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Abstract

Objective: Sexual HIV transmission is more likely to occur when plasma HIV RNA level (viral 

load) exceeds 1500 copies/ml. We assessed the percentage of person-time spent with viral load 

above 1500 copies/ml (pPT >1500) among adults with HIV in care.

Design: Observational cohort in eight United States HIV clinics.

Methods: Participants had at least one HIV Outpatient Study (HOPS) clinic visit and at least two 

viral loads during 2000–2014. We assessed pPT above 1500 in time intervals between consecutive 

viral load pairs, overall and by ART status. Trends in pPT above 1500 and associations between 

pPT above 1500 and chosen baseline demographics and clinical characteristics were analyzed 

using generalized estimating equations.

Results: There were 5873 patients contributing 37 794 person-years; 86.0% person-years had 

prescribed ART, with increasing coverage over time. Over 2000–2014 pPT above 1500 was 

24.2%, decreasing from 38.3% in 2000–2002 to 11.3% in 2012–2014. During observation time 

with ART prescribed, pPT above 1500 was 16.4% overall, decreasing from 29.9% in 2000–2002 

to 8.0% in 2012–2014. pPT above 1500 was higher in patients less than 35 vs. at least 50 years 

old (31.5 vs. 15.6%), women vs. men (30.8 vs. 22.3%), and black vs. white and Latino/Hispanic 
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patients (32.7 vs. 19.9 and 23.7%, respectively). Multivariable correlates of higher pPT above 

1500 included no prescribed ART, being younger, non-Hispanic black vs. white, baseline viral 

load above 1500 copies/ml or lower CD4+ count, and baseline public vs. private insurance.

Conclusion: pPT above 1500 declined during 2000–2014. Results support decreasing HIV 

transmission risk from persons in HIV care over the last decade, and the need to focus 

interventions on patient groups more consistently viremic.
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Introduction

In the United States, as the population of HIV-diagnosed persons in care has grown in 

part because of improvements in HIV testing, linkage to HIV care, and improved survival 

on antiretroviral therapy (ART) [1,2], HIV transmission from persons unaware of their 

HIV serostatus has proportionally declined, whereas that attributed to persons diagnosed 

but not retained in HIV care has increased [3–5]. ART can effectively lower the virus to 

levels that prevent transmission [6], yet because of poor medication adherence or HIV drug 

resistance, some patients do not maintain consistent viral load suppression [7,8] and may 

continue to transmit HIV through higher-risk sexual practices or sharing of injection drug 

use equipment.

There is effectively no risk of sexual transmission when HIV viral load is durably 

suppressed with prescribed ART. Data from early studies of serodiscordant heterosexual 

couples can be used to establish the viral load threshold at which transmission begins to 

occur. In one large study of heterosexual serodiscordant couples, Quinn et al. [9] found that 

a plasma viral load of 1500 copies/ml may represent a threshold above which transmission 

risk begins to increase; no transmissions were observed beneath this viral load level. In 

another study of serodiscordant couples by Tovanabutra et al. [10] no HIV transmissions 

occurred when plasma viral load was below 1094 copies/ml. Although few cases of HIV 

transmission have been documented at lower viral load levels [11], for the vast majority 

of heterosexual serodiscordant couples in which HIV transmissions occurred, the infected 

partner’s viral load exceeded 1500 copies/ml.

There is considerable interest in understanding how ongoing advances in HIV care and 

‘treatment as prevention’ may affect transmission potential and HIV incidence [12–14]. 

Evolution in HIV treatment guidelines toward earlier initiation of ART [15,16] and the 

advent of new drug classes (e.g. integrase inhibitors) that are more potent and tolerable, 

may reduce ‘spikes’ in viral load that exceed 1500 copies/ml. Analyses of longitudinal HIV 

cohort data with information on ART prescriptions can improve understanding of temporal 

changes in the proportion of time patients are at risk of transmitting HIV to others, and 

identify patient subsets at the highest risk. Here, we examined the percentage of person-time 

spent with viral load above 1500 copies/ml (pPT>1500) over 15 years in a clinical cohort of 

5873 persons living with HIV (PLWH).
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Methods

Study population

HOPS is an open, longitudinal cohort of PLWH individuals, 18 years or older, receiving 

care in HIV specialty clinics in the United States [17]. Patient data, including demographic 

and social characteristics, diagnoses, prescribed medications, and laboratory values, are 

abstracted from medical records and entered by trained staff into a single electronic database 

(Discovere; Cerner Corporation, Kansas City, Missouri, USA). The abstracted data are 

reviewed for quality and analyzed centrally. The HOPS protocol has been reviewed and 

approved annually by the institutional review boards of the Centers for Disease Control 

and Prevention (Atlanta, Georgia) and each site. The study protocol conforms to the 

guidelines of the U.S. Department of Health and Human Services for the protection of 

human participants in research. All participants have provided written, informed consent.

For the present analyses, from among 10 436 participants seen at eight clinic sites as of 

31 June 2015, we excluded 1924 patients from inactive HOPS sites, 421 patients with only 

1 HOPS visit, and 1815 patients with no clinic visits during 2000–2014, to obtain 6465 

participants who had at least two HOPS clinic visits, with at least one occurring between 

2000 and 2014. We excluded 592 patients lacking at least two viral loads at least 30 days 

apart during 2000–2014, to arrive at the analytic sample of 5873 patients (Supplemental 

Figure 1, http://links.lww.com/QAD/B315).

Outcome measure

The outcome variable was pPT above 1500 and is a rate that reflects the number of 

days above a viral load of 1500 copies/ml, relative to the total number of person-days 

on observation. We computed this outcome using consecutive viral load pairs, from the 

method of Marks et al. [14] (see Fig. 1). If both viral load measurements of a pair were 

above 1500 copies/ml, then all intervening person-time was considered to have been above 

1500 copies/ml (time between 0 days and 110 days in the figure). If both viral load 

measurements of a pair were less than or equal to 1500 copies/ml, then all intervening 

person-time was considered to have been less than or equal to 1500 copies/ml (time between 

234 and 362 days in the figure). If the first viral load in the pair was above 1500 copies/ml, 

and the second was less than or equal to 1500 copies/ml (time between 110 and 234 

days in the figure), or vice versa (time between 362 and 492 days in the figure), we 

used a straight-line approximation to estimate viral loads between measurements. In this 

scenario, the estimation method entailed calculating the difference in magnitude between 

viral load results, calculating the difference in magnitude between the viral load exceeding 

the threshold and 1500 copies/ml, dividing the latter by the former, and then multiplying 

this fraction by the length of the time interval. For example, in the last viral load pair of 

the figure, the first viral load measured 750 copies/ml and the second viral load measured 

2300 copies/ml. The fraction would be (2300 – 1500)/(2300 – 750) = 800/1550 = 0.516. 

These viral loads are 130 days apart, so 67.1 days in that period (0.516 × 130) have viral 

load above 1500 copies/ml. For all consecutive viral load pairs in our patient population, we 

summed the number of days above 1500 copies/ml in the numerator, divided by the total 

days of observation in the denominator, and multiplied by 100 to derive pPT above 1500.
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Predictor variables

Start of observation (baseline) for the analysis was defined as the time of the participant’s 

first viral load on or after 1 January 2000. We analyzed the following demographic variables: 

baseline age, sex, race/ethnicity, sexual orientation (heterosexual female, heterosexual male, 

or MSM), injection drug use (IDU), and insurance type. Abstracted clinical information 

included AIDS diagnosis, plasma HIV viral loads, CD4+ cell counts, and ART regimens 

with their start and stop dates. Prescribed or not prescribed ART (where those not 

prescribed ART have either not yet started ART, or have interrupted or discontinued ART) 

was defined as a time-dependent variable. We categorized regimens into the following 

main classes: protease inhibitor-containing, nonnucleoside reverse transcriptase inhibitor 

(NNRTI)-containing, integrase strand transfer-inhibitor (INSTI)-containing, and all other 

regimens [nucleoside reverse transcriptase inhibitors (NRTIs) only, or entry inhibitors]. 

Regimens that contained INSTI were classified in the INSTI category regardless of other 

agents. Regimens that contained both a protease inhibitor and an NNRTI were classified in 

the protease inhibitor category. We also assessed regimen dosing (once daily, twice, thrice or 

more) and intervals between adjacent viral load measures over time.

Statistical analysis

We summarized the outcome variable for patients by demographic and clinical subgroups, 

calendar time period, and ART prescription status. Calendar time period was formed by 

grouping the 15 years of study observation time into five consecutive 3-year time periods. 

Some patients contributed observation time to both ‘prescribed ART’ and ‘not prescribed 

ART’ strata. Generalized estimating equations (GEE), assuming a Poisson model with a log 

link and a robust variance estimator [18] were used to control for an individual’s correlated 

viral loads, and to obtain point estimates and 95% confidence intervals for both pPT above 

1500 and rate ratios, in both univariable and multivariable models. Use of both backward 

and forward selection methods yielded the same multivariable model. Inclusion criteria for 

forward selection was based on a univariable model P less than 0.20 using an a priori 

chosen set of characteristics: calendar time period, time-dependent ART status, baseline age, 

race/ethnicity, sexual orientation, CD4+ cell count, baseline viral load, IDU, and baseline 

insurance. All variables included in the final multivariable model using both forward and 

backward selection methods had a P < 0.05. Multivariable models were adjusted for 

the main effects of calendar time period, baseline age, race/ethnicity, baseline viral load 

above 1500 copies/ml, baseline CD4+ cell count, time-dependent ART status (prescribed 

or not), and site. Trend analyses in demographic and clinical subgroups were conducted 

by stratifying on subgroup categories and modeling pPT above 1500 against calendar time 

period for each stratum. Analyses were carried out using SAS (version 9.4; SAS Institute 

Inc., Cary, North Carolina, USA). Statistical results with P less than 0.05 were considered 

significant.
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Results

Demographic and clinical characteristics at baseline

The 5873 individuals in our study population had a median age of 40.7 years at baseline, 

78.0% were men, 50.8% were white, 33.6% black, and 12.0% Hispanic/Latino (Table 1). 

Most patients were classified as MSM (58.7%); 9.8% reported IDU.

Most patients had health insurance (54.2% private, 36.0% public). At baseline, median 

CD4+ cell count was 388 cells/μl with 34.3% of patients having CD4+ cell count above 

500 cells/μl. Less than half (46.5%) the patients had a baseline viral load above 1500 

copies/ml, 48.8% had been diagnosed with HIV infection 5 years or longer, and 72.1% were 

ART-experienced (Table 1).

Longitudinal profile of viral loads and antiretroviral therapy use

Collectively, among the 5873 persons studied, 86.0% were not prescribed ART for some 

time during observation. There were 4050 (69.0%) who had at least one viral load above 

1500 copies/ml. Of the 3142 (53.5%) patients who had viral load 1500 copies/ml or 

less at baseline, 1319 (42.0%) had at least one viral load above 1500 copies/ml during 

follow-up. The total number of viral loads measured during the analytic period was 105 

068, with a median of 15 viral loads per person (interquartile range 7–27). Of these 

viral load measurements, 74.0% were 1500 copies/ml or less and obtained when a patient 

was prescribed ART, 3.7% were 1500 copies/ml or less and obtained when a patient 

was not prescribed ART, 13.1% were above 1500 copies/ml and obtained when a patient 

was prescribed ART, and 9.2% were above 1500 copies/ml and obtained when a patient 

was not prescribed ART. Of consecutive viral load pairs, 15 982 (16.1%) pairs had both 

measurements above 1500 copies/ml; 72 214 (72.8%) pairs had both measurements 1500 

copies/ml or less; 6313 (6.4%) pairs had the first measurement above 1500 copies/ml 

(2136 of which coincided with times of ART introduction) and the second measurement 

at or below that level; and 4686 (4.7%) pairs had the first measurement at or below 1500 

copies/ml (1132 of which coincided with ART interruption or discontinuation) and the 

second measurement above that level. The majority of viral load pairs were separated by 

less than 6 months. Over time, however, a smaller percentage of pairs were separated 

by less than 6 months, whereas pairs spaced six to less than 9 months became more 

common. Percentages of other between-pair viral load time categories were relatively stable 

(Supplemental Figure 2, http://links.lww.com/QAD/B315).

Of the 37 794 person-years, 86.0% was time when ART was prescribed. Prescribed ART 

use per year increased during 2000–2014, and the number of patients not prescribed ART 

proportionately decreased. The number of patients prescribed integrase inhibitors increased 

markedly relative to the short time they have been available (Fig. 2). The percentage of 

observation time when ART was not prescribed increased from 12.1% in 2000 to 20.6% in 

2003, and subsequently diminished to 6.6% in 2014.
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Correlates of percentage of time with viral load above 1500 copies/ml

Among the 5873 study participants, the overall amount of person-time spent with viral load 

above 1500 copies/ml was 24.2% (Table 1). The youngest patients (less than 35 years of 

age at baseline) spent 31.5% of their observation time above 1500 copies/ml, the greatest 

proportion of all age groups. Other patient subgroups with higher pPT above 1500 were 

women (30.8%), blacks (32.7%), persons with a history of IDU (26.9%), and those with 

public insurance at baseline (30.7%). Stratified by clinical variables, subgroups with higher 

pPT above1500 were patients with baseline CD4+ cell count less than 50 cells/μl (36.1%), 

those with baseline viral load above 1500 copies/ml (38.2%), persons who were ART-naive 

at baseline (28.5%), and those with a prior AIDS diagnosis (24.6%). In addition, being 

prescribed a regimen other than NNRTI-based or INSTI-based, having a regimen that was 

dosed twice or more daily compared with once daily, and having 9 months or more between 

consecutive HIV viral loads (compared with a shorter time period) were all associated with 

greater pPT above 1500 (Table 1).

In univariable regression (Table 2), during time periods when not prescribed ART, patients 

had 4.4 times the pPT above 1500 than during time periods when prescribed ART. In 

addition to time-dependent ART, baseline factors significantly associated with greater pPT 

above 1500 included age less than 50 years compared with at least 50 years, black or 

Hispanic/Latino race/ethnicity compared with white, being heterosexual compared with 

MSM, using injection drugs, public insurance compared with private, a baseline CD4+ cell 

count less than 350 compared with at least 500 cells/μl, and a baseline viral load above 

1500 copies/ml compared with a lower level. In the final multivariable GEE model (Table 2), 

factors most strongly associated with greater pPTabove 1500 included a baseline viral load 

above the 1500 copies threshold (rate ratio = 2.2) and time-dependent prescribed ART (not 

prescribed vs. prescribed, rate ratio = 3.4); younger age, black race, public insurance, and 

lower CD4+ cell count were associated to a lesser extent.

Temporal trends in percentage of time with viral load above 1500 copies/ml

Overall, pPT above 1500 decreased from 38.3% in 2000–2002 to 11.3% in 2012–2014 

(trend P < 0.001, Fig. 3). When patients were prescribed ART (86.0% of total observation 

time in the analysis), pPT above 1500 was 16.4% overall, decreasing from 29.9% in 

2000–2002 to 8.0% in 2012–2014 (trend P < 0.001). During times when patients were 

not prescribed ART, the pPT above 1500 was 72.4% overall, decreasing from 80.5% in 

2000–2002 to 53.0% by 2012–2014 (trend P < 0.001). The pPT above 1500 when not 

prescribed ART was further stratified into two strata (1) not prescribed ART and confirmed 

ART-naive and (2) not prescribed ART when already ART-experienced or ART history 

incomplete/unknown (i.e. during confirmed and possible ART interruptions). The pPT>1500 

among ART-naive patients decreased from 74.8% in 2000–2002 to 47.7% in 2012–2014 

(trend P < 0.001) for possible reasons explored in the discussion. The pPT above 1500 when 

not prescribed ART among patients already ART-experienced or with unknown ART history 

decreased from 82.2% in 2000–2002 to 55.5% in 2012–2014 (trend P < 0.001).

Decreases in pPT above 1500 during 2000–2014 were documented in all demographic 

patient subgroups (all P < 0.001): men (36.0–9.6%) and women (46.7–16.1%); persons who 
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started observation aged less than 35 years (41.9–19.6%), 35–49 years (39.4–9.3%), and 50 

years and older (28.9–4.9%); persons who were white (33.0–5.9%), black (49.9–18.2%), and 

Hispanic/Latino (39.6–12.5%); heterosexual men (41.2–13.8%) and MSM (34.5–8.1%).

Discussion

In this large, diverse, prospectively followed cohort of United States adult PLWH in care, 

we observed that from 2000 to 2014, the pPT above 1500 decreased markedly from 38.3 

to 11.3%. Reasons for this finding likely include: the evolving standard of care during 

this calendar time period mandated progressively earlier initiation of ART; recommended 

ART combination regimens became simpler and more adherable (more tolerable, once-daily 

dosing, and use of fixed-dose combination and single-tablet regimens), more potent, and, 

with some regimens, less likely to result in development of resistance or virologic failure in 

patients with suboptimal adherence. Our central finding of decreased pPT above 1500 in our 

patient population over time implies not only improved health outcomes in the population 

but also a reduced opportunity for HIV transmission when engaging in condomless sex. 

Although some demographic subgroups of patients had an overall higher pPT above 1500, 

including patients who were younger, women, or black, the decreases in pPT above 1500 

were observed consistently in all major demographic subgroups.

Crepaz et al. (2012–2013) used United States national surveillance data to estimate that 

PLWH spent a mean of 17% person-time with a viral load above 1500 copies/ml [19]. In that 

study, women, racial/ethnic groups other than white, persons in an HIV risk category other 

than MSM, younger people, and those with a gap in care had significantly more person-time 

above 1500 copies/ml compared with their respective counterparts. In the Marks et al. [14] 

study (2009–2013) of patients from six HIV clinics, the estimated pPT above 1500 was 

26.3%, higher than in the Crepaz et al. study (2012–2013), possibly because of an earlier 

calendar time frame and selection of clinics. ART use information was available at only 

two time points in Marks et al., and was not available for the Crepaz et al. analysis. By 

comparison, the pPT greater than 1500 in the current eight-clinic HOPS analysis was 14.4% 

during 2009–2011 and 11.3% during 2012–2014. Such reductions in viral load have been 

associated with fewer short-term and long-term adverse clinical outcomes [20].

The decreases in pPT above 1500 over the 15 years we observed should be interpreted 

in the context of a multitude of changes in HIV treatments and patient management 

practices during this period [21,22]. First, there was a shift in recommendations toward 

ART at higher CD4+ cell counts, and ultimately universal prescribed ART at HIV diagnosis, 

affecting the underlying population characteristics of patients prescribed ART quickly vs. 

remaining untreated (i.e. sicker patients treated preferentially, leaving generally healthier 

patients in the untreated pool). There were significant advances in ART, including the 

introduction of simpler combination regimens and the advent of more potent and tolerable 

agents, including integrase inhibitors. Notably, the pPT above 1500 decreased across 

all regimen categories over time among HOPS patients, with the lowest estimates for 

persons prescribed NNRTI-containing and INSTI-containing ART (data not shown). These 

observational findings suggest a higher likelihood of virologic suppression on newer and 

simpler (e.g. fixed dose combinations) NNRTI-containing and INSTI-containing ART than 
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older types of protease inhibitor-containing and other ART regimens [21,22]. Second, during 

2000–2014, participants in our cohort spent progressively less observation time in prescribed 

ART interruptions, likely affected by the report that CD4+ cell count-guided interruptions 

were inferior [23,24], and also because of the clinical consensus emerging since 2007 that 

continuous retention in HIV care and continuous virological suppression has clear-cut health 

benefits, in terms of both AIDS-defining and non-AIDS defining events, as well as mortality 

[15,16,25,26]. Third, the demographics of our open PLWH cohort have evolved over time, 

with increasing representation of patients who are older, women, nonwhite, and publically 

insured (data not shown). With the exception of older age, these patient characteristics have 

been associated with poorer adherence (in other studies) and with greater time spent with 

viral load above 1500 copies/ml in this and prior HOPS work.

The temporal decreases in pPT above 1500 during periods when patients were not 

prescribed ART are noteworthy. For ART-naive time, this may be because the remaining 

ART-naive patients may have had higher CD4+ cell counts and lower viral loads (than those 

treated) and this shrinking untreated group could have been progressively more enriched 

over time with elite or viremic controllers [27,28]. During time periods spent not prescribed 

ART because of interruptions or discontinuation, the observed population-level decrease in 

pPT above 1500 could be because of two additional factors, which we cannot ascertain from 

our data: greater likelihood of ongoing HIV viral load suppression for some days/weeks 

after ART discontinuation with use of increasingly persistent (longer half-life) agents or 

overall better control of viral reservoirs [28], and a potential shift in types of and reasons for 

breaks in ART prescription (e.g. dropout from care vs. physician-supervised drug holidays 

vs. waiting periods for insurance approvals when switching ART) in increasingly healthy 

patients.

Our study is not without limitations. Interpretation of the baseline age effect is somewhat 

ambiguous as baseline age was defined to be the patient’s age at study start time, which 

may or may not be correlated with more recent HIV diagnosis. Additionally, as HIV viral 

load changes often occur rapidly, the linear interpolation of the trajectory between viral 

loads could lead to some inaccuracy in the estimation of the pPT above 1500. We did not 

have information on important social determinants of health (poverty, educational status, 

stigma) and clinic level/structural variables (availability of adherence support interventions) 

that could be associated with virologic outcomes and may confound some of the associations 

observed (e.g. black race/ethnicity having a higher pPT above 1500). Finally, the overall 

reduction in pPT above 1500 could be in part because of our aging patient population (the 

median age of our population increased from 40.4 to 48.5 years from the first 3-year to 

the last 3-year calendar period) surviving longer on potent ART, as older age is generally 

associated with better adherence to ART [29] and medical treatments, in general. However, 

we would expect aging to be counteracted by greater representation over time of nonwhite 

and female persons in our study population, subsets which had higher pPT above 1500. 

Strengths of our study lie in the ability to assess viral load trends in an open, longitudinal 

cohort over a 15-year period. The routine documentation of ART prescriptions, not available 

in other data sources such as the United States national HIV surveillance data, allowed us 

to investigate granular associations of prescribed ART use, as well as that of major types of 

ART regimens, with our study outcome.
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In conclusion, over a 15-year time period during which routine and progressively earlier 

use of more modern (effective and tolerable) ART provided improved viral load control, 

we observed decreasing pPT above 1500, suggesting reduced risk of HIV transmission 

from treated patients in care over time. Reassuringly, decreases in pPT above 1500 were 

observed in all major demographic subgroups. Continued efforts are needed to address 

social, behavioral, and structural factors, focusing on patient subgroups more likely to 

experience suboptimal viral suppression.
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Fig. 1. 
Estimating person-time above a transmission threshold of 1500 copies/ml (illustrative 

example).
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Fig. 2. Number of HOPS patients prescribed a given type of antiretroviral therapy regimen, 
2000–2014 (N = 5873).
HOPS, HIV Outpatient Study.

Mendoza et al. Page 13

AIDS. Author manuscript; available in PMC 2024 May 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Percentage of person-time spent with HIV viral load above 1500 copies/ml.
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