, sub-optimal self-reported ART adherence, lower hemoglobin, lower CD4 count 

and higher CD8 count. These findings are consistent with those in other studies from 

resource-limited settings.24, 27, 28, 29, 30

We developed a VF prediction tool from these clinical and laboratory risk factors that can 

select clinically stable adults on first line ART who may be exempted from VL testing at 

routine VL monitoring milestones. Of the score thresholds that we considered, two had 

potential merit for use in routine VL monitoring. Using a threshold of ≥ 2 (sensitivity for VF 

= 90%), the tool would have precluded 266/957 (28%) of VL tests in our cohort but failed to 

predict the need for VL testing in 9/266 patients (3.4%). At a lower sensitivity threshold of 

≥3 (sensitivity = 75.6%), the tool would have reduced nearly 2/3 of VL tests but missing 

nearly one quarter (24%) of patients with VF.

Previously published tools used in Cambodia and Lesotho24, 27, 30 were developed in cohorts 

with relatively high prevalence of VF, and were optimized to identify patients with high risk 

of VF for VL testing. In addition they were determined on the basis of prospectively 

collected laboratory data, including trends of 6-monthly CD4 count and hemoglobin; these 

were considered not to be feasible in Malawi and similar settings18, 24, 30. In contrast, our 

prediction tool is designed to identify individuals with very low VF risk, and to be used at a 

routine VL testing milestone for ART patients who are clinically stable. Our VF prediction 

tool is appropriate for our setting as the included parameters are readily available. The 
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identified risk factors for VF in our model showed reasonable but suboptimal predictive 

performance (AUROC 0.77), leaving room for further refinement to achieve higher 

predictive accuracy through studies in similar settings.

Development and application of tools that predict reduced risk of VF face several 

challenges. Identifying the optimal balance between sensitivity and specificity in clinically 

stable patients is difficult. Both of the thresholds we evaluated led to substantial saving on 

VL tests -- but would fail to identify patients with VF. Such missed opportunities to 

diagnose VF before clinical or immunological criteria manifest are extremely detrimental 

and may lead to emergence and spread of ART-resistant virus, clinical deterioration and 

mortality.3, 9, 12, 31 If patients who were exempted from VL testing would automatically 

qualify at the next planned routine VL testing date, those who were not provided VL testing 

due to the incorrect assignment of low risk would have a maximum delay of VF diagnosis of 

two years under WHO guidelines - but this could be as long as four years under Malawi 

guidelines. A second challenge is that calculating the correct score of the VF prediction tool 

is relatively complicated and thus subject to human error, especially in settings where ART 

services are delegated to health workers with limited education and training. This could be 

overcome by incorporation of the calculation in an electronic medical record system or 

through a simple mobile phone-based calculator.

Routine VL monitoring benefits both patients and ART programs by reducing the number of 

persons being wrongly switched to second-line therapy and the associated increased expense 

and toxicity.32 VL-informed care of PLHIV motivates good ART adherence, prevents VF 

and can lead to less frequent follow-up required for those who are stable and suppressed, 

resulting in more capacity to follow-up those who are unsuppressed: promoting ART 

adherence and timely switching to second-line ART.33 However, in the fourth quarter of 

2015, only 27% of the estimated 75,000 patients on ART in Malawi who met criteria for 

routine VL monitoring had a VL test done.23 Viral load testing is logistically and technically 

demanding, and expensive. A lack of clinician awareness of the long-term individual patient 

benefit and the role of VL monitoring in prolonging longevity of ART treatment programs 

may also contribute to limited implementation of VL testing.21

Several strategies have been proposed to make routine VL monitoring more cost-effective, 

including use of dried blood spot (DBS) samples, simplifying sampling, storage and 

transport, and the use of pooled plasma samples.3 Use of a VF prediction tool to distinguish 

clinically stable, very low-risk adults who might not benefit from VL testing is another 

potential cost saving strategy.3, 34 Our VF prediction tool has the potential to save a 

substantial percentage of VL tests among a very large and increasing number of patients on 

ART and therefore holds important cost-saving promise, but formal cost-effectiveness 

studies are required to support this.

Our targeted approach to routine VL monitoring employs a combination of readily available 

clinical and laboratory variables to identify those at very low risk of VF among clinically 

stable PLHIV on first line ART. The tool may be used to exclude patients from VL testing in 

a routine VL monitoring program, and has the potential to reduce the number of VL tests by 

more than half with a small risk of missing VF. Future studies should further refine and 
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validate the approach and determine its practicality, optimal timing, acceptability and cost-

effectiveness.
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Figure 1. 
Derivation (n = 952) Validation (n = 186)
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Table 1

Comparison of baseline characteristics in derivation and validation groups

Derivation (n = 957) Validation (n = 186) P-value

Clinical

Male gender (%) 249 (26%) 63 (34%) 0.02

Mean age – years (SD) 39.6 (9.16) 38.0 (9.95) 0.03

Mean Body Mass Index (SD) 22.4 (3.71) 22.2 (3.34) 0.45

Median months on ART (IQR) 34 (18 – 60) 27 (13 – 51) <0.01

ART adherence <95% (%) 526 (55%) 128 (69%) <0.01

Laboratory

Mean hemoglobin – g/dL (SD) 13.2 (1.78) 12.9 (1.92) 0.02

Median ALT – IU/L (IQR) 23 (19 – 32) 23 (16 – 32) 0.08

Median ANC – ×103/µL (IQR) 1.9 (1.43 – 2.60) 1.8 (1.36 – 2.53) 0.94

Mean CD4 – cells/µL (SD) 499.9 (265.92) 448.5 (263.76) 0.02

Mean CD8 – cells/µL (SD) 884.5 (384) 908.5 (336.81) 0.47

VL >1,000 copies/ml (%) 90 (9.40%) 21 (11.3%) 0.43

Mean Creatinine – mg/dL (SD) 0.69 (0.19) 0.72 (0.17) 0.02

SD – standard deviation; IQR – interquartile range; ART – antiretroviral therapy; ALT – alanine transaminase; ANC – absolute neutrophil count; 
VL – viral load.
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