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Abstract

Introduction—The concept of community viral load as a modifiable driver of new HIV 

infections has attracted substantial attention. While several measures of community viral load have 

been proposed, none have been empirically compared as correlates of HIV incidence.

Methods—In a sample of 26,503 people who inject drugs (PWID) and men who have sex with 

men (MSM) recruited using respondent-driven sampling from 27 sites in India, we assessed site-

level correlations between five community-based measures of HIV control and HIV incidence - 

estimated with a multi-assay algorithm. Antiretroviral therapy (ART) use was self-reported. All 

subjects were tested for HIV, with additional testing in HIV-positive participants. Population viral 

load (PVL), aware viral load (AVL), and in-care viral load (ICVL), were the mean log10 HIV RNA 

among all HIV-positive persons, those aware of their diagnosis (but not necessarily in care), and 

those in care, respectively. Population ART coverage was defined as the proportion of HIV-

positive subjects taking ART and prevalence of viremia as the prevalence of HIV-positive 

individuals with HIV RNA>150 copies/ml.

Findings—Prevalence of viremia (ρ=0.81) was significantly more correlated with HIV incidence 

than all other measures including ICVL (ρ=0.29), AVL (ρ=0.59), PVL (ρ=0.51) and population 
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ART coverage (ρ=−0.54). In regression analysis, a reduction in prevalence of viremia of 4.34% 

was associated with a 1% decrease in HIV incidence.

Interpretation—Prevalence of viremia, which incorporates information on HIV prevalence and 

viremia, had the strongest correlation with HIV incidence in this sample and may be a useful 

measure of program effectiveness.

Funding—US National Institutes of Health, Elton John AIDS Foundation

INTRODUCTION

Compelling evidence of HIV treatment as prevention from clinical studies1 and expanding, 

but highly variable, global antiretroviral therapy (ART) coverage2,3 has focused attention on 

the need to monitor community-level effectiveness of ART. In the treatment as prevention 

paradigm, HIV incidence is the optimal measure of program effectiveness. However, 

measurement of HIV incidence is difficult and expensive, and rarely undertaken outside of a 

research context.4 Researchers have proposed community viral load5,6 and population ART 

coverage2 as capturing a causal relationship between community-level HIV treatment 

effectiveness and HIV transmission.

Community viral load - a family of measures derived from HIV RNA measurements in 

subgroups of HIV-infected persons – has been temporally correlated with HIV incidence or 

new HIV diagnoses (from administrative databases) in ecologic studies.7–9 However, these 

measures have limitations. Community viral load data derived from administrative databases 

fail to represent individuals who are out-of-care or unaware of their status, a population that 

has been proposed to account for a large fraction of HIV transmission.5 Community viral 

load measured in the context of a cohort study may reflect out-of-care persons, but is 

unlikely to adequately account for those who are unaware of their status, as seronegative 

cohort participants are usually routinely tested for HIV at study visits. Others have argued 

that central tendency measures of community viral load among infected persons fail to 

account for HIV prevalence, which may vary widely by community.5,10

Unlike community viral load measures, the metric of population ART coverage is based on 

administrative pharmaceutical data and does not require HIV RNA quantification. This and 

the ability to measure ART coverage using self-report survey data makes it an appealing 

measure for resource-limited settings. In a large study from South Africa, higher regional 

ART coverage was associated with lower HIV incidence.2 To date, no studies have directly 

compared strength of association between measures of community viral load or ART 

coverage and HIV incidence in the same sample.

We had a unique opportunity to estimate multiple measures of community viral load and 

population ART coverage with data systematically collected from 26,503 individuals at 

high-risk for HIV acquisition across 27 Indian sites – 12,022 men who have sex with men 

(MSM)11 and 14,481 people who inject drugs (PWID).12 We compared correlations of 

community measures of viral burden and ART coverage with a validated cross-sectional 

multi-assay algorithm of HIV incidence.13
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METHODS

Study Setting

Data were collected from the baseline assessment of an ongoing cluster randomized trial 

among MSM and PWID in India (ClinicalTrials.gov Identifier: NCT01686750). The study, 

“Integrated Care Centers to improve HIV outcomes in vulnerable Indian populations: 

National Collaboration on AIDS [The NCA study]” uses a cluster randomized trial design to 

evaluate the effectiveness of integrated care centers on improving uptake of HIV testing, 

care and treatment among MSM and PWID in 22 cities across India. The intervention, 

integrated HIV prevention and treatment services in a single venue, is nested between two 

serial cross-sectional surveys. The baseline assessment was conducted in 27 sites (12 MSM 

and 15 PWID) across India (Supplementary Figure 1),11,12 selected to reflect varying stages 

of the HIV epidemic among MSM and PWID.

Study Population

Detailed rationale for the approach have been described.11,12,14 The study population was 

accrued using respondent-driven sampling (RDS), a chain-referral recruitment strategy that 

is effective in recruiting hard-to-reach populations.15,16 In each site, prior to the RDS, 

ethnography was conducted to identify “seeds” – individuals considered influential in the 

local (i.e., city) MSM/PWID community who served as the starting point for RDS. Each 

participant that completed the study assessment was given two hologram-labeled referral 

coupons to recruit two members of their network. Two seeds (started simultaneously) were 

used in all but one MSM site (Delhi) and one PWID site (Gangtok) where an additional seed 

was included. Recruitment was continued at each site until 1000 eligible participants had 

been recruited. The median depth (IQR [interquartile range]) of the RDS samples in the 

MSM sites was 21 waves from the seed (15 – 23) and 22 (14 – 31) in the PWID sites. The 

median time (IQR) to recruitment was 99 days (84 – 120) in MSM sites and 135 days (89 – 

145) in PWID sites. Participants were reimbursed both for participation and for each eligible 

subject they referred to the study. Participants provided a fingerprint, which generated a 

unique hexadecimal code to prevent duplicate enrollment to the study. All RDS process 

measures were satisfied with respect to equilibrium during recruitment (covariate 

proportions stabilized with successive recruitment waves) and homophily (the tendency of 

participants to recruit individuals with similar characteristics) according to HIV status and 

other factors. Homophily with respect to HIV status was <0.20 in all but 2 sites.11,12

Eligibility criteria for both MSM and PWID included: (1) age ≥ 18 years; (2) informed 

consent; and (3) possession of a valid RDS referral coupon. In addition to these criteria, 

MSM participants also had to self-identify as male and report sex with a man in the prior 12 

months. Similarly, PWID participants had to additionally report drug injection in the prior 

24 months.

Study Procedures

Participants completed an interviewer-administered electronic survey, which captured 

information on demographics, risk behavior and access to HIV prevention and treatment 
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services. Participants underwent rapid HIV testing with pre- and post-test counseling on-site. 

Samples were shipped to the central laboratory in Chennai, India.

HIV testing and estimation of cross-sectional HIV incidence

HIV testing was performed on all participants with three rapid tests: Alere™ Determine™ 

HIV-1/2 (Alere Medical Co., Ltd., Chiba, Japan); First response HIV card test 1–2.0 (PMC 

Medical India Pvt, Ltd, Daman, India); and Signal Flow Through HIV 1+2 Spot/Immunodot 

Test kit, (Span Diagnostics Ltd, Surat, India).

To estimate cross-sectional HIV incidence, we used a multi assay algorithm (MAA) 

validated for subtype-C – the predominant subtype in India.17 The first step in this method 

was to conduct additional testing on specimens from HIV seropositive participants, 

including absolute CD4+ count using the FlowCARE™ PLG CD4 (CD45-FITC/CD4-PE) 

assay (Beckman Coulter, CA, USA), HIV-1 RNA using RealTime HIV-1 assay (Abbott 

Laboratories, Abbott Park, Illinois, USA), Aware™ BED™ EIA HIV-1 Incidence Test 

(Calypte Biomedical Corporation, Portland, OR, USA), and an avidity assay based on the 

GS HIV-1/HIV-2 PLUS O EIA kit (Biorad Laboratories, Redmond, CA, USA) using diethyl 

amine as the chaotropic agent. HIV seropositive subjects were characterized as recently 

infected if the following criteria applied: BED-CEIA <1.0 OD-n, avidity index <80%, CD4 

cell count >200 cells/mm3 and HIV viral load >400 copies/ml. Estimated incidence was then 

based on the frequency of recently infected individuals divided by the uninfected individuals 

(representing the at-risk population) and adjusted by the window period (0.56 years), which 

provides the time dimension for the estimate.

Statistical Analyses

We calculated community viral load measures that have been codified by the Centers for 

Disease Control and Prevention (CDC), USA and other groups:5,6,10 (1) In-care viral load 

(ICVL): arithmetic mean of the log10 HIV RNA among HIV-infected persons currently 

engaged in care (reported an HIV physician visit in the prior 6 months); (2) Aware viral load 

(AVL): arithmetic mean of the log10 HIV RNA among HIV-infected persons in a community 

aware of their status, regardless of engagement in care; (3) Population viral load (PVL): 

arithmetic mean of the log10 HIV RNA among all HIV-infected persons in the community, 

regardless of whether they are engaged in care or aware of status; and (4) Prevalence of 

viremia: prevalence of HIV-infected persons with HIV RNA>150 copies/ml in the 

community. Additionally, we estimated population ART coverage as the proportion of HIV-

infected persons who self-reported ART use in the prior 30 days. All persons who responded 

that they were aware of their HIV positive status were asked about their experience with 

ART.

Distribution of each community measure by site-level HIV incidence is seen in 

Supplementary Figure 1. Correlations between community measures and HIV incidence 

were assessed using Spearman correlation coefficients. The absolute value of the correlation 

coefficients of the measures were statistically compared against each other using the Fisher 

r-to-z transformation.18 The association between each measure and HIV incidence was 

assessed using simple linear regression models expressed as change in HIV incidence per 
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standard deviation (SD) change of the explanatory variable to facilitate comparisons across 

measures. R-squared (R2), which represents the proportion of the variance explained by 

covariates in the model was used to assess discrimination (ability of measures to distinguish 

between communities with higher and lower HIV incidence) across models. Akaike 

information criterion (AIC) and Bayesian information criterion (BIC) were further used to 

compare model fit. Both are model fit statistics that consider both goodness of fit and 

parsimony. Optimal models minimize both AIC and BIC. Regression coefficients were 

standardized by population (MSM/PWID). Further, using the model-based estimates, we 

calculated the change that would be required in each community measure to achieve a one 

percent decline in HIV incidence.

In one MSM site, Lucknow, none of the HIV-infected persons were aware of their status or 

in-care so neither ICVL nor AVL could be calculated. For the primary analysis, we assumed 

that there were HIV-infected persons aware of their status and/or in-care in Lucknow but that 

our sample failed to identify them. Thus, to include this site in analyses, we imputed the 

ICVL and AVL using a multiple imputation approach. We created 100 imputed values of 

ICVL and AVL modeled using relevant predictors, and then averaged across these 100 

values in order to estimate one ICVL and AVL value to be used in the correlation and 

regression model analyses. In sensitivity analyses, we also considered that there were 

actually no HIV-infected persons aware of their HIV status or in care in Lucknow and 

imputed zero and the highest value of HIV RNA for the ICVL and AVL in this site – 

inferences remained unchanged.

Primary analyses were performed using unweighted data, as our goal was to examine 

correlations rather than to draw inferences about disease burden in the underlying 

population. Additional sensitivity analyses were conducted: (1) Community viral load 

measures were recalculated using absolute values of HIV RNA vs. log10-transformed values; 

(2) Population ART coverage was redefined as the proportion of HIV-infected person who 

ever initiated ART (vs. currently taking ART); (3) Alternative cut-offs for viremic 

individuals of HIV RNA>1000 and HIV RNA>5000 copies/ml were used; (4) HIV 

prevalence was examined as a predictor of HIV incidence and compared against community 

viral load and proportion ART coverage; (5) RDS-weights were used to estimate measures 

and HIV incidence and correlations were reexamined (Supplementary Tables 1 thru 4). We 

used the Volz–Heckathorn estimator (RDS-II),19 which weights estimates for network size 

(number of PWID or MSM in the city whom a participant saw in the prior 30 days), to 

calculate site-level estimates of all measures and HIV incidence. Because there is no 

accepted method to weight cross-sectional HIV incidence estimates, to calculate weighted 

HIV incidence, we estimated the weighted prevalence of recent infections using RDS-II 

weights in a community and used this value in the equation described above13 to estimate 

cross-sectional incidence; and (6) outlying sites identified by exploring influence and 

leverage were removed from estimates of correlation and regression models (Supplementary 

Table 5).

Statistical analyses were performed using STATA version 12.0 (STATA Corp., College 

Station, Texas, USA) and R version 3.1.3 (The R Foundation for Statistical Computing, 

Vienna, Austria).
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Ethical Clearances

This study was approved by institutional review boards at the Johns Hopkins School of 

Medicine, Johns Hopkins Bloomberg School of Public Health and the YR Gaitonde Centre 

for AIDS Research and Education and study participants provided oral consent.

Role of Funding Source

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

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication.

FINDINGS

Description of Study Population

A total 26,503 (12,022 MSM and 14,481 PWID) participants were recruited across 27 sites 

in India between October 2012 and December 2013. The median site-level HIV prevalence 

across MSM and PWID sites was 8.6% (IQR: 6.1 – 13.2) and 19.7% (IQR: 10.2 – 30.6), 

respectively, with a site range of 2.0% to 43.3% (Table 1). The median site-level HIV 

incidence, based on cross-sectional incidence estimation, in MSM and PWID sites was 

0.87% (IQR: 0.40 – 1.17) and 1.43% (IQR: 0.60 – 4.00), respectively (Supplementary 

Figure 2). Sample characteristics and factors associated with HIV prevalence and incidence 

have been described previously.11,12 The median site-level age was 28 years (IQR: 26 – 31). 

The percentage of women in the PWID sites ranged from 0% to 20.6%. The majority had 

attained secondary level of education or lower (Table 1). The site-level median prevalence of 

unprotected anal intercourse with another man in the prior six months among MSM was 

55.9% (IQR: 42.3 – 66.0). In the PWID sites, a median 91.5% (IQR: 84.3 – 96.9) reported 

injection in the prior 6 months.

Distribution of community measures

The median ICVL, AVL and PVL across sites were 2.7 (IQR: 2.5 – 3.4), 3.1 (IQR: 2.8 – 3.8) 

and 3.9 (IQR: 3.1 – 4.3) log10 copies/ml, respectively (Table 2). Prevalence of viremia 

ranged from 1.8 to 33.8% across sites. Among HIV-infected participants, a site-level median 

36% (IQR: 13.4 – 52.9) reported that they had taken ART in the prior 30 days.

Correlation with HIV incidence

AVL, PVL, and prevalence of viremia were statistically significantly correlated with HIV 

incidence, while ICVL was not (Table 3; Figure 1). Proportion on ART (Spearman 

correlation coefficient [ρ]= −0.54) was also significantly correlated with incidence. The viral 

load measure most strongly correlated with HIV incidence was prevalence of viremia 

(ρ=0.81) followed by AVL (ρ=0.59) and PVL (ρ=0.51).

HIV incidence was statistically significantly more correlated with prevalence of viremia than 

with the other three community viral load measures and with proportion on ART (Table 4). 

Additionally, AVL was significantly more strongly correlated with HIV incidence than 

ICVL.
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Regression analyses

Model-based estimates were standardized to reflect the change in HIV incidence per 

standard deviation change to facilitate direct comparison (Table 3). Prevalence of viremia 

demonstrated the strongest association with HIV incidence. A one standard deviation 

increase in prevalence of viremia was associated with a 1.51% increase in HIV incidence 

(95% CI: 0.70, 2.32). Metrics of discrimination (R2, AIC and BIC) further support that 

prevalence of viremia best discriminated communities with high and low HIV incidence. 

The R2 for prevalence of viremia was 0.37 implying that prevalence of viremia explained 

37% of the variability in the incidence – the next highest R2 was 0.27 for AVL.

Using these model-based estimates, we estimated that in order to reduce the HIV incidence 

by 1%, prevalence of viremia in a community would need to be reduced by 4.34% (Table 3). 

Similarly, to reduce HIV incidence by 1%, ART use among HIV-infected individuals in the 

community would need to increase 19.5%.

Sensitivity analyses

Inferences were unchanged in sensitivity analyses. In RDS-weighted analyses, prevalence of 

viremia remained the most strongly correlated viral load measure with HIV incidence 

followed by AVL, PVL, population ART coverage and ICVL. However, the correlation 

between prevalence of viremia and HIV incidence was no longer statistically significantly 

different from the correlations of AVL, PVL, and population ART coverage with HIV 

incidence (Supplementary Table 4). Results did not change when alternate cutoffs for 

prevalence of viremia (HIV RNA>1000 copies/ml and HIV RNA>5000 copies/ml) were 

used. Prevalence of viremia was superior to HIV prevalence alone as a correlate of incidence 

(ρ=0.81 vs. ρ=0.62; p=0.001).

INTERPRETATION

The concept of community viral load - as a modifiable public health measure of the HIV 

care cascade and biologic driver new infections within populations - has attracted substantial 

attention.5–8 However, observed longitudinal correlations between community viral load and 

HIV incidence may be subject to ecologic fallacy because both exposure and outcome are 

measured at a community rather than individual-level, and rigorous empirical assessment of 

these measures across multiple sites is needed for corroboration.5 Moreover, several studies 

have used new HIV diagnoses as a surrogate of HIV incidence,7,8 although the average lag 

time between HIV infection and diagnosis is substantial and newly diagnosed infections can 

be influenced by case finding efforts. Our large, multi-city, epidemiologic survey of key 

populations in India provided a unique opportunity to compare the association between 

multiple measures of community viral load and HIV incidence. We found that prevalence of 

viremia was most strongly associated with HIV incidence, reinforcing the importance of 

incorporating not just information on viral load in infected persons but also HIV prevalence 

in the underlying population.

In studies to date, the most commonly cited measure of community viral load is the in-care 

viral load (ICVL). Compared with other measures, the data necessary to calculate ICVL may 
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be relatively easy to obtain from administrative/surveillance databases, as has been 

performed in studies from San Francisco, British Columbia, and Washington DC.7,8,20 

However, this construct of community viral load does not account for viral load data of HIV-

infected persons who are not engaged in care – individuals who are likely both to have 

higher viral loads and higher HIV transmission risk behaviors.5,6 Aware viral load (AVL) 

and population viral load (PVL) take these individuals into account in their estimation.6 We 

found that the correlation of AVL and PVL with HIV incidence were stronger than that of 

ICVL and HIV incidence.

Conceptually, two major components determine HIV transmission in a community: (1) 

frequency of engaging in risk-behaviors/coming into contact with someone who is HIV 

infected (HIV prevalence); and (2) transmission potential of HIV-infected individual. 

Clinical trials and observational studies have demonstrated the rarity of HIV transmission 

events resulting from HIV-infected persons with very low or undetectable HIV RNA 

levels.1,21 We used 150 copies/ml, which was the limit of detection in our HIV RNA assay, 

as the cut-off for viremic individuals. Prevalence of viremia combines both HIV prevalence 

and individuals’ transmission potential. Settings with a high prevalence of viremia are 

reflective of a high probability of coming into contact with an individual who could transmit 

HIV infection compared to settings with a low prevalence of viremia, where transmission is 

less likely to occur. The other three community viral load measures, ICVL, AVL and PVL, 

while accounting for transmission potential do not account for the probability of coming into 

contact with an HIV-infected person.5 In our study, these measures were less strongly 

associated with HIV incidence compared with prevalence of viremia in the community. 

These findings are consistent with a small study of MSM from Atlanta where a higher 

longitudinal HIV incidence was observed in a sub-group of Black MSM where the baseline 

probability of coming into contact with an individual with transmission potential was 

higher.22

Similar to a large study from South Africa,2 we also identified an inverse association 

between population ART coverage and HIV incidence. However, prevalence of viremic 

individuals in a community was a significantly stronger predictor of HIV incidence 

compared with population ART coverage. This difference may reflect the imperfect 

correlation between ART use data and successful suppression, which could result either 

from misreporting or sub-optimal adherence. Interestingly, ART coverage performed 

similarly to other measures of CVL including aware and population VL and was actually 

superior to the most commonly used measure, in-care VL (ICVL). In settings where 

calculating prevalence of viremia is not feasible, ART coverage should be considered as 

another option. The ease of collection of this self-reported measure makes it an attractive 

alternative in resource-limited settings.

Identification of the optimal measure for program effectiveness involves not only how well it 

tracks with HIV incidence but its ease of implementation and measurement in resource-

limited settings. On the one hand, the multi-assay algorithm used in this study to measure 

incidence could be considered the optimal measure; however, widespread use of this 

algorithm may be challenging because some tests need to be performed in real-time (e.g., 

CD4+ cell count) and others require laboratory infrastructure and training (e.g., BED, 
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avidity) that may not be readily available in all settings. HIV viral load is also not always 

available, but the likelihood of a low-cost point-of-care viral load assay is increasing23–25 

and HIV RNA can be measured using dried blood spots (DBS), which can facilitate 

implementation.26,27 While the lower limit of detection of DBS derived viral load is 1000 

copies/ml,26,27 our sensitivity analyses demonstrated that prevalence of viremia defined as 

>1000 or >5000 copies/ml were just as strongly correlated with HIV incidence as a lower 

threshold (>150 copies/ml).

There are important limitations to consider. First, our analyses were based on cross-sectional 

data measured at one point in time so we cannot demonstrate a temporal relationship 

between community viral load and HIV incidence. Similarly, we used a cross-sectional 

method for estimating HIV incidence that is based on characterizing individuals with recent 

infections using a multi-assay algorithm and applying an empirically derived window period 

for detectability of recent infection. While cross-sectional estimation of HIV incidence is an 

evolving field, the algorithm that we used has been validated in longitudinal cohorts for 

subtype C,13 the primary subtype in India.17 It is worth noting that the gold-standard method 

of estimating incidence from cohort studies may have drawbacks as well. Risk behaviors 

may be affected by cohort follow-up itself (Hawthorne effect) and retention issues may lead 

to increasing selection biases over time. Second, we also estimated several of our measures 

(ICVL, AVL, ART coverage) using self-reported data on HIV status awareness, access to 

care, and ART use. Several studies have demonstrated that people may misrepresent their 

HIV and/or ART status in surveys, which could affect our estimates.28–30 Third, while a 

random sample of the target population might be best-suited to arrive at community-level 

estimates of HIV incidence, population ART coverage and the various CVL measures, 

recruiting a random sample of MSM or PWID is always challenging as no underlying 

sampling frame exists. RDS, when implemented appropriately and critical assumptions are 

met, should generate estimates representative of the underlying population.15,16 While it is 

not possible to verify all RDS assumptions (e.g., whether participants accurately report 

network size), our samples achieved sufficient depth and were accrued rapidly from just 2–3 

seeds supporting that the assumptions of reciprocity and networking of participants were 

met. Further, we have previously demonstrated that homophily values for HIV prevalence 

and other associated factors were between 0.20 and −0.20 for the majority of sites 

supporting that recruitment from individuals networks was random with respect to these 

factors.

Our study demonstrated prevalence of viremia was the strongest correlate of HIV incidence 

within MSM and PWID communities, and steps should be taken to assess the longitudinal 

utility of this measure to monitor the regional effectiveness of test and treat programs 

targeted to key populations via serial cross-sectional studies. Further, prevalence of viremia 

should also be considered as an outcome in implementation studies of combination HIV 

prevention.
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PANEL

Evidence before this study

We conducted PubMed searches on January 19, 2016 corresponding to the major objective 

of our paper, assessing the relationships between community viral load, ART coverage and 

HIV incidence. We used HIV Mesh terms (i.e., “HIV” or “HIV infections/transmission”) in 

addition to terms for community viral load (e.g., “population viral load” or “population 

surveillance” and “viral load”) or terms for population ART coverage (e.g., “Antiretroviral 

Therapy, Highly Active” Mesh term and “coverage”). This search identified a total of 112 

publications. There were reports that used administrative data and cohort studies as well as 

review articles/perspectives that reported on the relationship between community viral load, 

ART coverage and HIV incidence. Administrative data from San Francisco and Washington, 

DC in the US, and British Columbia, Canada demonstrated an association between 

decreasing community viral load among HIV-infected people seeking care (in-care viral load 

[ICVL]) and new HIV diagnoses in the communities. Similarly, a cohort study from 

Vancouver among drug users demonstrated an association between decreasing community 

viral load enrolled in a cohort and HIV incidence in the same cohort. Only a single study 

from South Africa demonstrated an association between increased population ART coverage 

(measured using administrative data) and decreased HIV incidence. Subsequent editorials 

and reports including one from the Centers for Disease Control and Prevention (CDC), US 

have highlighted gaps in the traditionally used metrics of community viral load assessment 

and have called for measures that incorporate not only the viral load of HIV-infected persons 

who are aware of their status but also of those who are infected but unaware of their HIV 

status as these individuals represent a group that are not enrolled in care and hence, more 

likely to transmit HIV infection. Most recently, a new metric that incorporates both HIV 

prevalence and viral load has been suggested as overcoming some of the limitations of the 

traditionally used methods that do not incorporate burden of HIV infection in the community 

and probability of coming into contact with a HIV-infected person. Given that community 

viral load has been incorporated into National and International HIV/AIDS strategies as a 

measure of program effectiveness, it is critical that these various proposed constructs of 

community viral load be examined using empirical data.

Added value of this study

Our study identified at least two important findings that are critical to the monitoring of 

program effectiveness. First, in our study, prevalence of viremia appeared to be superior to 

all other metrics in predicting HIV incidence providing empirical support for what has been 

hypothesized by others. Unlike the other measures of community viral load, prevalence of 

viremia incorporates information on the HIV viral load of an individual as well as the 

prevalence of HIV in the community. Collectively, these represent the probability of coming 

into contact with an infected individual with transmission potential. The next most strongly 

correlated measure was population viral load, which represents the average viral load of all 

HIV-infected individuals in the community regardless of whether they were aware of their 

status or in care. Second, population ART coverage measured via self-report, though inferior 

to prevalence of viremia, was significantly associated with cross-sectional HIV incidence 

and was more strongly correlated with HIV incidence than in-care viral load, the most 
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commonly used community viral load measure. In settings with minimal to no access to HIV 

RNA testing, self-reported population ART coverage can be considered as a measure of 

program effectiveness.

Implications of all the available evidence

Prevalence of viremia, a measure that takes into account both HIV viral load and HIV 

prevalence in its calculation, was the most correlated community viral load measure with 

HIV incidence and should be strongly considered in the measurement of program 

effectiveness. With advances in low-cost viral load monitoring and the potential to measure 

prevalence of viremia even using dried blood spots, our data support the inclusion of 

prevalence of viremia as a key outcome for evaluating the impact of HIV prevention and 

treatment interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Scatterplots with fitted linear regression lines showing the associations of the various 

community level measures and HIV incidence among MSM and IDU in 27 sites in India 

(n=26,503; 27 samples). Panel A: In-care viral load (ICVL); Panel B: Aware viral load 

(AVL); Panel C: Population viral load (PVL); Panel D: Prevalence of viremia; Panel E: 

Proportion on ART
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Table 1

Description of site-level characteristics by stratified by population

MSM
(n=12,022; 12 sites)

PWID
(n=14,481; 15 sites)

Site median (IQR) Site median (IQR)

Median age in years 26 (25 – 30) 30 (27 – 32)

Proportion male (%) 100 98.4 (88.7 – 99.8)

Education (%)

• Primary school or less 18.8 (17.0 – 28.7) 32.8 (22.8 – 42.5)

• Secondary school 41.8 (37.8 – 50.0) 45.6 (40.7 – 52.8)

• High school and above 29.8 (27.2 – 40.4) 21.0 (9.5 – 24.1)

Marital status (%)

• Currently married/living with partner 37.9 (29.5 – 47.2) 46.9 (33.9 – 58.3)

• Never married 59.7 (48.4 – 63.4) 41.8 (29.8 – 49.3)

Median monthly income in Indian rupees 6000 (5250 – 6750) 5000 (4000 – 6000)

Ever injected drugs (%) 1.0 (0.4 – 2.2) 100

Median age at 1st injection in years 19 (18 – 20) 21 (19 – 22)

Injected drugs in past 6 months (%) 1.0 (0.4 – 1.9) 91.5 (84.3 – 96.9)

Shared needles in the past 6 months (%) 0.3 (0.2 – 0.5) 35.0 (27.2 – 50.1)

Ever heterosexual sex, (%) 70.1 (63.9 – 80.4) 88.3 (79.8 – 91.1)

Unprotected heterosexual sex in the past 6 months (%) 41.4 (32.5 – 49.9) 39.1 (33.3 – 58.4)

Ever MSM behavior (%) 100 3.7 (2.1 – 9.3)

Median age at 1st MSM encounter 18 (17 – 19) 20 (18 – 22)

Unprotected MSM behavior in the past 6 months (%) 55.9 (42.3 – 66.0) 0.8 (0.5 – 1.5)

HIV Prevalence (%) 8.6 (6.1 – 13.2) 19.7 (10.2 – 30.6)

HIV incidence (%)* 0.87 (0.40 – 1.17) 1.43 (0.60 – 4.00)

IQR - interquartile range; MSM – men who have sex with men; PWID – people who inject drugs;

*
HIV incidence was estimated using a multi-assay algorithm that incorporated BED CEIA, avidity index, absolute CD4+ count and HIV RNA
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Table 2

Distribution of community measures of interest overall and stratified by risk-population

MSM
(n=12,022; 12 sites)

IDU
(n=14,481; 15 sites)

Overall
(n=26,503; 27 sites)

Site median (IQR) Site median (IQR) Site median (IQR)

In-care viral load (ICVL)a (log10 copies/ml) 2.7 (2.5 – 3.1) 2.7 (2.5 – 3.9) 2.7 (2.5 – 3.4)

Aware viral load (AVL) (log10 copies/ml) 2.9 (2.7 – 3.4) 3.4 (2.9 – 4.1) 3.1 (2.8 – 3.8)

Population viral load (PVL) (log10 copies/ml) 3.8 (3.1 – 4.2) 4.0 (3.1 – 4.4) 3.9 (3.1 – 4.3)

Prevalence of viremia (%) 5.0 (4.0 – 7.7) 14.2 (8.3 – 20.1) 9.0 (4.4 – 15.6)

Proportion on ARTb (%) 39.6 (23.2 – 52.9) 28.2 (9.7 – 52.9) 36.0 (13.4 – 52.9)

IQR - interquartile range;

a
Including imputed values for Lucknow;

b
Proportion of HIV-infected participants who self-report currently taking antiretroviral therapy (ART)
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